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Abstract

Th e objective of our study was to investigate changes in cell morphology and viability after sonoporation. Sonoportion was achieved by ultra-

sound ( kHz) exposure on adherent human prostate cancer DU cells in the cell culture dishes with the presence of microbubble contrast 

agents and calcein (a cell impermeant dye). We investigated changes in cell morphology immediately after sonoporation under scanning elec-

tron microscope (SEM) and changes in cell viability immediately and  h after sonoporation under fl uorescence microscope. It was shown that 

various levels of intracellular calcein uptake and changes in cell morphology can be caused immediately after sonoporation: smooth cell sur-

face, pores in the membrane and irregular cell surface. Immediately after sonoporation, both groups of cells with high levels of calcein uptake 

and low levels of calcein uptake were viable;  h after sonoporation, group of cells with low levels of calcein uptake still remained viable, while 

group of cells with high levels of calcein uptake died. Sonoporation induces diff erent eff ects on cell morphology, intracellular calcein uptake 

and cell viability. ©  Association of Basic Medical Sciences of FBIH. All rights reserved
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INTRODUCTION

Conventional drug delivery systems, such as systemic ad-

ministration via intravenous injection or oral administra-

tion, are often not sufficient for delivery of therapeutic 

compounds such as proteins and genes [, ]. A recent de-

velopment in delivery systems for therapeutic compounds 

is ultrasound (US)-aided intracellular delivery [-]. It has 

been demonstrated that US can achieve efficient intracel-

lular delivery of a variety of drugs and/or genes [-]. So-

noporation is defined as the formation of transient, non-

specific pores or openings in the cellular membranes 

upon US exposure was commonly considered as the main 

mechanism of action for efficient drug delivery [-]. 

However, several studies have recently reported hetero-

geneity in the levels of both small- and macro- molecular 

uptake by sonoporation [-]. Cells with various lev-

els of molecular uptake can be generally divided into two 

groups: cells with high levels of molecular uptake and those 

with low levels of molecular uptake. The exact mecha-

nism is still not fully understood. Zarnitsyn et al. [] pre-

sented a theoretical model that determined membrane 

pore size as a function of calcein (a cell impermeant dye) 

uptake where calcein uptake is directly related to pore size 

(i.e. greatest calcein uptake in cells with the largest pores). 

In the current study, US was applied to adherent cells in 

the cell culture dishes in order to establish a model of het-

erogeneity in sonoporation. The possible mechanism of 

action was studied by observing changes in cell morphol-

ogy immediately after sonoporation using scanning elec-

tron microscope (SEM) and cell viability immediately and 

 h after sonoporation using fluorescence microscope.

MATERIALS AND METHODS

Cell lines
Human prostate cancer DU cell lines were purchased 

from the American Type Culture Collection (ATCC, 

Manassas, VA, USA). Cells were cultured as monolay-

ers and grown to  confl uence on cell culture dishes ( 

mm in diameter) in RPMI- media (GIBCO, USA) 

supplemented with  (v/v) heat-inactivated fetal bovine 

serum (FBS; GIBCO, USA),  mmol/L glutamine,  IU/

* Corresponding author: Bing-Hu, 

Department of Ultrasound In Medicine, Shanghai Jiao Tong University 

Affi  liated 6th People’s Hospital, Shanghai Institute of Ultrasound 

in Medicine, 600 Yi Shan Road, Shanghai 200233, China. 

Tel: 086-21-64369181; Fax: 086-21-54488254

e-mail: binghuzz@sina.cn

Submitted: 15 September 2011 / Accepted: 19 April 2012



Bosn J Basic Med Sci 2012; 12 (2): 65-68

JIZHEN ZHANG ET AL.: DIFFERENT EFFECTS OF SONOPORATION ON CELL MORPHOLOGY AND VIABILITY

mL penicillin,  μg/mL streptomycin, and  mmol/L 

HEPS (pH .) at oC,  CO, and  relative humidity. 

Cell pre-treatment
Three ml cell culture media (fresh RPMI- with  

FBS) containing  (v/v) of the microbubble contrast 

agent-Sonovue (Bracco International B.V., Italy) and  

μM calcein ( Da, radius=. nm; A green fluorescent 

and cell membrane impermeant stain, Sigma, USA) was 

added into the cell culture dishes containing adherent 

human prostate cancer DU cells before sonication. 

Ultrasound apparatus and exposure 
Ultrasound was generated at  kHz by a function gen-

erator and amplifier (Shanghai Institute of Ultrasound 

in Medicine, Shanghai, China) that controlled the trans-

ducer via matching transformer (Shanghai Institute of Ul-

trasound in Medicine, Shanghai, China). The transducer 

was calibrated using laser interferometry as described by 

Wu et al. []. Acoustic power of  mW,  duty cycle 

and  s exposure time were chosen for sonication treat-

ment. Transducer tip (fl at and round with a diameter of  

mm) was fixed by a holder and faced vertically upwards. 

A cell culture dish was placed just above the transducer 

surface with a thin layer of gel between them (Figure).

Cell morphology observation
To view cell morphology, we imaged adherent cells using 

scanning electron microscope (SEM) 

(Quanta , Philips, Netherlands). 

Briefly, before sonication  ml of fresh 

cell media (RPMI- with  FBS) 

containing  (v/v) of the microbubble 

contrast agent-Sonovue and  μM cal-

cein, was added into the cell culture 

dish containing adherent human pros-

tate cancer DU cells. Immediately 

( sec after sonication) cell culture me-

dia was discarded and  ml of  EM-

grade glutaraldehyde (Sigma, USA) was 

added. Preparations for SEM were per-

formed using established techniques.

Cellular viability assessment 
To identify cellular viability, propidium 

iodide (PI) (Sigma, USA), which is able 

to stain the nuclei of nonviable, mem-

brane-compromised cells with red fluo-

rescence, was added to the cell culture 

dishes containing adherent human pros-

tate cancer DU cells  min after soni-

cation producing a fi nal concentration of  μM. Propidium 

iodide (PI) was left on cells for a total of  min at room 

temperature, thereafter the cell culture media containing 

PI and calcein was removed and cells were washed twice 

with phosphate buffer solution (PBS; GIBCO, USA) and 

 ml of fresh RPMI- cell culture media (with  FBS) 

was added prior to being assayed by fluorescence micro-

scope (ZX, OLYMPUS, Japan). Merged image was used 

to show PI staining (red) of cell with calcein uptake (green).

RESULTS

Levels of intracellular calcein uptake immediately after sono-
poration
Several studies have reported that US exposure on adherent 

cells in the presence of microbubble contrast agents can in-

duce cell detachment and sonoporation [, ]. Consistent 

with these studies, the substrate was partially cleared of cells 

following US exposure in the presence of the microbubble 

contrast agent-Sonovue (Figure A). Adherent cells, which 

have not been washed away but line the border between oc-

cupied and empty region, emitted green fl uorescence under 

fl uorescence microscope duo to the uptake of calcein (Fig-

ure B). No green fl uorescence was detected for cells far way 

from the sonciation-induced detachment (Figure B). It was 

also shown that cells with calcein uptake can be roughly di-

vided into two subgroups: cells with high levels of calcein up-

take (strong green fl uorescence, Figure B) and cells with low 

FIGURE 1.  Experimental fl ow and ultrasound exposure setup. (a) Experimental fl ow 

(see details in Materials and Methods); (b) Ultrasound exposure setup. A cell culture dish 

(35 mm in diameter) containing adherent monolayer prostate cancer DU 145 cells was 

placed just above a fl at 21 kHz ultrasound transducer (13 mm in diameter) with a thin 

layer of gel between them.



 Bosn J Basic Med Sci 2012; 12 (2): 66-68

JIZHEN ZHANG ET AL.: DIFFERENT EFFECTS OF SONOPORATION ON CELL MORPHOLOGY AND VIABILITY

levels of calcein uptake (weak green fl uorescence, Figure B).

Changes in cell morphology immediately after sonoporation 

By using scanning electron microscope (SEM), it was shown 

that cells far away from the vacanted regions displayed rich 

and homogeneous distribution of microvilli on the cellular 

surfaces (Figure A). While, various changes in cell surface 

morphology for those cells surrounding the vacanted re-

gions could be detected: smooth surface (Figure B), pores 

in membrane (Figure C) and ir-

regular cell surface (Figure D). 

Changes in cell viability after sono-
poration
Under fluorescence microscope, 

it was shown that immediately 

after sonoporation, both groups 

of cells with high levels of calcein 

uptake and low levels of calcein 

uptake were viable as evidenced 

by no staining with PI (Figure 

A);  h after sonoporation, group 

of cells with low levels of cal-

cein uptake still remained viable 

(Figure A-B, negative PI stain-

ing as indicated by the long ar-

row), while group of cells with 

high levels of calcein uptake died 

(Figure A-B, PI staining changed 

from negative into positive as 

indicated by the short arrow). 

DISCUSSION

This study showed different in-

tracellular calcein uptake and 

changes in cell morphology and 

viability after sonoporation. Fur-

thermore, group of cells with 

low levels of calcein uptake re-

mained viable  h after sonopora-

tion, while group of cells with 

high levels of calcein uptake died.

Sonoporation is defi ned as forma-

tion of transient, nonspecifi c pores 

or openings in the cellular mem-

branes upon US exposure []. 

Acoustic cavitation produced by 

US exposure is believed to be the 

main physical mechanism caused 

by US exposure [, ]. Acoustic 

cavitation is the process entail-

ing bubbles formation, growth, vibration or even collapse 

in the medium under US activation []. Microbubble con-

trast agents could act as the acoustic cavitation nuclei and 

produce acoustic cavitation under ultrasound exposure []. 

It is currently believed that mechanical wounding on cells 

due to acoustic cavitation is the predominant mechanism of 

action of sonoporation []. Several studies have investigated 

the changes in cell morphology immediately after sonication 

FIGURE 2.  Diff erent levels of intracellular calcein uptake immediately after sonoporation im-

aged by fl uorescence microscope. (A, bright fi eld) The substrate is partially cleared of cells 

by sonication(as indicated by the circle). (B) Cells lining at the border between occupied and 

empty region showed roughly two diff erent levels of calcein uptake: low levels of calcein 

uptake (weak green fl uorescence as indicated by short arrow) or high levels of uptake (strong 

green fl uorescence as indicated by long arrow). Cells far away from the vacant region showed 

no calcein uptake.

FIGURE 3.  Various changes in cell morphology immediately after sonoporation. (A) SEM of ad-

herent cells far away from vacant regions, showing abundant and homogeneous microvilli on 

the cellular surface; SEM of cells lining the border between occupied and vacant regions, show 

partly smooth surface (B), pores in the membrane (arrow) (C)and irregular cell surface (D).
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[, , ]. However, results vary and most are focused on 

observing the pores in the membrane. In our study, we ob-

served diff erent changes in cell morphology immediately af-

ter sonoporation; these included: smooth surface, pores in the 

membrane and irregular cell surface . It is noteworthy that 

in our study smooth surface was the most common change 

while pores were rarely seen. One possible explanation is that 

the pores may have been resealed before cell fi xation []. 

Our study further showed that some cells containing 

high levels of calcein uptake died  h after sonopora-

tion; while those with low levels of calcein uptake sur-

vived. It has been reported that fractions of cells with 

various levels of molecular uptake of calcein can be af-

fected by changing the US exposure intensity []. There-

fore, combined with the study by Zarnitsyn et al. [], it is 

suggested that levels of molecular uptake of calcein may 

be consistent with the levels of cell membrane wounds . 

The exact mechanism regarding how cellular membrane 

wounding results in delayed cellular death is still un-

known. Several studies have reported that there is an im-

mediate calcium ion influx following mechanical wound-

ing (including sonication) [, ]. Hutcheson et al. [] 

successfully rescued up to  of cells with high levels of 

calcein uptake from apoptosis by the addition of a calcium 

ionic chelator. However, several studies also show that im-

mediate calcium ion influx after sonication is vital to the 

wound repairing [-]. Th erefore, calcium ion infl ux after 

sonication may play a complex role in sonoporation [].

However, there is still one main limitation in our study since 

we did not measure the accurate distribution of the acous-

tic fi eld in our experimental setup. Nonetheless, the aim of 

our study is not to optimize the exposure parameters, but 

to observe the changes in cell 

morphology of cells with mo-

lecular uptake under this simple 

experimental model [, ]. 

CONCLUSION

Our study showed different ef-

fects of sonoporation on in-

tracellular calcein uptake, cell 

morphology and viability. It was 

suggested that various changes in 

cell morphology may be respon-

sible for diff erent levels of intracel-

lular calcein uptake and changes 

in cell viability after sonoporation.
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Abstract

Th e objective of our study was to investigate the eff ect of Aliskiren, a renin inhibitor, on the deoxycorticosterone (DOCA) induced myocardial 

fi brosis in a rat model and its underlying mechanism. A total of  Sprague-Dawley (SD) rats underwent right nephrectomy and were ran-

domly assigned into  groups: control group (CON group: silicone tube was embedded subcutaneously); DOCA treated group (DOC group: 

 mg of DOCA was subcutaneously administered); DOCA and Aliskiren (ALI) treated group (ALI group:  mg of DOCA and  mg/

kg/d ALI were subcutaneously and intragastrically given, respectively). Treatment was done for  weeks. Sirius red staining was employed 

to detect the expression of myocardial collagen, and the myocardial collagen volume fraction (CVF) and perivascular collagen volume area 

(PVCA) were calculated. Radioimmunoassay was carried out to measure the renin activity (RA) and content of angiotensin II (Ang II) in the 

plasma and ventricle. Western blot assay was done to detect the expressions of extracellular signal-regulated kinase / (ERK/), phosphory-

lated ERK/ (PERK/) and matrix metalloproteinase  (MMP-). In the DOC group and ALI group, the CVF and PVCA were signifi cantly 

increased; the RA and Ang II levels in the plasma and ventricle were remarkably lowered when compared with the CON group. Th e RA and 

Ang II levels in the ventricle of the ALI group were signifi cantly lower than those in the DOC group. Moreover, the expressions of ERK/, 

PERK/ and MMP were the lowest in the CON group, but those in the ALI group were signifi cantly reduced as compared to the DOC 

group. ALI can inhibit the DOCA induced myocardial fi brosis independent of its pressure-lowing eff ect, which may be related to the suppres-

sion of RA and Ang II production, inhibition of ERK/ phosphorylation and MMP expression in the heart.

 ©  Association of Basic Medical Sciences of FBIH. All rights reserved
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INTRODUCTION

Myocardial fibrosis is a common pathological feature 

shared by several heart diseases at the end stage. To pre-

vent or even reverse myocardial fi brosis has been a key goal 

in the prevention and treatment of severe cardiovascular 

events including heart failure, arrhythmia and sudden car-

diac death. Studies have demonstrated that renin - angio-

tensin - aldosterone system (RAAS) plays important roles 

in the regulation of myocardial collagen metabolism and 

the occurrence of myocardial fi brosis [, ]. Evidence shows 

Aliskiren (ALI), a new rennin inhibitor, can not only lower 

the blood pressure, but improve the myocardial fi brosis and 

subsequent remodeling via its anti-infl ammatory and anti-

oxidative eff ects [, ]. Currently, the anti-fi brotic eff ect of 

ALI and its potential mechanism are less studied. Th e pres-

ent study aimed to investigate the cardioprotective effect 

of ALI on the deoxycorticosterone (DOCA) induced myo-

cardial fi brosis and its potential mechanism in a rat model. 

MATERIALS AND METHODS 

Reagents
ALI (Novartis, Switzerland), DOCA (Sigma, USA), pri-

mary antibodies against β-actin, extracellular signal kinase 

/ (ERK/), phosphorylated ERK/ (PERK/) and 

metalloproteinase- (MMP-) (Santa Cruz, USA), second-

ary antibodies, two - quinolinecarboxylic acid (BCA) (Bei-

jing Zhongshan Golden-Bridge Biotech, China), electro-

chemiluminescence (ECL) kit (Pierce), Sirius red (Beijing 

Haide Biotech, China) and radioimmunoassay kit (Beijing 

Yuanzi Biotech, China) were used in the present study.

Grouping and modelling 
A total of  Sprague-Dawley (SD) male rats weighing 

~ g were purchased from the Animal Center of An-

hui Medical University. Th e investigation conforms with the 

Guide for Care and Use of Laboratory Animals published by 
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the US National Institutes of Health (NIH Publication, th 

edition). Animals were randomly assigned into  groups 

(n= per group): control (CON) group, DOCA (DOC) 

group and ALI (ALI) group. Following anesthesia with intra-

peritoneal  chloral hydrate ( mg/kg), right nephrec-

tomy was done in these animals. One week after surgery, 

animals were given access to  NaCl and received following 

treatments. In the CON group, silicone tube was embedded 

subcutaneously in the left lower abdomen. In the DOC group, 

 mg of DOCA were embedded in the left lower abdo-

men. In the ALI group,  mg of DOCA were embedded 

in the left lower abdomen and animals were intragastrically 

treated with ALI at  mg/kg/d for  weeks. In addition, ani-

mals in the CON group and DOC group were also intragas-

trically treated with normal saline for consecutive  weeks. 

Measurement of blood pressure and sample collection
At the end of treatment, rats were intraperitoneally anes-

thetized with  chloral hydrate followed by cannulation 

of right carotid artery for the measurement of mean arte-

rial blood pressure (MABP) using a multi-channel physi-

ological recorder. Th en,  ml of blood were collected into 

the anti-coagulated tube and rats were sacrifi ced by exsan-

guinations. Th oracotomy was performed and the heart col-

lected. The atrium, major vessels and connective tissues 

were removed and the left ventricle was divided into two: 

one was fi xed in  paraformaldehyde followed by process-

ing for histological staining for collagen; the other was stored 

at -oC for the detection of protein expression by western 

blot assay. Blood was centrifuged at  rpm/min for  min 

and the plasma was collected and stored at -oC for use. 

Detection of myocardial fi brosis
Th e heart tissues were embedded in the paraffi  n and cut into 

sections followed by Sirius red staining for collagen. A to-

tal of  fi elds without blood vessels were randomly selected 

from each section and representative photographs were 

captured with Nikon camera followed by analysis using 

Image-Pro plus . image analysis system. Th e collagen area 

and total area of each fi eld were measured, and myocardial 

collagen volume fraction (CVF) was calculated as collagen 

area / total area. Th e CVFs from  fi elds were averaged and 

used as the final CVF of this sample. In addition,  fields 

with small blood vessels at cross section were randomly col-

lected, and the perivascular collagen volume area (PVCA) 

and lumen area (LA) determined. The PVCA was nor-

malized by the LA (PVCA/LA). Th e PVCAs from  fi elds 

were averaged and used as the fi nal PVCA of this sample.

Detection of renin and angiotensin II by radioimmunoassay 
Briefly, in each group,  mg of ventricle were homoge-

nized, and then the homogenate and plasma were indepen-

dently divided into two: one was kept at oC for  h which 

may facilitate the binding of renin (RA) to angiotensinogen 

producing angiotensin I (Ang I) (experiment group); the 

other was stored at oC serving as controls. Th e Ang I level 

in the experiment group and control group was measured 

by radioimmunoassay according to the manufacturer’s in-

structions. The difference in Ang I between experiment 

group and control group was normalized by the time of in-

cubation as the production rate of Ang I. The production 

rate of Ang I in unit time was defi ned as the renin activity 

of this sample and the unit was ng /ml/h. According to the 

manufacturer’s instructions, the Ang II level in the plasma 

and ventricle was also measured and its unit was pg/ml. 

Detection of ERK/, PERK/ and MMP expressions in the 
ventricle by Western blot assay
Th e ventricle was homogenized and total protein extracted 

followed by detection of protein concentration. Th en, the 

protein concentration of different sample was adjusted 

to the same level and  μg of proteins were subjected to 

polyacrylamide gel electrophoresis. Th e protein was trans-

ferred onto nitrocellulose membrane. Following washing 

and blocking overnight, the membrane was treated with 

primary antibody (:) at room temperature for  h un-

der continuous shaking. After washing, the membrane was 

incubated with secondary antibody (:) at room tem-

perature for  h under continuous shaking. Visualization 

was done using ECL kit and X-ray fi lm was obtained. Th e 

bands were scanned using Bio-Rad image system and the 

optical density (OD) was determined followed by analysis 

with Quantity-one. Th e OD of target genes was normalized 

by that of β-actin as the relative expression of target genes.

Statistical analysis
Statistical analysis was performed using SPSS ver-

sion .. Qualitative data were expressed as mean ± 

standard deviation (X±s). Means among groups were 

compared with one way analysis of variance, and com-

parisons of rate were done with chi square test. A val-

ue of p<. was considered statistically significant. 

RESULTS 

MABP in diff erent groups
Th e MABP in the DOC group and ALI group was .±. 

kPa and .±. kPa, respectively, which were mark-

edly higher than that in the CON group (.±. 

kPa) (p<.). However, there was no significantly dif-

ference between DOC group and ALI group (p>.). 
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Collagen content in the ventricle of diff erent groups
Following Sirius red staining, the collagens were scarlet and 

non-collagen tissues yellow (Figure . and .). Th e CVF and 

PVCA in diff erent groups are shown in Table . When com-

pared with the control group, the CVF and PVCA in the 

DOC group and ALI group were markedly increased (p<. 

and p<., respectively). However, the CVF and PVCA 

in the ALI group was dramatically lower than those in the 

DOC group (p<. and p<., respectively). Th is fi nding 

implies ALI improves the DOC induced myocardial fi brosis. 

RA and Ang II levels in the plasma and ventricle
The RA level of the plasma and ventricle of DOC group 

and ALI group was significantly lower than those in the 

CON group (p<. or p<.). Signifi cant diff erence in the 

RA level was found in the ventricle between DOC group 

and ALI group (p<.), but marked diff erence was absent 

in the RA level of the plasma (p>.). Th e Ang II level of 

the plasma and ventricle of the DOC group and ALI group 

was also significantly decreased when compared with 

CON group (p<.). Significant difference in the Ang II 

level was observed between ALI group and DOC in the 

ventricle (p<.) but not in the plasma (p>.)(Table ).

Protein expressions of ERK/, PERK/ and MMP- in the 
ventricle
The protein expressions of ERK/, PERK/ and MMP-

 are shown in Figure . Analysis showed the expres-

sions of ERK/, PERK/ and MMP- in the CON group 

were the lowest, followed by ALI group, and those in the 

DOC group the highest. Significant difference in the ex-

pressions of ERK/, PERK/ and MMP- was found 

between any two groups (p<.). Moreover, the expres-

sions of ERK/, PERK/ and MMP- in the ALI group 

were significantly higher than those in the CON (p<.) 

but lower than those in the DOC group (p<. or p<.). 

DISCUSSION 

In the present study, the DOCA induced myocardial fi-

brosis rat model was employed and the anti-fibrotic ef-

FIGURE 1.  Staining of collagen in the ventricle (×400; A: control; B: DOCA; C: ALI) 

FIGURE 2.  Staining of blood vessels in the ventricle (×400; A: control; B: DOCA; C: ALI) 

CON group DOC group ALI group

(n=13) (n=11) (n=12)

CVF 4.71±0.60 14.35±1.41* 8.11±1.13**#

PVCA 16.94±1.02 26.17±1.95** 21.22±1.31**##

TABLE 1.  CVF and PVCA in diff erent groups (X±s)

Note: * p <0.05 and ** p<0.01 vs CON group; 

           # p <0.05 and ## p<0.01 vs DOC group. 

CON group DOC group ALI group

(n=13) (n=11) (n=12)

Plasma RA 47.10±4.00 2.40±0.46** 2.22±0.21**

Ventricle RA 6.13±0.20 3.17±0.30* 2.17±0.20*#

Plasma Ang II 17.98±4.70 10.13±3.10* 8.05±2.60*

Ventricle Ang II 4.11±0.87 1.80±0.34* 1.12±0.22*#

TABLE 2.  RA and Ang II levels in the plasma and ventricle of dif-

ferent groups (X±s)

Note: * p <0.05 and ** p <0.01 vs CON; # p <0.05 vs ALI group. 
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fect of ALI was investigated. Our findings revealed ALI 

could improve the myocardial fibrosis demonstrated by 

Sirius red staining, reduce the RA and Ang II levels in 

the ventricle and the expressions of ERK/, PERK/ 

and MMP as compared to the DOCA treated animals. 

Myocardial fi brosis refers to the aberrant deposition of ex-

tracellular matrix (ECM) in the heart, and characterized by 

increase of collagen in the interstitium, imbalance and irregu-

lar arrangement of diff erent types of collagen. Th e imbalance 

between the synthesis and degradation of collagen is a major 

cause of myocardial fi brosis. Under the pathological condi-

tions, the proliferation and phenotype of cardiac fi broblasts 

change and these cells produce a large amount of collagens re-

sulting in imbalance between type I and type II collagens and 

subsequent deposition of collagens between myocardial cells.

MMPs play critical role in the myocardial fi brosis through af-

fecting the degradation of ECM. MMP can degrade normal 

collagens such as gelatin, elastin, collagen type IV collagen, 

type V collagen and mucin but has no infl uence on abnor-

mal collagens []. In the myocardial fi brosis, the myocardial 

interstitium is occupied by abnormal collagens (mainly type I 

and III collagens). Under pathological conditions, the MMP- 

expression is increased and then degrades the normal colla-

gens. Th us, the myocardial interstitium between myocardial 

cells loses and a large amount of abnormal collagens gener-

ated. Westermann et al. [] investigated the effect of ALI 

on the rat myocardial infarction. Th eir results showed ALI 

could reduce the deposition of collagen in the infarction re-

gion and subsequent myocardial fibrosis via reducing the 

MMP- activity. Our results also revealed the MMP- ex-

pression was markedly elevated in rats with DOCA induced 

myocardial fibrosis accompanied by increased extracellu-

lar deposition of collagen. However, following ALI treat-

ment, the MMP- expression and deposition of collagen 

were markedly decreased and myocardial fi brosis improved. 

In addition, studies have shown that RAAS plays an impor-

tant role in the regulation of collagen metabolism in the heart 

and blood vessels, and Ang II and aldosterone are two major 

eff ector proteins [, ]. Th ere is evidence that angiotensin-

converting enzyme inhibitors (ACEI), angiotensin receptor 

blockers (ARB) and aldosterone receptor antagonists can 

significantly improve the fibrosis []. However, long-term 

application of ACEI and ARB may lead to the Ang II escape 

[]. It has been confirmed that Ang II can be synthesized 

via both ACE-dependent and ACE-independent pathways. 

Continuous use of ACEI and ARB may cause accumulation 

of Ang I and activate ACE-independent pathways resulting 

in increase in Ang II. Of note, - of Ang II in the tissues 

is synthesized via ACE-independent pathways []. ALI, a 

renin inhibitor, acts on the fi rst rate-limiting step of RAAS 

chain and blocks the activation of RAAS leading to the de-

crease in Ang II and aldosterone production []. Th us, theo-

retically, ALI has potent anti-fi broric eff ect on myocardial 

fi brosis. Singh et al. [] showed, in streptomycin induced 

hyperglycemia rats, the ALI was superior to benazepril and 

losartan in improving myocardial fi brosis and apoptosis of 

myocardial cells. In the present study, the blood pressure 

was not dramatically lowered following administration of 

ALI, but the DOCA induced myocardial fi brosis was obvi-

ously improved. Studies showed the ventricular RAAS plays 

a more critical role in the myocardial fi brosis than circulation 

RAAS does [, ]. Our study further confi rmed the RA and 

FIGURE 3.  Protein expressions of ERK1/2, PERK1/2 and MMP-9 in Western blot assay (CON: control group; DOC: DOCA group; ALI: ALI 

group. *p<0.05 and **p<0.01 vs control group; #p<0.05 and # #p<0.01 vs DOCA group).
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Ang II in the circulation were largely unchanged followed 

ALI treatment, but those in the heart were dramatically de-

creased. These findings suggest the anti-fibrotic effect of 

ALI is related to the suppression of local Ang II production. 

Currently, the mechanisms underlying the anti-fi brotic eff ect 

of ALI are not completely clear. Our results showed the anti-

fi brotic eff ect of ALI may be attributed to the suppression 

of phosphorylation of ERK/ signaling pathway. In recent 

years, studies show the Ang II/angiotensin receptor  (ATR) 

mediated myocardial fi brosis is related to the ERK/ signal-

ing pathway []. Th e binding of Ang II to ATR can activate 

the phospholipase C on the cell membrane resulting in the 

hydrolysis of phosphatidylinositol phosphate and produc-

tion of diacylglycerol. Th e later promotes the release of Ca+ 

in the sarcoplasmic reticulum and endoplasmic reticulum. 

Ca+ can act as a second messenger to activate ERK/ sig-

naling pathway. Th e activation of ERK/ signaling pathway 

may facilitate the transcription of early response genes (such 

as c-fos) in the cardiac fibroblasts, skeletal muscle α-actin 

gene, β-myosin heavy chain gene and embryonic contrac-

tile protein gene and promote the expression of growth fac-

tors in fi broblasts. In addition, a large amount of ECM and 

collagen are produced, the proliferation of fi broblasts pro-

moted and expressions of Iα and IIIα increased resulting 

in myocardial fi brosis [, ]. Our results showed the ex-

pressions of ERK/ and PERK/ in the ALI group were 

markedly decreased when compared with the DOC group. 

We speculate that ALI can decrease the production of An-

gII and local RA to reduce the Ang II/ATR induced activa-

tion of ERK/, which fi nally exerts the anti-fi brotic eff ects. 

CONCLUSION

Evidence shows that RAAS plays important roles in the oc-

currence of myocardial fibrosis and ALI has anti-fibrotic 

effect via its anti-inflammatory and anti-oxidative effects. 

Th e present study demonstrates that ALI as an inhibitor of 

renin can improve the DOCA induced myocardial fi brosis, 

which may be attributed to the suppression of myocardial 

RAAS, decrease in Ang II level and inhibition of phosphory-

lation of ERK/ signaling pathway and MMP- expression. 

However, more studies are required to confi rm our results. 
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ological and pathological eff ects in the cardiovascular system. Am J 

Physiol Cell Physiol ; ():C-.
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Abstract

Trefoil Factor Family (TFF) plays an essential role in the intestinal epithelial restitution, but the relationship between TFF and gastric cancer 

(GC) is still unclear. Th e present study aimed to determine the role of TFF in repairing gastric mucosa and in the pathogenesis of GC. 

Th e TFF expression in diff erent gastric mucosas was measured with immunohistochemistry. Th en, siRNA targeting TFF or plasmids ex-

pressing TFF gene were transfected into BGC cells, SGC cells and GES- cells. Th e cell proliferation was detected with MTT assay 

and apoptosis and cell cycle measured by fl ow cytometry.

From normal gastric mucosa to mucosa with dysplasia and to gastric cancer, the TFF expression had a decreasing trend. Down-regulation of 

TFF expression signifi cantly reduced the apoptosis of three cell lines and markedly facilitated their proliferation but had no signifi cant eff ect 

on cell cycle. Over-expression of TFF could promote apoptosis of three cell lines and inhibit proliferation but had no pronounced eff ect on 

cell cycle. TFF can inhibit proliferation and induce apoptosis of GC cells in vitro.
 ©  Association of Basic Medical Sciences of FBIH. All rights reserved
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TFF1 inhibits proliferation and induces 

apoptosis of gastric cancer cells in vitro
Yanli Ge#, Junjie Zhang#, Jianchun Cao#, Qiong Wu, Longe Sun, Likun Guo, Zhirong Wang*

Department of Gastroenterology, Tongji Hospital, Tongji University, Shanghai200065, China

INTRODUCTION

Although the incidence of gastric cancer (GC) has de-

clined over the past  years worldwide, especially in 

western countries, it remains the second leading cause 

of cancer-related death and accounts for . of cancer 

deaths globally []. About  GC cases and  

cancer deaths are estimated to have occurred in  

worldwide []. More than one-half of GC patients have 

lymph node metastases when they are initially diagnosed 

or operated, which usually results in poor prognosis [-

]. Therefore, it is important to investigate the pathogen-

esis of GC, fi nd eff ective measures to prevent and treat GC. 

Th e trefoil factor family (TFF), which comprises gastric pep-

tides pS/TFF and spasmolytic peptide (SP)/TFF and in-

testinal trefoil factor (ITF)/TFF, plays an essential role in the 

intestinal epithelial restitution []. Th ey are small (~ kDa) 

protease-resistant proteins and are abundantly secreted onto 

the mucosal surface by mucus-secreting cells in the gastroin-

testinal tract. Th e TFFs share an absolutely conserved distinct 

motif of six cysteine residues that defi ne a so-called “trefoil” 

domain, which is also known as a “P” domain []. At certain 

physiological conditions, in the presence of a tissue-specifi c 

distribution, TFF plays an important role in mucosal protec-

tion and wound healing. But in malignant tissues, TFF is high-

ly expressed and correlated strongly with the genesis, metas-

tasis and invasion of tumor cells. Th ese indicate that TFF may 

be a common mediator of oncogenic responses to diff erent 

stimuli. Th e biological functions of TFF involve complex reg-

ulatory processes. TFF was fi rst discovered in breast cancer 

cell line MCF- in  [-]. In normal tissues, the main site 

of expression of TFF is the mucosal epithelial cells of gastric 

body and antrum in a site-specifi c fashion. However, under 

pathological conditions, such as ulceration, the TFF-expres-

sion of site-specifi c fashion is absent, TFF can be identifi ed 

in any damaged mucosas, and its expression is up-regulated 

to participate in gastrointestinal epithelial reconstruction 

and repair process []. However, there is lack of TFF ex-

pression in human GC. To determine the function of TFF, 

the mouse TFF gene was inactivated. Th e antral and pyloric 

gastric mucosa of mpS-null mice was dysfunctional and 

exhibited severe hyperplasia and dysplasia. All homozygous 

mutant mice developed antropyloric adenoma, and  de-

veloped multifocal intraepithelial or intramucosal carcino-

mas. Th ese results indicate that TFF is essential for the nor-
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mal diff erentiation of antral and pyloric gastric mucosa and 

may function as a gastric-specifi c tumor suppressor gene [].

Th e aim of our study is to determine the role of TFF in re-

pairing gastric mucosa and in the pathogenesis of GC. To 

this end, the TFF expression was detected in different 

gastric mucosas. Then, siRNA targeting TFF and plas-

mids expressing TFF were transfected into normal gastric 

mucosal epithelial cells (GES- cells []), highly malig-

nant GC cell line (BGC cells) and moderately malignant 

GC cell line (SGC cells), respectively, to investigate 

the effect of TFF on the biological behaviors of gastric 

mucosal epithelial cells, which provides evidence for fur-

ther investigation and application of TFF target therapy. 

MATERIALS AND METHODS

Sample collection and immunohistochemistry
GC tissues and adjacent normal and atypical hyperplasia 

gastric mucosas were obtained from  patients undergo-

ing gastroscopy at Tongji Hospital of Tongji University. 

Th e characteristics of these patients are shown in Table . 

All antibodies used for immunohistochemistry were pur-

chased from Zhongshan Goldenbridge Biotechnology CO., 

LTD (Beijing, China). All other chemicals and reagents 

were commercially available and had the highest purity. Tis-

sues were fi xed in  formaldehyde in phosphate buff ered 

saline (PBS), embedded in paraffi  n, and cut into -μm sec-

tions. Sections were heated at oC overnight, deparaffi  nzed 

with xylene twice, and rinsed in a decreasing ethanol series 

(-) for  min/solution. Samples were treated with 

 HO for  min to inactivate endogenous peroxidase. 

Antigen retrieval was done with . M Na-citrate buffer 

(pH .) in a microwave oven for  min. Sections were in-

cubated at  oC overnight in moist chambers with primary 

antibody (:) and then with biotinylated secondary anti-

body (Zhongshan Goldenbridge Biotechnology CO., LTD., 

Beijing, China, SP-Kit) for  min at room temperature, fol-

lowed by incubation with streptavidin peroxidase. Visual-

ization was done with diaminobenziding tetrachloride and 

counterstaining was performed with haematoxylin. In nega-

tive controls, the primary antibody was replaced with PBS.

Sections were observed under a light microscope and 

positive cells had brown granules in cytoplasm. Five fi elds 

were randomly selected from each section at high mag-

nification, and  cells were counted in each field, fol-

lowed by calculation of percentage of positive cells. Sec-

tions with positive cells of > was regarded as positive.

Cell culture
Two gastric adenocarcinoma cell lines (BGC cells and 

SGC cells) (Cell bank of Chinese Academic of Scienc-

es), as well as normal gastric epithelial cell line (GES- cells) 

(Tumor Institute of Beijing Medical University, China) were 

maintained in RPMI  medium (Gibco BRL, USA) supple-

mented with  fetal bovine serum (FBS; Hangzhou Sijiqing, 

China) and  μg/ml streptomycin and penicillin G (Am-

resco, USA) at  oC under  humidifi ed CO. Passaging 

was performed every  days by trypsinization (Sigma, USA).

Synthesis of TFF-siRNA and Cell  Transfection 

mRNA sequence of TFF was obtained from GeneBank. 

With Invitrogen's online design software BLOCK-iTTM 

RNAi Designer, three sites (stealth , stealth , stealth 

), and they were selected and designed to be three sets of 

targeting stealth siRNA sequence. Th e selection and design 

were based on three principles: avoiding the ' and ' end 

non-coding region, selecting the sequences with G/C ratio 

between  and  and using BLAST to exclude other cod-

ing sequences. Stealth siRNA sequences are shown in Table .

When the cell confl uence reached about ~, transfec-

tion of Stealth siRNAs and stealth RNA negative control was 

performed with LipofectamineTM according to manu-

facturer’s instructions (Invitrogen, USA). Cells transfected 

with Stealth siRNAs was defined as Stealthgroup, those 

transfect with Stealth negative control as negative control 

group, and those without transfection as blank control group.

Detection of TFF mRNA expression by RT-PCR

Total RNA was extracted with Trizol reagent (Invitrogen, 

USA). About  μg of RNA were used for reverse transcrip-

tion with random primers to synthesize fi rst strand cDNA, 

followed by conventional PCR amplification with  μl of 

cDNA as template. Th e forward primers, reverse primers and 

anticipated size of products and GAPDH are shown in Table 

. Th e volume of reaction system was  μl, and reaction con-

ditions were as follows: denaturation at  oC for  min; an-

n
Age (yr) 

(mean ± SD)

Sex

Male Female

Normal gastric mucosa 15 56±13 7 8

Atypical hyperplasia gastric mucosa 15 55±8 9 11

GC mucosa 15 56±11 12 8

TABLE 1.  Characteristics of 45 patients

siRNA target point Sequences of stealth siRNAs 

stealth_115 5’-CACUGUACACGUCUCUGUCUGGGCC-3’

stealth_144 5’-AAACCACAAUUCUGUCUUUCACGGG-3’

stealth_268 5’-AAAUUCACACUCCUCUUCUGGAGGG-3’

TABLE 2.  Sequences of stealth siRNAs

gene Primers (5’-3’) Size (bp)

TFF1 Forward: ATGGCCACCATGGAGAACAA 159

Reverse: ATTTGCACACTGGGAGGGCG

GAPDH Forward: ACCACAGTCCATGCCATCAC 452

Reverse: TCCACCACCCTGTTGCTGTA

TABLE 3.  Primers for RT-PCR
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nealing at  oC for  min; extension at  oC for  min. Th e 

products were then subjected to agarose gel electrophoresis, 

and images were captured to analyze the quality of RNA.

Determination of cell proliferation with MTT assay
Cell viability was determined by MTT assay. Different 

cell lines were seeded at /ml into -well plates, and 

then divided into blank control group, blank transfec-

tion group, stealth_ group, stealth_ group and 

stealth_ group. At  h after transfection, the cell pro-

liferation was determined by MTT assay every other  

h for  days. In brief, at designed time points, MTT was 

added into each well at a final concentration of . mg/

ml followed by incubation for  h at  oC. Th e formazan 

was dissolved by addition of dimethylsulfoxide (DMSO) 

and absorbance (A) was measured with microplate reader 

(Bio-Rad, USA) at  nm. Th e inhibition rate (IR) was cal-

culated formulas follow: IR = (-A
experiment

/A
control

)×. 

Detection of cell cycle by fl ow cytometry 
At  h after transfection, cells (× cells) were harvested 

and washed twice in cold PBS. Cells were fi xed in  etha-

nol and washed in cold PBS. Th en, the cells were suspend-

ed in  ml of propidium iodide (PI, Sigma, USA) solution 

containing  μg/ml PI,  μg/ml RNAase (Sigma, USA), 

. (w/v) sodium citrate and . (v/v) Triton X. Cells 

were incubated at room temperature in dark for at least  

min, and analyzed by flow cytometry (Beckman, USA).

Detection of cell apoptosis by fl ow cytometry
At  h after transfection, × cells were harvested. Ac-

cording to the instructions in Annexin V-FITC kit 

(Nanjing Keygen Biotech. Co. Ltd., China), cells were 

suspended in  μl of binding buffer and  μl of An-

nexin V-FITC followed by addition of  μl of PI and 

subsequent incubation for  min at room tempera-

ture in dark. Apoptosis was detected by flow cytometry.

Construction of plasmid TFF-pcDNA. and cell transfection 
Human plasmid TFF-pcDNA. was constructed and 

identified by Shanghai Shuiyuan Biotechnology Com-

pany. Cells were divided into TFF-pcDNA. trans-

fection group, pcDNA. negative control group and 

blank control group. Cells were seeded into -well 

plates. When cell confluence reached about , trans-

fection was performed with LipofectamineTM ac-

cording to manufacturer’s instructions (Invitrogen, USA).

Detection of TFF protein expression by western blot 
Total protein was extracted and  μg of proteins were 

subjected to polyacrylamide gel electrophoresis. Th en, the 

proteins were transferred onto PVDF membrane, which 

were blocked for  h at  oC in  non-fat milk and then 

incubated with mouse anti-human TFF or GAPDH 

monoclonal antibody (Santa Cruz, USA; :) for . h 

at room temperature. After washing in PBST thrice ( 

min for each), the membrane was incubated with HRP-

conjugated goat anti-mouse secondary antibody (Santa 

Cruz, USA; :) at room temperature for . h. Follow-

ing rinsing in PBS, visualization was done and images were 

captured with a Touching gel imaging system. In negative 

control group, primary antibody was replaced with PBS.

Determination of cell proliferation with MTT assay
Different cell lines were inoculated at /ml into -well 

plates, and then divided into blank control group, TFF-

pcDNA.-transfection group and pcDNA. transfec-

tion group. At  h after transfection, cell proliferation 

was measured with MTT assay every other  h for  days. 

The procedures of MTT assay were abovementioned.

Detection of cell cycle by fl ow cytometry 
At  h after transfection, cells (× cells) were harvested 

and processed with above procedures. Cell cycle was mea-

sured by fl ow cytometry.

Detection of cell apoptosis by fl ow cytometry
At  h after transfection, × cells were harvested and pro-

cessed with above procedures. Cell apoptosis was detected by 

fl ow cytometry.

Statistical analysis
SPSS version .. statistical software was employed for 

statistical analysis and data were expressed as means ± 

standard deviation (X ± s). Independent sample t-test was 

used to compare data between two groups and one-way 

ANOVA to compare date among multiple groups. If there 

were significant differences, a further least significant dif-

ference method would be used for pairwise comparison. 

A value of p <. was considered statistically significant.

RESULTS

TFF Expressionin diff erent mucosal tissues
TFF were mainly expressed in the cytoplasm of gastric 

mucosal cells. Perinuclear accumulation was the most ob-

vious and positive cells were stained brown. Th e closer to 

the cell membrane is, the deeper the color is. Th e positive 

expression rate of TFF in normal gastric mucosa was  

(/). In mucosas with dysplasia, the TFF expression was 

slightly reduced and the positive expression rate was . 

(/). From normal gastric mucosa, dysplasic mucosa to 
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GC, the TFF expression had a gradually decreasing trend, 

and significant difference in TFF expression was noted 

among groups (Table , Figure ). Th e positive expression 

rate of TFF was . in males (/) and . in females 

(/) showing no significant difference. The positive ex-

pression rate of TFF was . in patients aged ≥  years 

(/) and . in those aged < years (/) showing 

no marked difference. These results suggest that TFF ex-

pression was independent of both age and gender (Table ). 

Stealth siRNA inhibited mRNA expression of TFF 
Results from RT-PCT showed stealth siRNA significantly 

inhibited TFF expression in a time dependent manner. 

At  h after transfection, the inhibition of TFF expres-

sion was present, and then reached a maximal level at  h 

after transfection but became to reduce at  h after trans-

fection. Different stealth siRNAs inhibited the TFF ex-

pression when compared with control group and blank 

transfection group. Th e inhibitory eff ect of stealth_ was 

the most obvious and, at  h after transfection, the inhibi-

tion rate of TFF expression in GES- cells, BGC cells 

and SGC cells was ., . and ., respec-

tively. The inhibitory effect was comparable among  dif-

ferent cell lines. Although TFF expression in negative 

control group was slightly lower than that in control group, 

there was no significant difference (p>.) (Figure ).

Down-regulation of TFF reduced apoptosis rate and promoted 
cell proliferation but had no eff ect on cell cycle
MTT assay showed that the proliferation of three cell lines 

undergoing transfection with stealth siRNAs increased 

significantly at  h and  h after transfection (p<.), 

and the increase in steath_ group was the most obvi-

ous and reached a peak level at  h after transfection. Th e 

proliferation remained comparable among cells at  h,  

h and  h after transfection (p>.) (Table , Figure ).

Th e apoptosis rate of three cell lines was signifi cantly reduced 

at  h after TFF stealth siRNA transfection when compared 

with control group (p<.). Th e reduction of apoptosis rate 

in stealth_ group was most obvious and the apoptosis rate 

in BGC cells, SGC cells and GES- cells was reduced 

by ., . and ., respectively. However, there was no 

*p < 0.05 vs normal gastric mucosa

Group Total
Positive 

(N)

Negative 

(N)

Positive rate 

(%)

gender

male 28 23 5 82.1

female 27 21 6 77.8

age

≥60 yr 31 24 7 77.4

<60 yr 24 20 4 83.3

gastric mucosas

normal gastric mucosa 15 15 0 100

dysplasic gastric 

mucosa
20 16 4 85.0*

GC 20 13 7 65.0*

TABLE 4.  TFF1 protein expression in diff erent patients

FIGURE 1.  Immunohistochemistry for TFF1 in diff erent gastric mucosas. A: normal gastric mucosa. B: dysplasic gastric mucosa. C: GC.

FIGURE 2.  TFF1 mRNA expression in stealth_144 group at 48 h 

after transfection. M: DNA Marker; 1: GES-1 cells with transfection; 

2: control GES-1 cells; 3: BGC-823 cells with transfection; 4: con-

trol BGC-823 cells; 5: SGC7901 cells with transfection; 6: control 

SGC7901 cells

*p < 0.05 vs control group

group
BGC823 SGC7901 GES-1

A value IR% A value IR% A value IR%

control 1.107±0.02 1.122±0.04 0.931±0.05

blank trans-

fection 
1.113±0.10 -0.5 1.098±0.23 2.1 0.902±0.12 1.2

stealth_115 1.121±0.05* -12.6 1.30±0.11* -15.9 1.004±0.08* -7.8

stealth_144 1.129±0.12* -19.8 1.331±0.21* -18.6 1.117±0.25* -20.0

stealth_268 1.119±0.08* -10.8 1.283±0.15* -14.3 1.103±0.17* -18.5

TABLE 5.  Proliferation of BGC823 cells, SGC7901 cells and GES-1 

cells at 72 h after stealth siRNA transfection
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marked diff erence in apoptosis among cells transfected with 

diff erent stealth siRNAs .Th ere was no signifi cant alteration 

in cell cycle among stealth_ group, stealth_ group and 

stealth_ group at  h after transfection (p>.) (Table ). 

TFF protein expression after transfection with TFF-pcD-
NA.
When compared with TFF expression before transfec-

tion, the TFF protein expression in GES- cells, BGC 

cells and SGC cells was markedly increases (p<.) 

in a time dependent manner. Increase of TFF expression 

was noted as early as  h after transfection, but the TFF 

expression was similar to that in control group (p>.). 

TFF expression reached a peak level at  h after transfec-

tion but began to reduce at  h after transfection (Figure )

Over-expression of TFF promoted apoptosis, inhibited cell pro-
liferation but had no eff ect on cell cycle
MTT assay showed that cell proliferation reduced after TFF-

pcDNA. transfection,. Th e IR was the most obvious at  h 

after transfection (p<.). Th e IRs of GES- cells, BGC 

FIGURE 3.  Stealth siRNA promotes cell proliferation at 72 h after transfection (×200) A: control SGC7901 cells. B: SGC7901 transfected 

with stealth_144. C: control BGC823 cells. D: BGC823 transfected with stealth_144. E: control GES-1 cells. F: GES-1 transfected with 

stealth_144.

FIGURE 4.  TFF1 protein expression at 48 h after transfection with 

TFF1-pcDNA3.1. 1: GES-1 cells with transfection; 2: control GES-1 

cells; 3: BGC-823 cells with transfection; 4: control BGC-823 cells; 5: 

SGC7901 cells with transfection; 6: control SGC7901 cells 

Group
Cell cycle Apoptosis 

rateG
0
/G

1
S G

2
/M

Black Control 56.72±2.11 36.78±1.10 6.5±0.89 4.83±0.56

Stealth nega-

tive control
57.07±1.68 35.43±1.21 7.2±0.26 5.03±0.38

Stealth_115 57.27±1.32 35.86±1.38 6.87±0.35 2.96±0.51*

Stealth_144 55.98±1.43 36.42±1.31 7.6±0.28 2.83±0.25*

Stealth_268 56.43±1.69 37.21±1.38 6.36±0.36 3.02±0.14*

TABLE 6.  Cell cycle and apoptosis rate of BGC823 cells at 72 h 

after stealth siRNA transfection

*p < 0.05 vs control group

Groups
BGC823 SGC7901 GES-1

A IR% A IR% A IR%

Control 0.960±0.13 1.074±0.08 0.876±0.05

pcDNA3.1 

blank 
0.942±0.08 1.8 1.027±0.14 2.1 0.868±0.21 1.2

TFF1-pcD-

NA3.1
0.648±0.07* 32.5 0.754±0.11* 29.8 0.667±0.08* 23.8

TABLE 7.  Eff ect of pcDNA3.1 transfection on proliferation of 

BGC823 cells, SGC7901 cells and GES-1 cells

*p < 0.05 vs control group
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cells and SGC cells were ., . and ., respec-

tively. At  h and  h after transfection, the IR was also 

dramatically reduced when compared with control group 

(p<.). At  h and  h after transfection, there was no 

signifi cant alteration in the IR (p>.) (Table , Figure ).

The apoptosis rate of TFF-pcDNA. transfected cells 

markedly increased at  h after transfection when com-

pared with control group (p<.). The apoptosis rate 

increased from . ± . to . ± . in GES- cells, 

from . ± . to . ± . in BGC cells, and from 

. ± . to . ± . in SGC cells (Table ). Af-

ter TFF-pcDNA. transfection, the proportion of cells 

in G and G/M phase markedly decreased, while that in 

S-phase significantly increased, indicating that cells were 

arrested in S phase. The cell cycle distribution was mark-

edly diff erent from that in control group (p<.) (Table ).

DISCUSSION 

Under physioligical conditions, human TFF is mainly ex-

pressed in epithelial cells of gastrointestinal tract. TFF ex-

pression has regional and cellular selectivity, and, in nor-

mal tissues, TFF is expressed in the gastric antrum, the 

crypt of gastric body and mucosa. Low TFF expression is 

also noted in the small intestine, colon and breast epiderm. 

However, under pathological conditions, the specifi city in 

TFF expression is absent. When the gastrointestinal mu-

cosa is injured, TFF may be expressed in the injured mu-

cosa of gastrointestinal tract, and its expression is rapidly 

up-regulated to participate in the reconstruction and repair 

process of epithelial cells in gastrointestinal tract. Our study 

found that, in normal gastric mucosa, the TFF expression 

was mainly found in gastric epithelial cells, gastric pits and 

glands, which was consistent with previous study. In addition, 

TFF is now considered as a tumor suppressor, and may be 

a stomach-specifi c suppressor factor. In humans, about  

of GC patients show loss of human pS expression. It is gen-

erally believed that GC is preceded by a precancerous prog-

ress with the following well-recognized steps: normal gastric 

mucosa, chronic active inflammation, multifocal atrophy 

(gland loss), intestinal metaplasia, complete type-intestinal 

metaplasia, incomplete type-dysplasia [, ]. The accu-

mulation of many genetic and molecular changes is closely 

FIGURE 5.  TFF1-pcDNA3.1 transfection inhibited cell proliferation (48 h; ×200) A:control SGC7901 cells; SGC7901 cells with TFF1-pcD-

NA3.1 transfection; C: control BGC823 cells; D: BGC823 cells with TFF1-pcDNA3.1 transfection; E:control GES-1 cells; F: GES-1 cells with 

TFF1-pcDNA3.1 transfection

Group
Cell Cycle Apoptosis 

RateG
0
/G

1
S G

2
/M 

Black Control 56.72±2.11 36.78±1.10 6.5±0.89 4.83±0.56

pcDNA3.1 

control
55.23±1.72 37.29±3.11 7.48±0.45 4.57±0.23

TFF1-pcD-

NA3.1
46.67±2.89* 47.23±2.65* 6.10±0.54 14.38±0.89*

TABLE 8.  Changes in cell cycle and apoptosis rate of BGC823 

cells at 48 h after TFF1-pcDNA3.1 transfection (%)

*p < 0.05 vs control group
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related to the evolution []. Taupin et al. [] investigated 

the expressions of pS and ITF in diff erent gastric mucosal 

injury models. Results showed that, in the gastric mucosa 

metaplasia-dysplasia-gastric cancer process, the TFF expres-

sion was gradually reduced, and TFF expression was lost 

earlier than the diff erentiation of gastric epithelial metaplasia, 

suggesting that loss of TFF expression is an early event in 

the occurrence of GC. Our results confi rmed that TFF ex-

pression had a decreasing trend from normal gastric mucosa, 

gastric dysplasia to GC, consistent with previous findings.

In recent years, studies have shown that TFF is relevant with 

cell proliferation and apoptosis to some extents. Rodrigues et 

al. [] found that, in colon cancer cells undergoing transfec-

tion of TFF, cell dispersion was promoted possibly through 

cyclooxygenase (COX) and thromboxane A (TXA-) re-

ceptor dependent mechanism, enhancing the ability of cell 

infi ltration. Another study [] indicated that TFF played a 

dual role on the gastrointestinal cells: on one hand, TFF can 

block the transition from G phase to S phase, which inter-

rupts the gastrointestinal cell diff erentiation and reduces cell 

proliferation; on the other hand, TFF prevents chemical 

factor-induced apoptosis. Th ese reveal TFF is a regulatory 

factor of gastrointestinal cell diff erentiation. To reduce cell 

proliferation and induce diff erentiation are functional char-

acteristics of tumor suppressors. Apoptosis refers to the pro-

grammed cell death in the growth, development and diff eren-

tiation of cells and pathological environments. It is a type of 

cell death diff erent from necrosis. Recent studies have found 

that apoptosis plays a unique role in the renewing of gastro-

intestinal mucosa and in the pathological processes of some 

digestive diseases. TFF exerts its anti-tumor eff ect through 

regulating the balance between cell proliferation and apopto-

sis. Taupin et al. [] investigated the infl uence of TFF and 

its mutants on apoptosis and results showed that TFF trefoil 

domain mutant and alteration could promote cell migration, 

and increase the resistance to death during the process of 

migration. Th e mutations of trefoil domain were also detect-

able in TFF, a protein with similar structure to TFF, and 

this region is critical for the anti-tumor eff ect of TFF [].

In our study, the TFF mRNA expression was inhibited by 

Stealth siRNA transfection, and the TFF was over-expressed 

followed transfection of plasmids expressing TFF gene. Af-

ter inhibition of TFF expression by siRNA targeting TFF, 

the proliferation rate of human GC cells and normal human 

gastric epithelial cells signifi cantly increased and apoptosis 

decreased, but cell cycle was not significantly altered. Af-

ter transfection with plasmids expressing TFF, results re-

vealed the proliferation rate of human GC cells and normal 

human gastric epithelial cells signifi cantly decreased, apop-

tosis increased, and cells in G and G/M phase decreased, 

while cells in S-phase increased and cells were arrested in S 

phase, which suggest that TFF can exert important eff ects 

on cell proliferation and apoptosis. It is speculated that the 

inhibition of GC by TFF may be attributed to that it can 

regulate the balance between cell proliferation and apop-

tosis. Cell proliferation is promoted and apoptosis rate re-

duced after silencing TFF expression which breaks the bal-

ance of TFF expression. Th e biological characteristics of a 

tumor are infi nite proliferation and de-diff erentiation. Th e 

reduced TFF expression may promote the GC develop-

ment. This speculation is needed to be further confirmed. 

As a whole, despite a growing number of studies have con-

fi rmed TFF plays a crucial role in the occurrence and devel-

opment of GC, the exact mechanism of anti-tumor eff ect of 

TFF is still poorly understood and more studies are required.

CONCLUSION

In our study, we fi nd that TFF can inhibit proliferation and 

induce apoptosis of GC cells in vitro. 
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Abstract

Th e G>A FV variant has been described as a common genetic risk factor in venous thromboembolism. Th e purpose of this study was to 

provide a further frequency value for G>A FV in Poland and to collate summary data from Central (Poland, Czech, Slovakia), Eastern 

(Russia, Belarus, Ukraine) and South-Eastern (Slovenia, Croatia, Bosnia and Herzegovina, Serbia, Montenegro, Macedonia, Bulgaria) Euro-

pean countries. For this purpose in  the G>A FV variant was analyzed by polymerase chain reaction-restriction fragment length 

polymorphism from DNA collected in -. We studied  subjects:  newborns and  older individuals (mean age . y) from 

Poland and compared results with reports from other countries, as well as with the frequency trend of G>A HFE across South-Eastern 

European countries using centroid cities. From our G>A FV study we identifi ed  GG homozygotes,  GA heterozygotes, and  AA 

homozygote (n = ), giving an A allele frequency of ., and a summed frequency value for Poland of . (n = ); the frequency in 

Central European countries was . (n = ), mostly due to the high value in the Czech Republic: . (n = ); the South-Eastern Euro-

pean countries had . (n = ). Among the Eastern European countries the G>A FV allele frequency was . (n=), between the 

South-Eastern and Eastern European countries there was no signifi cant diff erence (p=.). We confi rm that the G>A FV allele frequency 

in Poland, as well as other countries compared, is signifi cantly lower than that in Czech.

 ©  Association of Basic Medical Sciences of FBIH. All rights reserved
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INTRODUCTION

Synthesized in the liver, blood coagulation Factor V (FV) 

is a multidomain glycoprotein encoded by a gene con-

sisting of  exons, located on chromosome q. The 

G>A FV transition in exon  of factor  causes an ar-

ginine to glutamine substitution (RQ) known as Fac-

tor V Leiden. This genetic disorder is characterized by 

poor anticoagulant response to activated protein C and 

is the most common risk factor for thromboembolic dis-

ease []. Major clinical observations are that the presence 

of G>A FV increases risk of deep vein thrombosis [-] 

and is also associated with a increased relative risk for preg-

nancy loss and possibly other obstetric complications [,]. 

Th e frequency of the G>A FV allele varies worldwide 

and diff erences are observed between geographic locations 

and ethnic populations: Th e G>A FV allele is very rare or 

non-existent in Asia (.) and some regions of Africa (.) 

[-]. On the other hand, Settin et al. [] has described the 

prevalence of the mutant allele at the level of . in Egypt. 

In Poland, the prevalence of the variant G>A FV has 

been previously given by several researchers [-]. One 

objective of this research was to give a larger sample size 

with a  subjects from the West Pomeranian province of 

Poland. Th is value is then compared to previous groups of 

Poles and values from other countries. Note that the popula-

tion now inhabiting the region of West Pomerania resulted 

from extensive mixing of Polish peoples from all regions of 

Poland after the Second World War and therefore can pro-

vide a representative sample for the whole of Poland [, ].

A second objective was to present summary data: to our 

knowledge summary data for G>A FV from Central 

(Poland, Czech, Slovakia), Eastern (Russia, Belarus, Ukraine) 

and South-Eastern (Slovenia, Croatia, Bosnia and Herze-
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govina, Serbia, Montenegro, Macedonia, Bulgaria) Euro-

pean countries has not been presented before. The third 

aim of this study was to provide summed frequency values 

for G>A FV in these countries, gathered from studies 

using similar methods ie. by polymerase chain reaction-

restriction fragment length polymorphism (PCR-RFLP).

MATERIAL AND METHODS

Samples
Th e experimental study was performed (in ) on a group 

of  Polish individuals, divided into two subgroups:  

newborns ( female and  male) - and  older sub-

jects (mean age . y, range: - y,  female and  

male) - all inhabitants of the West Pomeranian province 

of Poland. The older subjects, of Polish origin, were con-

secutive healthy visitors to the analytical laboratory VITA at 

Darlowo, Poland, and no exclusion criteria were used. Th e 

sub-group of newborns has been described previously []. 

All neonates were of Polish origin, with Polish grandpar-

ents, and informed consent was obtained from all parents. 

The Ethical Committee of the Pomeranian Medical Uni-

versity approved the protocol of the study (BN- //). 

Procedure
For identifi cation of the NM_.:c.G>A F altera-

tion (here designated as G>A FV) we used PCR-RFLP. 

Genomic DNA was extracted from  μL of umbilical 

blood (for newborns) or full blood (for older subjects), us-

ing the QIAamp DNA Blood Mini Kit (QIAGEN, Hilden, 

Germany). For a  μl-PCR, ~ ng of genomic DNA was 

used. The PCR mixture contained x buffer (pH ., . 

mM MgCl), . mM each of the deoxynucleoide triphos-

phates, . U Polymerase Taq (MBI Fermentas, Lithuania) 

and  pmol each of the forward and reverse primers as de-

signed by Gandrille et al. []. Primers were synthesized by 

TIB MOLBIOL, Poznan, Poland. PCRs were performed in a 

Mastercycler Gradient device (Eppendorf, Hamburg, Ger-

many) with the following temperature profi le: initial dena-

turation at ˚C for  min;  cycles of  s at ˚C,  s at 

˚C and  s at ˚C; and fi nal extension step at ˚C for 

 min. Amplifi cation was followed by digestion of a  bp 

product with Hind III restriction enzyme (’-AAGCTT-’) 

(MBI Fermentas, Lithuania) for  hours at ˚C. Th e PCR 

digestion products were separated in   agarose gels, stained 

with ethidinum bromide and recorded with a DS- Pola-

roid Instant Camera (Polaroid, Germany) using UV light 

(Transilluminator , Stratagene, La Jolla, CA, USA). Hind 

III digestion yields fragments:  bp. (homozygote GG); 

,  and  bp. (heterozygote GA);  and  bp. (ho-

mozygote AA). Genotypes of GA and AA subjects were 

also confirmed by DNA sequencing (-Avant Genetic 

Analyzer, Applied Biosystems Hitachi, Foster City, CA, USA). 

For summary trend data of G>A FV in South-Eastern 

European countries including Turkey the values are plot-

ted against latitude of centroid cities (from BRRG - Buero 

fuer Raumforschung, Raumplanung und Geoinforma-

tion, Oldenburg, Germany: http://www.brrg.de/database.

php?language= en&cId=&dId=) with latitude derived 

from Google maps (Google Inc, USA; http://www.mapcrow.

info): Centroid cities “represent the political, administrative 

and cultural centre of the region”. Graphical materials were 

developed using Designworks software (GSP Ltd, London, 

UK) and Microsoft Offi  ce (Microsoft, Redmond, WA, USA). 

Statistical analysis
Fifty-fi ve statistical comparisons (using z-tests) were made 

between all pairs of summary prevalence values for all coun-

tries studied. With Bonferroni correction a critical p-value of 

(./ = .) was used to defi ne statistical signifi cance. 

Z-tests and correlation coeffi  cients (tested by linear regres-

sion) were calculated using Statistica (data analysis software 

system, version ., StatSoft, Inc. , www.statsoft.com).

RESULTS

The frequency of the G>A FV allele in the study 

group (n = ) proved to be .. We identifi ed  GG 

homozygotes,  GA heterozygotes, and  AA homozy-

gote, conforming to the expected Hardy-Weinberg equi-

librium. This gives a summed frequency value for Poland 

of . (n = ). Th e average frequency of the G>A 
FV allele in Central, Eastern and South-Eastern Euro-

pean countries was .  and varied from . (Belarus) 

to . (Czech Republic). The frequency of G>A FV 
from our results (Table ) and summary data from other 

countries (Table ) are shown, and a map showing the 

summed frequencies for G>A FV is shown in Figure .

In Central European countries the frequency of G>A FV 
was . (n = ) and varied from . in the Czech Re-

public through . in Poland (including our study) to . 

in Slovakia [-, , , ]. Th e Czech Republic value was 

found to be signifi cantly diff erent from that in Poland, Rus-

sia, Ukraine, Slovenia, Croatia and Serbia/Montenegro, us-

Population Group
Number of 

individuals

Frequency of 

1691A FV allele (%)

Poland

Present study - newborns 400 2.3

Present study - older indi-

viduals (mean age 46 y.o)
250 1.4

Present study - whole 

group
650 1.9

TABLE 1.  Allele frequencies for 1691G>A FV in present study.
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ing two-proportion z-tests for comparisons 

between all countries studied except Turkey 

(with Bonferroni correction, p< ., Table ). 

In Eastern European countries the frequency of 

this mutant allele was . (n = ) and var-

ied from . in Russia through . in Ukraine 

to . in Belarus [, , ]. Th e prevalence 

of the G>A FV allele in South-Eastern 

European countries was . (n=) vary-

ing from . in Bulgaria to . in Croatia. 

Unfortunately no data were found for Bosnia 

and Herzegovina, despite an extensive search. 

The G>A FV variant follows a roughly 

increasing trend from West to East (Figure ). 

DISCUSSION 

In the countries examined, which are predomi-

nantly inhabited by Slavic peoples, the allele 

frequencies for G>A FV provide a mosaic 

(Figure ). In our study group the frequency 

of the G>A FV allele was consistent with 

the previous summed frequency value for Po-

land (.) [-,] and is similar to that in 

France (.) [], Switzerland [] and the 

Netherlands [-] (each .) as well as to 

that in Serbia (.) [-] and Russia (.) 

[, ]. Th is value is, however, signifi cantly dif-

ferent from that in the adjacent Czech Republic.

To our knowledge we give the first sum-

mary study of the frequency distribution of 

the G>A FV allele in Central, Eastern 

and South-Eastern European countries. A 

total of  control individuals originat-

ing from  countries in provide the value 

for the frequency (.) of this mutated al-

Country Reference

Number of

individuals

Frequency of 1691A 

FV allele (%)

per 

study

sum per 

country

per 

study

per country 

(weighted mean)

Poland

Our study 650

1588

1.9

2.0

Herrmann FH et al, 1997 [11] 200 2.5

Łopaciuk S et al., 2001 [12] 238 2.1

Seremak-Mrozikiewicz A et 

al, 2010 [15]
400 1.8

Nizankowska-Mogilnicka E et 

al, 2003 [13]
100 1.5

Czech Re-

public

Procházka M et al, 2003 [19] 2371
2819 

5.4
5.1 

Paseka J et al, 2000 [20] 448 3.3

Slovakia Hudecek J et al, 2003 [21] 152 152 1.3 1.3

Slovenia

Meglic L et al, 2003 [22] 56

526

2.9

2.5  
Petrovic D et al, 2003 [23] 115 2.2

Petrovic D et al, 2001 [24] 132 2.3

Bedencic M et al, 2008 [25] 223 3.2

Croatia

Coen D et al, 2001 [26] 155

749

2.0

1.6

Jukic I et al, 2009 [27] 200 1.8

Cikes V et al, 2004 [28] 168 1.2

Alfi revic Z et al, 2010 [29] 106 1.4

Eterović D et al, 2007 [30] 120 1.3

Bosnia and 

Herzegovina
No data found

No 

data

No 

data
 

Serbia/*Serbia 

and 

Montenegro

Kovac M et al, 2010 [31] 128

499

0.8

2.2   

Mikovic D et al, 2000 [32] 50 2.0

* Djordjevic V, et al, 2004 [33] 120 2.9

Salatić I et al, 2011 [34] 71 2.8

Djordjevic V et al, 2003 [35] 130 2.7

Macedonia Arsov T et al, 2006 [36] 130 130 3.5 3.5

Bulgaria

Boyanovsky B et al, 2001 [37] 100

506

4.5

3.6

Kovacheva K et al, 2007 [38] 80 3.1

Ivanov P et al, 2007 [39] 49 3.1

Ivanov P et al, 2008 [40] 98 3.6

Ivanov P et al, 2009 [41] 79 3.2

Ivanov PD et al, 2009 [42] 100 3.5

Russia

Baranovskaya S et al, 1998 

[43]
483

539
1.4

2.4

Avdonin PV et al, 2006 [44] 56 1.8

Ukraine Tatarsky P et al, 2010 [45] 172 172 0.9 0.9

Belarus Lipay NV et al, 2007 [46] 80 80 0.6 0.6

TABLE 2.  Allele frequencies for 1691G>A FV in Central, Eastern and South-East-

ern European countries.

*Weighted average

Country

p-value

Macedonia Bulgaria Russia Poland Belarus Ukraine Slovakia Slovenia Croatia
Serbia/ 

Montenegro

Czech Republic 0.2162 0.0413 0.0001 <0.0001 0.0098 0.0004 0.0028 0.0003 <0.0001 0.0001

Macedonia - 0.9347 0.2932 0.0854 0.0573 0.0221 0.0769 0.3478 0.0285 0.2060

Bulgaria - - 0.1069 0.0037 0.0448 0.0101 0.0414 0.1456 0.0013 0.0617

Russia - - - 0.4288 0.1445 0.0864 0.2437 0.8813 0.1459 0.7615

Poland - - - - 0.2095 0.1608 0.3978 0.3297 0.3464 0.6972

Belarus - - - - - 0.7257 0.4837 0.1310 0.3231 0.1773

Ukraine - - - - - - 0.6242 0.0728 0.3305 0.1245

Slovakia - - - - - - - 0.2121 0.6994 0.3252

Slovenia - - - - - - - - 0.1075 0.6543

Croatia - - - - - - - - - 0.2745

Serbia/Montenegro - - - - - - - - - -

TABLE 3.  p-values from two-proportion z-tests between 1691A FV frequency values of Central, Eastern and South-Eastern European 

countries. Signifi cant diff erences, after Bonferroni correction (critical p = 0.05/55 = 0.0009), are shown in bold.
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lele in these countries. However, if the Czech value is 

removed the summed frequency for the  remaining 

countries is .. These percentages indicate that future 

genetic counseling will be of some benefit in this region.

Th e reasons for this mosaic in G>A FV frequencies is 

not known. However, population movements have con-

tributed to ethnic groups, cultures and consequently in-

heritance mixing, both throughout thousands of years 

of prehistory as well as in recent documented history. 

In the Southern Slavs there is a rough upward trend for 

G>A FV in a southeasterly direction from Croatia (.) 

and Serbia (.) to Macedonia (.) and Bulgaria (.) 

(Figure ). In neighboring Turkey this trend continues in 

a southeasterly direction as the frequency is even higher, at 

. [-]. Th is trend opposes that for G>A HFE []. 

It would be interesting to fill the gaps in the data for 

G>A FV in Bosnia and Herzegovina, and it would 

be interesting to examine the prevalence of G>A 
FV in the Western Slavic group in Germany (the Sorbs). 

CONCLUSIONS

Th e frequency of the G>A FV allele in Poland, summed 

from our study and previous studies, ., was similar to 

that in most countries studied, and similar to the summed 

frequency value for all Central, Eastern and South-East-

ern countries (with the value for the Czech Republic re-

moved), ie. .. The values for Poland, Russia, Ukraine, 

Slovenia, Croatia and Serbia/Montenegro were signifi-

cantly different from that in the adjacent Czech Republic.

In the South-Eastern European countries there is a rough 

upward trend for G>A FV in a southeasterly direc-

tion, which opposes that for G>A HFE (Figure  []). 
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Abstract

Th e optic strut and the anterior clinoid process represent bony structures that are closely related to anatomically and clinically signifi cant 

elements such as the cavernous sinus, the internal carotid artery, the optic nerve and the pituitary gland. Th e objective of our study was to 

quantify dimensions of the optic strut and anterior clinoid process, and to determine variations in positions and forms of these structures. A 

descriptive anatomical study was performed on  dry human skulls. We analyzed dimensions and variations in position of the optic strut, 

dimensions of the anterior clinoid process as well as the incidence and forms of the caroticoclinoid foramen. Th e average thickness of the optic 

strut on skulls belonging to males was  mm and . mm on those belonging to females. Th e optic strut was most commonly attached to the 

anterior two fi fths on the lower side of the anterior clinoid process. On the male skulls the average width of the anterior clinoid process was 

. mm (right) and . mm (left). Its length was . and . mm. On female skulls the average width of the process was . mm (right) and . 

mm (left), while the length measured . mm on the right and . mm on the opposite side. In our sample, a complete caroticoclinoid fora-

men appeared in ., a contact form in .. At last, an incomplete form of the foramen was observed in .. Th e anatomic variations of 

the investigated structures must be considered during the approaches to the cavernous sinus and neurovascular elements of the sellar region.

 ©  Association of Basic Medical Sciences of FBIH. All rights reserved
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INTRODUCTION

Th e anterior clinoid process is a part of the roof to the cav-

ernous sinus in its frontal portion. During surgeries on tu-

mors and aneurysms in the parasellar and suprasellar region, 

the anterior clinoid process and the optic strut must be 

moved from the lesser wing of sphenoid bone to provide a 

better approach to the operating field, primarily to the in-

ternal carotid artery and the optic nerve, and to minimize 

the need for brain retraction [,]. Th e superfi cial and the 

thin deep layer of the dura cover the upper and lower sides 

of the anterior clinoid process. Removal of the anterior 

clinoid process (anterior clinoidectomy) allows a full ap-

proach to the anterior portion of the cavernous sinus and 

to the vertical segment of the internal carotid artery. It's a 

significant problem in neurosurgical procedures to find a 

massive anterior clinoid process, which by removing can 

cause optic nerve and internal carotid artery injury [].

The caroticoclinoid foramen was first described by Henle 

() as a bony foramen formed by merging of the anterior 

and middle clinoid processes’ tops. According to Williams [] 

and Lang [] this foramen is formed by the ossifi cation of the 

caroticoclinoid ligament in early childhood. Th e existance of 

this foramen is of great importance to brain surgeons since it 

disables retraction or mobilization of the cavernous segment 

of the internal carotid artery, even after release of proximal 

and distal dural ring [], as well as proper tumor extirpation 

in sellar region, especially meningeoma of the tuberculum 

sellae [, ]. A preoperative detection of caroticoclinoid fo-

ramen, particularly by CT imaging, has a huge clinical sig-

nificance, for its appearance conditions an inappropriate 

retraction of the cavernous segment of the internal carotid 

artery which can lead to its rupture with fatal outcome []. 

MATERIALS AND METHODS

Samples
As material for osteological analysis we used  dry hu-

man skulls of the osteological collection of Department of 

Anatomy at Medical Faculty, University of Sarajevo, of both 
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G E N D E R N R A N G E X±SD

♂ 109 (54.5%) 23-91 50.5±18.24 

♀ 91 (35.5%) 19-84 51.5±16.62 

TABLE 1.  Gender and age distribution of the investigated skulls
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genders and diff erent age. Out of  analyzed skulls,  or 

. belonged to males, and  or . originated from fe-

males (Table ). 

Procedure
On the osteological material we conducted following mor-

phometric measurements (using manuel caliper) and analysis:

. dimensions and variations in the position of the optic 

strut,

. dimensions of the anterior clinoid process,

. incidence and forms of the caroticoclinoid foramen.

Statistical analysis
In the study we used the method of statistical and com-

parative analysis and processed the acquired data using 

SPSS-. statistical software. The statistical analysis in-

cluded calculating basic parameters of descriptive statistics 

like mean value, standard deviation and standard error of 

the mean value for single analyzed group. The results are 

presented in tables. We tested statistical significance of 

mean values by crossing individual parameters of ana-

lyzed groups. The testing was performed by Stundent's 

t-test, and p<. is considered statistically significant.

RESULTS

The optic strut is a bony formation located between 

upper side of the body and the lesser wing of sphe-

noid bone. This formation separates optic canal 

from the medial portion of superior orbital fissure. 

 Position of the optic strut was determined based on rela-

tion between the length of anterior clinoid process and the 

distance measuring from the optic strut to the top of the an-

terior clinoid process. On examined skulls of both genders it 

has been found that the optic strut was attached to the ante-

rior fi fth of anterior clinoid process in , cases on the right 

side, and in . on the left. Its attachment to the anterior 

two fi fths of the process was registered in  on the right 

side and the . on the left side. Th e least seen positions 

of the attachment site are entirely to the front, by the base of 

anterior clinoid process – in . on the right and . on the 

left side, as well as entirely to the back, by the top of the pro-

cess - in . on the right and . on the left side (Table ). 

On all the skulls we measured the width of ante-

rior clinoid process in its base, and the length from 

the base's midline to the top as shown in Figure . 

Th e anterior clinoid process in almost every observed male 

skull was triangular in shape, its base oriented to the front 

and top to the back and medially. In eleven skulls – in . 

cases, we found the process to be quadrangular in shape.

In the total of  analyzed male skulls, the mean value 

of PCA width on the right side measured .±. mm, 

ranging between . and . mm. On the left side the 

PCA width range was between . and . mm, mean 

value . mm and standard deviation of ±.mm. The 

length of the process in males measured .±. mm 

on the right, and .±. mm on the left (Table ).

On the skulls originated from females, the mean value of 

PCA width on the right side measured .±. mm, rang-

ing from . to . mm, and .±. mm on the left, mini-

mal value being ., maximal value . mm. Th e process’ 

mean value length in females on the right side was .±. 

mm, and .±. mm on the left side (Table ). Th ere were 

statistically significant differences in mean width and in 

mean length of the anterior clinoid process between man 

and woman on the both sides of the examined skulls (p<.).

ATTACHMENT SITE RIGHT SIDE LEFT SIDE

BY THE BASE OF THE PCA* 1.4% 4.3%

ANTERIOR FIFTH OF THE PCA 11.6% 14.5%

ANTERIOR TWO FIFTHS OF THE PCA 42.0% 47.8%

ANTERIOR THREE FIFTHS OF THE PCA 37.7% 27.5%

ANTERIOR FOUR FIFTHS OF THE PCA 4.4% 5.0%

POSTERIOR FIFTH OF THE PCA 2.9% 0.9%

TABLE 2.  Location of the optic strut in relation to the anterior 

clinoid process (PCA – processus clinoideus anterior)

 
MALE FEMALE

Right Left Right Left

WIDTH
9.4±1.4 

(5.9-12.1)

9.1±1.7 

(5.8-14.0)

8.7±1.5 

(5.7-11.6)

8.3±2.1 

(4.9-12.7)

LENGTH
9.9±1.6 

(6.4-12.6)

9.3±1.4 

(6.1-14.1)

9.3 ±1.6 

(6.0-12.1)

8.9 ± 2.0 

(5.6-13.1)

TABLE 3.  Dimensions of the anterior clinoid process (width and 

length in milimetars) considering gender and side of the exam-

ined skulls. 

FIGURE 1.  The measured parameters on the anterior clinoid pro-

cess. 1-width in the base, 2-length from base to the top, 3-length 

from the top to the posterior margin of the optic strut (PCA-pro-

cessus clinoideus anterior, OP-optic strut, CO-canalis opticus). 
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The caroticoclinoid foramen (foramen caroticoclinoi-
deum) is formed when tops of the anterior and middle 

clinoid processes merge on the upper side of sphenoid 

bone. The merge can appear to be complete and incom-

plete. Aside from these two forms of the foramen, we 

also analyzed the so called contact form when there’s 

a suture between the two clinoid processes (Figure ).

The complete form of caroticoclinoid foramen on the 

total of  male skulls ( sides) was found to be bi-

lateral in only one case (Figure ), or .. Unilater-

ally, it appeared in six skulls (.), in four cases on 

the right side, and in remaining two cases on the left. 

An incomplete caroticoclinoid foramen was found in larger 

number of male skulls. It appeared bilaterally in fi ve skulls 

– . cases, and we registered this form to appear unilat-

erally in eleven male skulls (.), of which seven were 

on the right and four on the left side. In six skulls we found 

the complete form to be on one side, there was also an in-

complete form of caroticoclinoid foramen on the opposite 

side. The incidence of the contact form of the foramen 

with presence of the interclinoid suture was higher on the 

left side (.) than on the right (.) in male skulls we 

observed (Figure ). Th e contact form of the foramen was 

found bilaterally in two male skulls equaling . (Figure ).

Based on previous results, we can conclude that the 

caroticoclinoid foramen in all three forms appeared 

in  cases, which is .. It should be kept in mind 

that the entire statistics was performed on a sample 

of  sides of the investigated male skulls (Table ). 

The transverse diameter of the foramen measured in 

average .±. mm on the right, and .±. on 

the left. In male skulls with the incomplete form of 

the foramen the distance between tops of the ante-

 SIDE
COMPLETE 

FORM

CONTACT 

FORM

INCOMPLETE 

FORM

Unilaterally
Right 4 (1.83%) 1 (0.45%) 7 (3.21%)

Left 2 (0.91%) 3 (1.37%) 4 (1.83%)

Bilaterally  1 (0.91%) 2 (1.83%) 5 (2.29%)

Total  8 (3.66%) 8 (3.66%) 21 (9.63%)

TABLE 4.  The incidence of complete, incomplete and contact 

form of the caroticoclinoid foramen in male skulls (n=218)

FIGURE 2.  llustration of three forms of caroticoclinoid foramen. 

PCA-processus clinoideus anterior, PCM-processus clinoideus 

medius A – incomplete form, B – contact form, C – complete form. 

FIGURE 3.  Male skull (age 58). A complete form of the caroticocli-

noid foramen bilaterally (1).

FIGURE 4.  Male skull (age 45, lef side). Contact form of the caroti-

coclinoid foramen. 1-suture between the anterior and the middle 

clinoid process, 2-anterior clinoid process, 3-middle clinoid pro-

cess. 
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rior and middle clinoid processes measured .±. 

mm on the right side and .±. on the left. 

While analyzing female skulls ( skulls -  sides), we 

found complete caroticoclinoid foramen bilaterally in two 

skulls (.). Th e incomplete form on a single side was reg-

istered in fi ve skulls - . cases. Out of those fi ve, three 

were on the right and two on the left side. Similar to male 

skulls, incomplete caroticoclinoid foramen was found in 

larger number of female skulls as well: in fi ve skulls bilater-

ally (.) and eight skulls unilaterally (.). In the group 

of eight skulls where incomplete foramen was found unilat-

erally, fi ve were observed on the right and three on the left 

side. In three out of fi ve female skulls with unilaterally pre-

sented complete foramen there was an incomplete form 

found on the opposite side. We haven’t found the contact 

form of caroticoclinoid foramen bilaterally in female skulls. 

Incidence of this form unilaterally however was . (two 

skulls) on the left side and . on the right (one skull).

Of the  analyzed female skulls we found the 

three forms of  caroticocl inoid foramen to ap-

pear  in   cases ,  which is   . (Table  ) . 

The transverse diameter of the foramen in complete and 

contact form measured in average .±. mm on the 

right side, and .±, mm on the left. In female skulls 

with incomplete form of the foramen, the distance between 

tops of the anterior and middle clinoid processes measured 

.±. mm on the right side, and .±. mm on the left.

The total number of different forms of connection be-

tween the anterior and the middle clinoid process on 

the entire osteological sample is displayed in Table .

DISCUSSION

On male skulls, average width of the base of anterior clinoid 

process measured . mm on the right side and . mm on 

the left, maximum values being . and  mm. Its length 

measured from the base to the top was . mm and . mm. 

In female skulls the mentioned dimensions of anterior cli-

noid were less by  to  mm in average. Th e dimension of 

PCA given in our study are signifi cantly larger compared to 

the dimension given by other authors, that are refering to 

skulls of the population of Central America and East Asia 

[], while compared to the skulls of European origin in the 

study of Hauser and Di Stefano, the dimensions are simi-

lar. Th ese diff erencies could be explained by racial features. 

Along with a strong and massive anterior clinoid process 

there's an additional problem of its possible pneumatization, 

which can be visualised by CT scanning, leading to sphenoid 

and ethmoid sinus opening during clinoidectomy [, ]. 

Th e optic strut represents a bony formation that connects 

the body of sphenoid bone and its lesser wing. Positioned 

like that, the optic strut separates optic canal from the me-

dial portion of superior orbital fi ssure. Surgical procedures 

on cavernous sinus and suprasellar region demand a total 

removal of the optic strut as well as anterior clinoid process 

[]. Th e optic strut itself or its parts that are not removed can 

lead to an optic nerve or internal carotid artery injury. Th e 

strut is placed laterocaudally to the optic nerve, so to re-

move it without damaging the nerve we recommend resec-

tion in the direction from anterior and medially to posterior 

and laterally. In addition, based on analysis we conducted 

on dry skulls we advise the optic strut to be removed before 

anterior clinoid process so the process could be completely 

released. Otherwise, we risk the anterior process' bony frag-

ments that are left behind, may cause damage of the internal 

carotid and the optic nerve []. Optic strut's thickness on 

 SIDE
COMPLETE 

FORM

CONTACT 

FORM

INCOMPLETE 

FORM

Unilaterally
Right 3 (1.64%) 1 (0.54%) 5 (2.74%)

Left 2 (1.09%) 2 (1.09%) 3 (1.64%)

Bilaterally  2 (2.19%) - 5 (5.49%)

Total  9 (4.94%) 3 (1.64%) 18 (9.89%)

TABLE 5.  The incidence of complete, incomplete and contact 

form of caroticoclinoid foramen on female skulls (n=192)

 SIDE
COMPLETE 

FORM

CONTACT 

FORM

INCOMPLETE 

FORM

Unilaterally
Right 7(1.75%) 2(0.50%) 12(3.00%)

Left 4(1.00%) 5(1.25%) 7(1.75%)

Bilaterally 3(1.50%) 2(1.00%) 10(5.00%)

Total 17(4.25%) 11(2.75%) 39(9.75%)

TABLE 6.  The incidence of complete, incomplete and contact 

form of caroticoclinoid foramen on the entire sample (n=400), 

considering sides of skulls.

FIGURE 5.  Male skull (age 64). Complete (on the left) and contact 

form of the caroticoclinoid foramen (on the right). 1- caroticocli-

noid foramina, 2-interclinoid suture.
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male skulls we investigated was  mm ± . mm in average, 

and . mm ± . mm on female skulls. We observed no sta-

tistically signifi cant diff erencies regarding gender. Th e optic 

strut was most commonly attached to front two fifths on 

the lower side of anterior clinoid process ( on the right 

side and . on the left). We noticed that, when the optic 

strut had been attached to the posterior fi fth of anterior cli-

noid process (. on the right and . on the left), it was 

the thickest, with maximal values of . mm in male skulls 

and  mm in female skulls. Th ese data on size and dimen-

sions of the optic strut should be kept in mind during sur-

gical procedures on cavernous sinus and region of orbital 

apex. Knowing the precise location of the optic strut and 

its variations are very important while analyzing CT images, 

since it represents a valuable landmark in proper evaluation 

and diff erentiation of the optic canal, superior orbital fi ssure 

and anterior clinoid process on coronal and axial scans []. 

In our sample consisting of  male and  female skulls 

( sides) the complete form of caroticoclinoid foramen 

was discovered in  cases - .. Th e contact form of the 

foramen when tops of anterior and middle clinoid processes 

connect into the so called interclinoid suture [] was detect-

ed in  cases, which is . in a sample of  sides. Th e 

incomplete form was present in  cases - .. An insight 

into the results show us that the complete, contact and in-

complete forms of caroticoclinoid foramen were more often 

found in men, and were more often found on right side of the 

skulls regardless of gender. Th ere are considerable racial dif-

ferencies in the incidence of diff erent forms of the foramen 

too. In the study by Lee et al. [], the complete and incom-

plete forms of caroticoclinoid foramen were found in . 

cases, Maxi ( – quoted by Erturk) [], registered them 

in .  (among population of Central America), while Key-

ers ( – quoted by Lee) [] registered their appearance 

in . among American caucasions, predominantly on 

the left side. Azeredo et al. [] registered caroticoclinoid 

foramen in the skulls of Portuguese population in ., and 

in the study by Reisch et al. we can see that the incidence 

among Germans was . Erturk [] describe three forms 

of caroticoclinoid foramen: a complete form (complete fu-

sion of the anterior and the middle clinoid process), an in-

complete form (if the processes don't fuse completely) and 

a contact form (when the tops of the processes fuse with a 

suture inbetween). Th is author found the three forms of the 

foramen in . cases. Th e incidence of diff erent forms 

of the foramen varies within the range from . [] to 

. [] (Table ). When it's a question of side of a skull 

the foramen appeares on, most studies proclaim higher in-

cidence on the right side, with an exception of studies per-

formed in USA [], that indicate higher incidence of caroti-

coclinoid foramen on the left side, as well as more signifi cant 

number of complete or incomplete foramina bilaterally.

CONCLUSION

The autors opine that anatomical knowlege of optic strut 

and anterior clinoid process, may be clinically important 

for surgeons operating in the region of cavernous sinus 

or the surrounding structures. Our investigations may be 

helpfull for pre-operative planning. Presence of any varia-

tions may result in unnecessary injury to the complicated 

neurovascular structures in the vicinity of cavernous sinus.
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Abstract

Th e purpose of our study was to investigate the expression levels of TREM- (triggering receptor expressed on myeloid cells-) in U foam 

cells and determine whether TREM- regulates the production of tumor necrosis factor-alpha and interleukin- in these cells.

Human U cells were incubated with phorbol -myristate -acetate and then oxidized human low-density lipoprotein to induce foam cell 

formation. Oil red O staining was used to identify the foam cells. Th e production of IL- and TNF-α by U foam cells was assayed by en-

zyme-linked immunosorbent assay. Th e expression of TREM- mRNA in U foam cells was detected by reverse transcription-polymerase 

chain reaction. Moreover, U foam cells were transfected by small interfering RNA using Lipofectamine  to knockdown TREM-. 

Western blot was performed to assay protein expression of TREM- and ELISA was used to examine the eff ect of TREM- knockdown on 

IL- and TNF-α production.

PMA and ox-LDL induced U cells to form foam cells. Th e production of TNF-α and IL- was found to be signifi cantly elevated in U 

foam cells, concomitant with a signifi cant up-regulation of TREM- mRNA. TREM- siRNA was able to partially silence the expression of 

TREM- protein and remarkably inhibited TNF-α and IL- production in U foam cells, suggesting that TREM- is a positive regulator of 

TNF-α and IL- production in U foam cells.

Our fi nding that TREM- controls the production of IL- and TNF-α in U foam cells defi nes a potentially critical role of TREM- in the 

pathogenesis of atherosclerosis and implicates TREM- as a potential therapeutic target for the disease.

 ©  Association of Basic Medical Sciences of FBIH. All rights reserved
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TREM-1 is a positive regulator of TNF-α and 

IL-8 production in U937 foam cells

Yu-Shi Wang, Xiang-Jun Li*, Wai-Ou Zhao

Department of Cardiovascular, the First Hospital of Jilin University, 71 Xinmin of Chaoyang district, Changchun 130021, China

INTRODUCTION

Atherosclerosis is a complex, progressive disease that is newly 

recognized to have a strong infl ammatory component [, ]. 

In the early stage of atherosclerosis, monocytes migrate into 

the arterial intima and diff erentiate into macrophages that 

can take up oxidized low-density lipoprotein (ox-LDL) to 

stimulate diff erentiation into foam cells [, ]. Th e accumula-

tion of foam cells in the artery wall causes the formation of 

fatty streak(s), the earliest visible lesion of atherosclerosis [].

The uptake of ox-LDL by macrophages results in the pro-

duction of numerous proinfl ammatory cytokines that can 

amplify the infl ammatory response and promote the evolu-

tion of atheroma []. Interleukin- (IL-) and tumor necrosis 

factor-alpha (TNF-α) are two important proatherosclerotic 

cytokines secreted by ox-LDL-activated macrophages [-

]. Both of these molecules have been found to be up-reg-

ulated at the sites of formation of atherosclerotic plaques 

[, ]. IL- may induce the fi rm adhesion of monocytes 

to endothelial cells and mediate the intimal accumulation 

of macrophages in atherosclerotic lesions [, ], while 

TNF-α can enhance macrophage foam cell formation by in-

hibition of intracellular lipid catabolism and, therefore, con-

tribute to atherosclerotic development and progression [].

Accumulating evidence indicates that infectious processes 

may contribute to atherosclerosis []. Infectious agents, 

such as cytomegalovirus [], Chlamydop hila pneumoni-
ae [], Helicobacter pylori [], and parvovirus [], have 

been shown to augment the production of cytokines in 

macrophages and provide inflammatory stimuli that can 

accelerate atherogenesis. TREM- (triggering receptor ex-

pressed on myeloid cells-) is an activating receptor that is 

selectively expressed on neutrophils and monocytes/mac-

rophages and can be up-regulated by bacterial and fungal 

stimuli []. Engagement of TREM- on monocytes can 

trigger the release of large amounts of proinfl ammatory cy-

tokines, including IL- and TNF-α, and amplify infl ammatory 

responses [, ]. At present, it remains unclear whether 

TREM- is upregulated during foam cell formation and, if 

it is, whether TREM- regulates the production of proin-
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flammatory cytokines by macrophage-derived foam cells.

In the present study, we established an in vitro foam cell 

formation model by stimulating human myelomonocytic 

U cells with phorbol -myristate -acetate (PMA) 

and ox-LDL to investigate the expression of TREM-

 in macrophage-derived foam cells and its relation-

ship with the secretion of TNF-α and IL-. Furthermore, 

small interfering RNA (siRNA) was employed to knock-

down TREM- in order to examine TREM- effects on 

the production of TNF-α and IL- in U foam cells. 

MATERIALS AND METHODS

Cell culture and induction of foam cell formation
Human myelomonocytic cell line U was purchased 

from KeyGen Biotech (Nanjing, China) and was main-

tained in RPMI- medium (Gibco, USA) containing  

fetal bovine serum (FBS) in a  CO incubator at °C.

U cells during the logarithmic growth phase (at a den-

sity of . ×  cells/L) were stimulated with  nmol/L 

of PMA (Sigma, USA) for  h to induce the formation of 

macrophage-like U cells. After  hours of culture in 

serum-free medium, PMA-induced U cells were di-

vided into three groups and incubated with RPMI- 

medium containing  FBS (PMA group),  mg/L of 

LDL (PMA+LDL group) or  mg/L of ox-LDL (PMA 

+ ox-LDL group; Yuanyuan Biotechnology, Guangzhou, 

China). Experiments were performed in quintuplicate. Af-

ter  h of culture, supernatants were collected to measure 

the contents of TNF-α and IL-, and the cells were har-

vested for detection of TREM- mRNA expression by re-

verse transcription-polymerase chain reaction (RT-PCR).

Identifi cation of U foam cells
U foam cells were identifi ed by oil red O staining. Briefl y, 

adherent U foam cells were stained with freshly prepared 

. oil red O solution for  min. Cell nuclei were then coun-

terstained with hematoxylin solution for  min. After rinsing 

with  ethanol, cells were mounted onto glass slides with 

an aqueous mounting reagent. Stained cells were observed 

under an inverted light microscope (TE; Nikon, Japan).

RT-PCR
Total RNA was isolated from cells using the TRIzol Reagent 

(Gibco) according to the manufacturer’s protocol. Reverse 

transcription was performed using M-MLV reverse tran-

scriptase and oligo-dT primers (Fermentas, USA) following 

the manufacturer’s instructions. PCR was then carried out 

to determine the expression levels of TREM- and glycer-

aldehyde--phosphate dehydrogenase (GAPDH, control) 

mRNAs using the following parameters: pre-denaturation 

at °C for  min;  cycles of denaturation at  °C for  

s, annealing at  °C for  s, and extension at  °C for  

s; and, a fi nal extension at  °C for  min. Th e sequences 

of the TREM- and GAPDH primers were as follows: 

TREM- forward, '-TGCTGTGGATGCTCTTTGTC-' 

and reverse, '-CACAGTTCTGGGGCTGGTAT-'; 

GAPDH forward, '-ACCACAGTCCATGCCATCAC-' 

and reverse, '-TCCACCACCCTGTTGCTGTA-'. The 

PCR products were resolved by electrophoresis on a  

agarose gel containing ethidium bromide (. μg/ml). Th e 

expression level of TREM- mRNA relative to GAP-

DH transcripts was determined by densitometric scan-

ning (Gel Image system-; Tanon, Shanghai, China).

Cytokine measurement
TNF-α and IL- in culture supernatants were assayed by en-

zyme-linked immunosorbent assay (ELISA) using commer-

cial kits (Westang, Shanghai, China), according to the manu-

facturer’s instructions. Briefl y,  μl culture supernatants 

were added into the -well plate. After incubation for  h 

at  °C, the plate was washed three times with cleaning solu-

tion [TBST:  mmol/L Tris-HCl,  mmol/L NaCl , . 

(V/V) Tween ]. With the exception of the negative control, 

all the wells were supplemented with  μl of horseradish 

peroxidase (HRP)-antibody working solution and incubated 

at  °C for  h. After washing as above, a drop of substrate 

A and B were added sequentially. After incubation at  °C 

for  min, a drop of end solution was added into each well, 

and the absorbed density (OD) was detected at  nm.

siRNA transfection
Th e following two oligonucleotides encoding a TREM- siR-

NA were obtained from Dharmacon (Lafayette, USA): sense, 

’-CCGGAAGTGTATGTGATCAGAGTAAT TCAAGA-

GATTACTCTGATCACATACACTTTTTTTG-’; anti-

sense, ’-AATTCAAAAAAAGTGTATGTGATCAGAG-

TAATCTCTTGAATTACTCTGATCACATACACTT-’. 

Macrophage-like U cells induced with PMA as described 

above were used for siRNA transfection. In addition to the 

TREM- siRNA group (TREM- siRNA), an empty lipo-

some group (empty liposome) and a random siRNA group 

(negative siRNA) were used as negative controls. Transfec-

tion was performed using Lipofectamine  according to 

the manufacturer's protocol. After  h of transfection, cells 

were treated with  mg/L of ox-LDL as described above 

and subjected to detection of TREM- protein expression 

by Western blot, and TNF-α and IL- production by ELISA. 

Western blot
Western blot was performed using routine procedures. 

Briefly, total protein was harvested by cell lysis solution 
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( mmol/L Tris,  mmol/L NaCl,  mM EDTA,  Tri-

ton X-, . mmol/L sodium pyrophosphate,  mmol/L 

β-Glycerolphosphate,  μg/ml Leupetin,  mmol/L phenyl-

methylsulfonyl fl uoride, pH .) and the quantity was esti-

mated by Lowry analysis []. Cellular proteins ( μg) were 

resolved by SDS-PAGE using  polyacrylamide gels and 

transferred to polyvinylidene fluoride membranes. After 

incubation with rabbit anti-TREM- polyclonal antibody 

(:; sc-; Santa Cruz Biotechnology, Santa Cruz, 

CA, USA), rabbit anti-PKC polyclonal antibody (:; sc-

; Santa Cruz Biotechnology, Santa Cruz, CA, USA) or 

rabbit anti-GAPDH polyclonal antibody (:; sc-; 

Santa Cruz Biotechnology, Santa Cruz, CA, USA), the 

bands were detected by using an HRP-conjugated sec-

ondary antibody (:; Santa Cruz Biotechnology, Santa 

Cruz, CA, USA). The immunoblot signals were visual-

ized using the Immobilon Western Chemilum HRP Sub-

strate (WBKLS; Millipore Corporation, Billerica, MA, 

USA). The protein expression level of TREM- relative 

to GAPDH was determined by densitometric scanning.

Statistical analysis
Numerical data have been expressed as mean ± standard 

deviation (SD). Statistical analysis was performed using the 

SSPS . software package. Intergroup differences were 

compared using one-way analysis of variance (ANOVA) 

and p<. was considered to be significantly different.

RESULTS

PMA and ox-LDL induced the diff erentiation of U cells into 
foam cells
As shown in Figure A, the untreated U cells exhib-

ited the characteristic round shape. After incubation with 

PMA for  h, the majority of U cells shifted to an ame-

boid shape and began to aggregate and adhere, indicating 

the differentiation from monocytes into macrophage-like 

cells (Figure B). In the presence of ox-LDL, PMA-induced 

macrophage-like cells showed obvious foamy changes as 

many oil red O-positive lipid droplets were observed in 

the cytoplasm. Some cells showed an enlarged size due to 

uptake and accumulation of an excessive amount of ox-

LDL (Figure C). In contrast, no obvious lipid droplets 

were observed in PMA-induced macrophage-like cells with 

(data not shown) or without (Figure B) LDL treatment. 

TNF-α and IL- levels were elevated in U foam cells
To determine the effects of ox-LDL treatment on the lev-

els of TNF-α and IL- in PMA-induced U cells, ELI-

SA was performed (Figure ). The levels of both TNF-α 

and IL- in PMA+ox-LDL U cells were found to be 

significantly higher than those in PMA and PMA+LDL 

groups (all p <.): TNF-α, . ± . (PMA+ox-LDL) 

vs. .±. (PMA) and . ± . (PMA+LDL); IL-

, . ± . (PMA+ox-LDL) vs. . ± . (PMA) and 

. ± . (PMA+LDL). The levels of both TNF-α and 

IL- in PMA+LDL group were slightly higher than those in 

FIGURE 1.  PMA and ox-LDL induced the diff erentiation of U937 

cells into foam cells. (A). Inverted microscopy showed the char-

acteristically round U937 cells prior to treatment. (B). After incu-

bation with PMA for 72 h, the U937 cells shifted to an ameboid 

shape, and aggregated and adhered, indicating their diff erentia-

tion from monocytes into macrophage-like cells. (C). In the pres-

ence of ox-LDL, PMA-induced macrophage-like cells showed ob-

vious foamy changes: many oil red O-positive lipid droplets were 

observed in the cytoplasm; some cells showed an enlarged size 

due to uptake and accumulation of excessive ox-LDL (magnifi ca-

tion ×200).
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the PMA group, but there were no significant differences 

observed (p>.). These results indicated that the levels 

of both TNF-α and IL- were elevated in U foam cells.

TREM- mRNA expression was up-regulated in U foam 
cells
To examine the impact of ox-LDL treatment on the expres-

sion of TREM- mRNA in PMA-induced U cells, the 

level of TREM- mRNA relative to GAPDH was deter-

mined by RT-PCR (Figure ). The relative level of TREM-

 mRNA in PMA+ ox-LDL U cells was significantly 

higher than those in PMA and PMA+LDL groups: . ± 

. (PMA+ox-LDL) vs. . ± . (PMA) and . ± . 

(PMA+LDL) (both p<.; Figure A and B). However, 

there was no signifi cant diff erence observed in the relative 

level of TREM- mRNA between PMA and PMA+LDL 

groups (p>.). These data clearly indicated that TREM-

 mRNA expression was up-regulated in U foam cells.

TREM- siRNA partially silenced the expression of TREM- 
protein in PMA-induced U cells
To examine whether TREM- is involved in the regulation of 

TNF-α and IL- production in U foam cells, siRNA-me-

diated silencing of the TREM- gene was performed. West-

ern blot analysis indicated that the expression of TREM- 

protein was signifi cantly down-regulated in PMA-induced 

U cells transfected with TREM- siRNA, as compared 

to untransfected cells or cells transfected with empty li-

posome or negative siRNA (p<., Figure  and Table ). 

FIGURE 2.  TNF-α and IL-8 levels were elevated in U937 foam 

cells. The levels of TNF-α (A) and IL-8 (B) secreted by PMA-induced 

U937 cells in the presence of ox-LDL were determined by ELISA. 

Data have been shown as mean ± SD (n = 5). *p > 0.05 vs. PMA; 

**p < 0.05 vs. PMA; *** p < 0.05 vs. PMA+LDL.

A

B

FIGURE 3.  . TREM-1 mRNA expression was up-regulated in U937 

foam cells. The expression levels of TREM-1 mRNA in U937 foam 

cells were determined by RT-PCR. Data have been shown as mean 

± SD (n = 5). (A). Representative image showing the expression 

of TREM-1 and GAPDH mRNAs in U937 foam cells; (B). Quantita-

tive analysis of the expression level of TREM-1 mRNA relative to 

GAPDH mRNA. *p > 0.05 vs. PMA; **p < 0.05 vs. PMA; ***p < 0.05 

vs. PMA+LDL.

A

B

Group
TREM-1 (rela-

tive expression)

TNF-α content 

(pg/mL)

IL-8 content 

(pg/mL)

PMA 0.29 ± 0.03 23.54 ± 2.46 22.39 ± 2.25

PMA+ox-LDL 0.48 ± 0.05* 83.68 ± 8.24* 84.65 ± 8.25*

TREM-1 siRNA 0.32 ± 0.04# 25.35 ± 2.36# 24.43 ± 2.59#

Negative siRNA 0.58 ± 0.06* 86.28 ± 8.53* 86.58 ± 8.46*

Empty liposome 0.54 ± 0.05* 79.94 ± 8.15* 82.73 ± 8.29*

TABLE 1.  siRNA inhibited ox-LDL-induced TREM-1 expression 

and TNF-α and IL-8 secretion in U937 foam cells

Data shown are mean ± SD (n = 5). *p < 0.05 vs. the PMA group; # p < 

0.05 vs. the PMA+ox-LDL group, Negative siRNA group or Empty liposome 

group, respectively.
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In contrast, no signifi cant diff erences were noted in the ex-

pression levels of TREM- protein among untransfected 

U cells and U cells transfected with empty liposome 

or negative siRNA. Thus, TREM- was partially silenced 

by the corresponding siRNA in PMA-induced U cells.

TREM- knockdown suppressed TNF-α and IL- production in 
U foam cells
After PMA-induced U cells transfected with TREM- siR-

NA were treated with ox-LDL, the production of TNF-α and 

IL- in U foam cells was detected by ELISA. As shown in 

Figure  and Table , TREM- knockdown signifi cantly in-

hibited ox-LDL-induced TNF-α and IL- secretion in U 

foam cells. In contrast, the levels of TNF-α and IL- in foam 

U cells transfected with empty liposome or negative siR-

NA were not signifi cantly diff erent from those detected in 

untransfected cells. Apparently, siRNA-mediated silencing 

of the TREM- gene was capable of signifi cantly suppress-

ing the production of TNF-α and IL- in U foam cells. 

TREM- knockdown suppressed ox-LDL-induced up-regula-
tion of PKC expression in U foam cells
To determine whether ox-LDL treatment alters the expres-

sion of PKC protein in PMA-induced U cells, West-

ern blot was performed (Figure ). Th e expression level of 

PKC protein in the PMA+ox-LDL group was signifi cantly 

higher than that in the PMA group (p<.). However, 

TREM- knockdown significantly inhibited ox-LDL-

induced up-regulation of PKC expression in U foam 

cells. In contrast, the expression levels of PKC protein in 

foam U cells transfected with empty liposome or nega-

tive siRNA were not significantly different from that de-

tected in untransfected cells. Collectively, these results 

indicated that TREM- knockdown suppressed ox-LDL-

induced up-regulation of PKC expression in U foam cells.

DISCUSSION

Infectious agents can contribute to the pathogenesis of ath-

erosclerosis by promoting macrophage production of infl am-

matory cytokines []. Moreover, TREM- plays a critical 

role in monocyte/macrophage-mediated inflammatory re-

sponses to microbial infection []. Based on these observa-

tions, we hypothesized that TREM- may be involved in reg-

ulating the production of proinfl ammatory cytokines during 

FIGURE 4.  TREM-1 siRNA partially silenced the expression of 

TREM-1 protein in PMA-induced U937 cells. After PMA-induced 

U937 cells were transfected with TREM-1 siRNA (TS), negative 

siRNA (NS) or empty liposome (EL), and then treated with ox-

LDL, the expression levels of TREM-1 protein were measured by 

Western blot. Untransfected U937 cells untreated (PM) or treated 

with ox-LDL (PO) were used as controls. Data have been shown as 

mean ± SD (n = 5). (A). Representative image showing the expres-

sion of TREM-1 and GAPDH proteins in U937 cells; (B). Quantita-

tive analysis of the expression level of TREM-1 protein relative to 

GAPDH protein. *p < 0.05 vs. the PMA group (PM); # p < 0.05 vs. 
the PMA+ox-LDL group (PO), Negative siRNA group (NS) or Empty 

liposome group (EL), respectively.

A

B

FIGURE 5.  TREM-1 knockdown suppressed TNF-α and IL-8 pro-

duction in U937 foam cells. After PMA-induced U937 cells were 

transfected with TREM-1 siRNA (TS), negative siRNA (NS) or empty 

liposome (EL), and then treated with ox-LDL, the levels of TNF-α 

(A) and IL-8 (B) secreted by these cells were measured by ELISA. 

Untransfected U937 cells untreated (PM) or treated with ox-LDL 

(PO) were used as controls. Data have been shown as mean ± 

SD (n = 5). *p < 0.05 vs. the PMA group (PM); # p < 0.05 vs. the 

PMA+ox-LDL group (PO), Negative siRNA group (NS) or Empty li-

posome group (EL), respectively.

A

B
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foam cell formation. In the present study, we demonstrated 

that ox-LDL treatment signifi cantly up-regulate the expres-

sion of TREM- mRNA in PMA-induced macrophage-like 

cells, and TREM- knockdown remarkably inhibited ox-

LDL-induced TNF-α and IL- secretion, suggesting that 

TREM- is a positive regulator of TNF-α and IL- production 

in U foam cells. Given that TNF-α and IL- are proinfl am-

matory cytokines that play an important role during macro-

phage foam cell formation and atherosclerotic development 

and progression [-], these findings suggest a possible 

critical role of TREM- in the pathogenesis of atherosclerosis.

Multiple studies have demonstrated that TNF-α and IL- 

are up-regulated in macrophage foam cells in atherosclerotic 

plaques and involved in the potentiation of atherosclero-

sis [-]. Th e activation of p mitogen-activated protein 

kinase (MAPK) and nuclear factor κB (NF-κB) may be im-

plicated in the secretion of IL- in lipid-laden macrophages 

[], while TNF-α production may depend on the activation 

of activator protein  (AP-) [], phosphoinositide -kinase 

(PIK) and extracellular signal-regulated kinase (ERK) []. 

In the present study, we found that TREM- could control 

the release of TNF-α and IL- in U foam cells. Similarly, 

previous studies also showed that TREM--mediated TNF-α 

and IL- secretion was observed in monocytes/macrophages 

[]. Although the mechanism underlying TREM--me-

diated release of IL- and TNF-α in U foam cells is still 

unclear, the connection between TREM- and the cytokine-

inducing Toll-like receptor  (TLR)/NF-κB pathway may 

provide a clue to this mechanism []. Yang et al. [] found 

that blocking of TLR was able to substantially inhibit NF-κB 

activity and ox-LDL-induced IL- expression. Ornatowska 

et al. [] demonstrated that TREM- silencing in macro-

phages resulted in decreased expression of key proteins in 

the TLR signaling pathway. Th us, it is reasonable that the 

TLR/NF-κB signaling pathway might be involved in TREM-

-mediated TNF-α and IL- production in U foam cells.

Protein kinase C (PKC) is a family of serine/threonine pro-

tein kinases that play a key role in the regulation of the inosi-

tol phosphate/diacylglycerol signalling pathway. Upon activa-

tion, PKC enzymes are translocated from the cytosol to the 

plasma membrane and exert diverse biological functions by 

phosphorylating target proteins. Feng et al. [] found that 

PKC could promote the expression of scavenger receptor 

CD and lipid droplet-associated PAT-proteins in mono-

cytes, thus contributing to foam cell formation. Oso et al. [] 

demonstrated that inhibition of PKCbeta prevents LDL up-

take and foam cell formation by reducing scavenger receptor 

an expression in human macrophages. Another study [] 

indicated that PKC activation could modulate adipophilin-

mediated lipid accumulation in THP- macrophages. In the 

present study, we discovered that the expression pattern of 

PKC in U foam cells was similar to that of TREM-, sug-

gesting that PKC activation may be involved in TREM--me-

diated IL/TNF-α production in U foam cells. However, 

the mechanisms behind the link between PKC activation 

and TREM- link remain to be further studied. Of note, the 

PKC family consists of at least  isozymes that are divided 

into three subfamilies. Th erefore, elucidation of the roles of 

diff erent PKC isoforms in foam cell formation will lead to a 

better understanding of the pathogenesis of atherosclerosis.

At present, the mechanism underlying ox-LDL-induced 

TREM- up-regulation remains elusive. Although a natu-

ral ligand for TREM- has not yet been identifi ed, previous 

studies have shown that TREM- expression can be modu-

lated in vitro and in vivo by various TLR ligands, including 

the gram-negative bacterial lipopolysaccharide, the primary 

ligand of TLR []. Th is raises the possibility that the TLR 

signaling pathway may also be involved in ox-LDL-induced 

TREM- up-regulation. Interestingly, TREM- and TLR li-

gands have been shown to induce infl ammatory responses 

via intersecting and mutually stimulating pathways []. In 

addition, LDL oxidation is capable of inducing the forma-

tion of a number of highly reactive substances, some of 

FIGURE 6.  TREM-1 knockdown suppressed ox-LDL-induced 

up-regulation of PKC expression in U937 foam cells. After PMA-

induced U937 cells were transfected with TREM-1 siRNA (TS), 

negative siRNA (NS) or empty liposome (EL), and then treated 

with ox-LDL, the expression levels of PKC in these cells were de-

termined by Western blot. Untransfected U937 cells untreated 

(PM) or treated with ox-LDL (PO) were used as controls. Data have 

been shown as mean ± SD (n = 5). (A). Representative image 

showing the expression of TREM-1 and GAPDH proteins in U937 

cells; (B). Quantitative analysis of the expression level of TREM-1 

protein relative to GAPDH protein. *p < 0.05 vs. the PMA group 

(PM); # p < 0.05 vs. the PMA+ox-LDL group (PO), Negative siRNA 

group (NS) or Empty liposome group (EL), respectively.

A

B
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which may also directly mediate TREM- up-regulation.

As stated above, macrophage foam cell formation is a charac-

teristic feature of atherosclerotic plaques. Inhibition of foam 

cell formation and reduction of infl ammatory cytokine pro-

duction may be of therapeutic value in the treatment of ath-

erosclerosis []. Our fi nding that TREM- controls the release 

of IL- and TNF-α in U foam cells defi nes a possible criti-

cal role of TREM- in the pathogenesis of atherosclerosis and 

implicates TREM- as a potential therapeutic target for the 

disease. In animals with LPS-induced endotoxemia, block-

age of TREM- signaling by administration of either a soluble 

form of the TREM- molecule, small-molecule inhibitor or 

siRNA have been found to be able to improve animal survival 

[, , ]. If our results are verifi ed in vivo, these approaches 

might also be applicable to the treatment of atherosclerosis.

CONCLUSION

In conclusion, the present study provides evidence that, in 

U foam cells, up-regulated expression of TREM- is 

concomitant with an increase in the levels of TNF-α and 

IL-, and siRNA-mediated down-regulation of TREM- 

expression suppresses the production of TNF-α and IL-

. Apparently, TREM- can stimulate the release of TNF-α 

and IL- in U foam cells. These results suggest a criti-

cal role of TREM- in foam cell formation and the patho-

genesis of atherosclerosis and may aid in the design and 

development of new strategies to combat atherosclerosis.
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Abstract

Acute coronary syndromes (ACS) like unstable angina (UA) and acute myocardial infarction (AMI) can lead to the morbidity and mortality. 

Th e diagnosis and management of patients with ACS in the earliest times after symptom onset are considerably important in the emergency 

service. Study aimed to investigate the serum levels of heat shock protein  (Hsp ), high sensitivity C-reactive protein (hsCRP), total cre-

atine kinase (CK) activity, creatine kinase MB (CK-MB), cardiac troponin I (cTnI), leukocyte count (WBCs) and markers of oxidative stress 

in the fi rst hours of ACS and to view their diagnostic values.  patients with ACS after admission and  sex-matched healthy controls were 

included in this study. Serum Hsp , hsCRP, CK, CK-MB, cTnI, protein carbonyls, malondialdehyde as well as whole blood WBCs were mea-

sured. Th e level of hsCRP was statistically higher in patients with AMI and UA than that of control group (p<.). WBCs and oxidized pro-

tein levels were higher in AMI than in UA and control groups. cTnI was related to CK-MB in AMI and UA groups (r=., r=., p<., 

respectively) and also related with hsCRP in UA group (r=., p<.). Th e mean Hsp  level was higher by . in AMI and . in 

UA patients compared to control subjects. hsCRP may have a role in the infl ammatory response after ACS. In addition to cTnI and CK-MB, 

WBCs and hsCRP may be useful as a marker for the identifi cation of ACS patients with chest pain in early diagnosing.

  ©  Association of Basic Medical Sciences of FBIH. All rights reserved
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INTRODUCTION

Acute coronary syndromes include unstable angina and acute 

myocardial infarction in which myocardial ischemia and/

or necrosis trigger the infl ammation and subsequent repair 

processes. Oxidative stress and chronic inflammatory re-

sponses play a mysterious role in the initiation and progres-

sion of ACS [-]. Plaque rupture and subsequent throm-

bosis at the site of the plaque rupture are the most common 

underlying pathophysiologic mechanisms of ACS [,]. 

Th e defi nition of acute coronary syndrome depends on the 

specifi c characteristics of each element of the triad of clini-

cal presentation (including a history of coronary artery dis-

ease), biochemical cardiac markers such as creatine kinase-

MB isoenzme, cardiac troponins and electrocardiographic 

changes. Patients with ACS span a large spectrum of risk that 

progresses from UA to non-ST-elevation myocardial infarc-

tion and to ST-elevation myocardial infarction []. Detect-

ing patients in the early hours of ACS is still a challenge for 

emergency physicians. For instance, the ECG is often non-

diagnostic for acute chest pain, and in fact, the sensitivity 

of the baseline ECG for detecting AMI is only , and up 

to  of patients with ACS have no chest pain []. Misdi-

agnosis has been reported to be the main cause of treatment 

delays []. In last decade, routine serum markers (CK-MB, 

cTnI and T, myoglobin) of myocardial injury in acute coro-

nary cases refl ect only the abnormalities of the infl ammatory 

milieu and plaque rupture. However, novel identifi ed serum 

substances are the components of vascular inflammation 

and/or atherosclerotic plaque instability have drawn recent 

attention for their ability to portend acute clinical events and 

their outcomes. Within a number of markers, hsCRP and 

Hsp  are suggested as a risk marker of ACS in the litera-

ture [-]. Little is known about the utility of these biomark-

ers in combination and relationship with the other markers. 

In this study, we investigated the serum levels of hsCRP, Hsp 

, total CK activity, CK-MB, cTnI, WBCs and markers of 

oxidative stress (protein carbonyls, a marker of protein oxida-

tion; malondialdehyde, a marker of lipid peroxidation) in the 

fi rst hours of ACS in patients who were admitted to the Emer-

gency Department (ED) for typical chest pain and diagnosed 

as ACS. In addition, we review the diagnostic values of CK-

MB, cTnI, hsCRP, Hsp  and WBCs in view of ROC (receiv-

er operation characteristic) curve analysis in the early assess-
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ment (ie, within - h of symptom onset) of suspected ACS in 

the ED and critically review oxidative stress in ACS patients.

MATERIALS AND METHODS

Patients and Procedures
The local ethical committee approved procedures used in 

this study. Patients with ACS who attended the ED of On-

dokuz Mayıs University Hospital were included in this pro-

spective study after they had given informed consent. Th e 

patients with typical chest pain were enrolled in the study 

upon arrival to the ED within - h of the onset of symp-

toms. Typical chest pain was defi ned as squeezing pain over 

the precordial area radiating to the neck, arm, back or epi-

gastric region accompanied by sweating, nausea, vomiting 

or syncope. Furthermore, this chest pain was no relieved 

by rest or no response by sublingual nitroglycerin. Atypi-

cal chest pain was defined as pleuritic, induced by palpa-

tion, confi ned to one point of the anterior chest wall, lasting 

only a few seconds or lasting for many hours []. Follow-

ing initial clinical evaluation, all patients had a standard 

-lead ECG, and biochemical markers were assessed. Sex-

matched twenty healthy volunteers with no chest pain or 

clinical evidence of heart disease served as controls. His-

tories, physical examination, chest radiography, ECG, ex-

ercise ECG testing and routine laboratory tests showed 

that the controls had no evidence of coronary heart disease.

According to the changes in ECG fi ndings and cardiac en-

zymes, patients were divided into two groups; a) myocardial 

infarction with ST elevation and without ST-elevation, and 

b) unstable angina pectoris. Th ese groups were commonly 

classified under the category “acute coronary syndrome”. 

Patients with typical chest pain ongoing > min,  mm ST-

elevation in at least two adjacent precordial leads, > mm in 

standard leads were classifi ed as “ST-elevation myocardial 

infarction”. Patients without ST-elevation were classifi ed as 

“non-ST-elevation myocardial infarction” or “unstable angina 

pectoris” according to the changes in CK-MB and cTnI lev-

els []. When ACS was diagnosed, patients were admitted 

to the cardiac unit. All patients underwent coronary angio-

gram as a routine working up except healthy controls. Sig-

nifi cant coronary artery disease was the presence of positive 

angiogram results at least  narrow in coronary artery. 

Laboratory assays
Blood samples were taken from ACS patients upon arrival 

to the ED. Also, blood was taken from the control subjects. 

Leukocyte count was measured in the whole blood by LH-

 Beckman Coulter analyzer. Th e serum was separated by 

centrifugation from other venous blood sample, and then 

hsCRP, cTnI, total CK, and CK-MB (mass) analyzed by clini-

cal chemistry laboratory and separated serum for the other 

tests stored at -ºC until analysis. Circulating hsp  was 

measured with ELISA kit (EKS-, Stressgen) in the serum 

samples. Lipid peroxidation in serum was estimated spectro-

photometrically by the tiobarbituric acid-reactive substance 

(TBARS) method with slight modifi cations and expressed 

in terms of malondialdehyde (MDA) []. Measurements 

of protein (carbonyl) oxidation in the serum samples were 

made by the method of Evans et al. [] with slight modifi ca-

tions. Carbonyl concentration (nmol mg- of protein)= nmol 

ml- of carbonyl groups/protein concentration in mg ml-. 

Statistical analysis
All statistical analysis was performed with SPSS software 

(SPSS, release ., Inc, Chicago, ILL). Data was tested for 

normality assumption. Th ey were not normally distributed. 

Th erefore non-parametric statistical analyses were used for 

all comparisons. Kruskal-Wallis test was used to determine 

the statistical signifi cance of the diff erences in the groups. 

Then Mann-Whitney-U test (with Bonferroni correction) 

was used for comparisons between groups. ROC curves for 

the variables which have signifi cant eff ect on ACS drawn to 

indicate the diagnostic values of test variables. Also, we cal-

culated the Spearman Correlation Coeffi  cient between the 

levels of serum parameters. We summarized continuous vari-

ables with mean ± standard deviation, categorical variables 

with percentages. At the . signifi cance level the means 

of any two groups marked with the same letters indicate sta-

tistically non signifi cant groups for each serum parameter. 

RESULTS

The general characteristics of the patients and control 

groups are shown in Table . As expected, all patients 

were more probably to have history of hypertension, dia-

betes, hyperlipidemia, smoking and family history of coro-

nary heart disease than controls. As presented in Table 

, the mean level of Hsp  was higher by . in pa-

Characteristics

Group I: 

Acute Myocardial 

Infarction 

 (n= 45)

Group II: 

Unstable 

Angina 

(n= 25)

Group III: 

Controls 

(n= 20)

Age, y (mean ± SD) 

Male/Female, n 

Coronary risk factors; n (%) 

   Hypertension 

   Diabetes mellitus 

   Hyperlipidemia 

   Smoking 

   Increased age (> 65 years) 

   Family history of coronary 

   artery disease 

62.88 ± 12.98 

35/10 

 

22 (48.9%) 

15 (33.3%) 

12 (26.7%) 

22 (48.9%) 

25 (55.6%) 

 4 (8.9%)

58.24 ± 9.93 

19/6 

 

21 (84.0%) 

 9 (36.0%) 

12 (48.0%) 

14 (56.0%) 

 7 (28.0%) 

 2 (8.0%)

52.45±8.35

11/9 

 

0 

0 

0 

3 (15.0%) 

0 

0

TABLE 1.  Characteristics and risk factor profi le in all study groups.
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tients with AMI and . in patients with UA compared 

to control subjects. But no statistically difference was 

obtained for Hsp  levels among the groups (p>.). 

The levels of hsCRP in serum were significantly higher in 

patients with AMI and UA compared to control group 

(p<.). However, its mean value was found higher by . 

in patients with AMI when compared to UA group. Total 

CK levels were signifi cantly elevated in 

patients with ACS as compared to levels 

in the control group (p<.). CK-MB 

and cTnI used to be the standard mark-

ers for diagnosing AMI; however, cTnI 

has proven more accurate in confi rming 

or excluding AMI. The levels of these 

tests in serum were found signifi cantly 

higher in patients with AMI when com-

pared to control group (p<.). Also, 

CK-MB and cTnI levels were observed 

higher in patients with UA compared to 

control subjects. WBCs in AMI patients 

were measured over reference count 

(p<.). In addition, mean leukocyte 

counts in patients with UA were mea-

sured higher by . with respect to 

control group. Mean serum MDA was 

raised by , in patients with AMI 

and . in UA patients compared to 

control group. Similarly, serum protein 

carbonyls value was significantly in-

creased in patients with AMI (p<.). 

However, its mean value was higher 

(by .) in patients with UA compared 

to control group. The Spearman’s cor-

relation coefficients of CK-MB and 

cTnI were significant in AMI and UA 

groups (r=., r=., p<., re-

spectively). Also, the correlation coef-

ficient between hsCRP and cTnI was 

signifi cant (r=., p<.). We found 

statistically significant correlations be-

tween WBC and hsCRP in AMI and UA 

groups (r=., p=., r=., p=., 

respectively). Diagnostic values for CK-

MB, cTnI, Hsp , hsCRP and WBCs 

to diff erentiate the groups were shown 

in Figures , ,  and their legends. 

DISCUSSION

Prompt recognition of a patient with 

an ACS is very important since ap-

propriate therapy can markedly improve the prognosis of 

patients. New cardiac biomarkers have emerged as strong 

predictors of risk among patients presenting with ACS. Im-

portantly, these biomarkers assess diff erent pathophysiologi-

cal mechanisms in myocardial ischemia: increases in cTnI 

indicate myocardial necrosis [], CK-MB raises within - 

h of cardiac ischemia/necrosis [], hsCRP, a marker of in-

FIGURE 1.  The diagnostic value of CK-MB, cTnI, Hsp70, hsCRP and WBCs tests to diff eren-

tiate between AMI and UA groups

Patients with coronary artery disease

Parameters
Acute 

Myocardial 

Infarction (n= 45)

Unstable 

Angina 

(n= 25)

Healthy 

Controls 

(n= 20)

P*

Hsp 70 (ng/ml) 9.51 ± 11.34a 7.39 ± 4.32a 6.45 ± 0.87a p>0.05

hs-CRP (mg/L) 48.58 ± 58.50a 38.25 ± 65.30a 3.15 ± 6.09b p<0.001

total CK (U/L) 1098.13 ± 1891.04a 193.56 ± 236.81b 81.45 ± 39.46c p<0.01

CK-MB (ng/ml) 79.38 ± 104.58a 13.02 ± 32.80b 0.70 ± 0.54c p<0.001

cTn I (ng/ml) 29.16 ± 35.37a 3.53 ± 12.16b 0.03 ± 0.15c p<0.001

WBCs (103/μL) 12086.6 ± 4518.4a 9488.0 ± 2772.9b 8340.0 ± 1994.5b p<0.01

MDA (μmol/L) 0.804 ± 0.801a 1.086 ± 0.736 b 0.574 ± 0.342a p<0.05

Protein carbonyls 

(nmol/mg protein)
3.28 ± 1.16a 2.25 ± 0.87b 2.09 ± 0.72b p<0.05

TABLE 2.  Serum Hsp 70, hsCRP, total CK, CK-MB, cTn I, WBCs, MDA and protein carbonyls 

levels in patients with coronary artery disease.

*The diff erent letters indicate statistically signifi cant groups for each parameter.

Test Result 

Variable(s)

Area Under 

the Curve
Std. Error P (b)

Asymptotic 95% 

Confi dence Interval

Lower Bound Upper Bound

CK-MB .815 .055 <0.001 .707 .923

cTnI .796 .056 <0.001 .685 .907

Hsp70 .665 .074 0.028 .521 .809

WBCs .647 .070 0.051 .511 .783

Hs-CRP .600 .074 0.183 .454 .746

Legend for Fig. 1

bNull hypothesis: true area = 0.5
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flammation, is increased in patients with ACS []. Eleva-

tions in WBCs have been associated with the development 

of coronary artery disease and AMI []. Hsp  levels are 

independently associated with a higher risk of ACS [].

Usually, it is accepted that CK-MB and cTnI are consider-

ably important as AMI indicators in patients with ACS along 

with chest pain and ECG fi ndings. In our study, statistically 

signifi cant diff erences were obtained for the levels of these 

tests between the groups (Table ). CK-MB and cTnI are 

gold markers in detecting AMI patients among subjects 

with ACS. CK-MB may set to differentiate between AMI 

and UA in the fi rst hours of ACS as shown in Figure  and 

legend. By the way, these tests were observed to be an el-

evation in UA patients when compared to healthy control 

group. As a result of this fi nding, both test levels in patients 

with ACS might be sensitive signs to change from UA to 

AMI. Because during acute presentation of symptoms, there 

is a more contemporary continuum of events that begin with 

plaque rupture or erosion that lead to UA, and may prog-

ress to non-Q wave and Q-wave AMI at any moment []. 

Along with these explanations, patients with UA prior to 

AMI may be evaluated by CK-MB and 

cTnI leakage, and less Q-wave activity 

than patients with AMI of sudden on-

set []. Some UA patients with an ab-

normal CK-MB, cTnI and hsCRP may 

imply a transient myocardial ischemia 

in relation to duration ischemic epi-

sodes. Frequently, these patients are at 

high immediate risk for cardiac events. 

A number of studies have noted that 

the pathophysiology of coronary artery 

disease involves infl ammation [, , ]. 

Th e hsCRP assays can detect low-grade 

infl ammatory activity within the vascu-

lar system, which helps predict the fi rst 

or recurrent coronary events []. In the 

present study, serum hsCRP levels were 

determined to be higher in UA patients, 

and highest in AMI patients with re-

spect to control individuals. Interesting-

ly, its value rises in parallel to the levels 

of increased CK-MB and cTnI in UA 

and AMI patients as indicated in Table 

. In prior studies, Tanaka et al. [] re-

ported that patients with plaque rupture 

at the culprit site showed higher hsCRP 

levels in the acute phase of AMI. Liuzzo 

et al. [] showed that patients present-

ing with UA who had increased plasma 

levels of CRP (≥ mg/L). A scientific 

statement of the Centers for Disease Control and Prevention/

American Heart Association proposed a cutoff  of  mg/L as 

more suitable when the predictive value of CRP was assessed 

in ACS []. According to our fi ndings, an increased hsCRP 

level in UA and AMI, in the absence of systemic infl amma-

tory disease, is a more likely to refl ect widespread activation 

of infl ammatory cells. Also, Hansson has indicated that the 

levels of C-reactive protein and interleukin- are elevated in 

patients with UA and AMI, with high levels predicting worse 

prognosis []. Th e use of hsCRP may signifi cantly add to 

our ability to correctly identify patients presenting with ACS 

who are at high risk for future cardiovascular events. In ad-

dition to CRP, the other marker of infl ammation and plaque 

instability is WBC count. Elevations in leukocyte count have 

been associated with adverse clinical outcomes and a high-

er mortality rate in the setting of ACS []. Indeed, platelet 

activation and markers of inflammation have been associ-

ated with coronary artery disease and ACS []. In our study, 

WBC count was measured high in patients presenting AMI, 

however it was elevated (by .) in UA patients with re-

spect to reference count. Madjit et al. [] reported that leu-

FIGURE 2.  The diagnostic value of CK-MB, cTnI, Hsp70, hsCRP and WBCs tests to diff eren-

tiate between AMI and control groups.

Test Result 

Variable(s)

Area Under 

the Curve
Std. Error P (b)

Asymptotic 95% 

Confi dence Interval

Lower Bound Upper Bound

cTnI 1.000 .000 <0.001 1.000 1.000

CK-MB .994 .008 <0.001 .978 1.010

hsCRP .806 .079 0.007 .652 .960

WBCs .777 .081 0.014 .617 .936

Hsp70 .672 .108 0.128 .460 .884

Legend for Fig. 2

bNull hypothesis: true area = 0.5
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kocytosis was an independent predictor of AMI. As a result 

of our study finding and literature reports [, ], leuko-

cyte count in the fi rst hours of ACS may be useful as diag-

nostic or prognostic indicator in patients with AMI or UA.

On the other hand, an elevated leukocyte count and en-

hanced oxidative stress has been implicated in the patho-

genesis of coronary artery disease and ACS [, , , , ]. 

Coronary atherosclerosis, the most common pathological 

process underlying cardiovascular disease, represents a state 

of heightened oxidative stress characterized by lipid and 

protein oxidation in vascular wall [, ]. In relation to this 

issue, fi ndings of our study indicated that MDA was raised 

in the serum of UA patients and protein carbonyls in se-

rum were increased in patients with AMI. Th erefore, these 

results indicate the presence of oxidative stress in patients 

with ACS. Similarly, Serdar et al. [] have demonstrated 

to increases serum lipid and protein oxidation in the first 

hours of ACS in patients with UA and AMI. Kostner et al. 

[] have shown that lipid peroxidation in serum is signifi -

cantly higher in UA as compared to patients with stable an-

gina and to controls. Based on the results of scientifi c stud-

ies along with our findings, oxidative 

stress in ACS is an important event. 

It may lead to endothelial dysfunc-

tion and plaque disruption in patients.

Heat shock proteins protect against cell 

damage and apoptosis. Their expres-

sion is up regulated upon exposure to 

stressful conditions such as ischemia, 

hypoxia, oxidative damage, mechani-

cal shear stress, and inflammatory re-

sponse. It has been shown that Hsp  

protects cells against ischemic cardiac 

damage. Dybdahl et al. [] had indi-

cated that Hsp  was rapidly released 

into circulation after AMI. They have 

shown that circulating Hsp  is related 

to the extent of myocardial damage af-

ter admission to the emergency unit at 

six hours and suggested as a marker of 

myocardial injury. Valen et al. [] re-

ported that Hsp  (also called Hsp ) 

was increased in atrial tissue of patients 

with UA. A recent work has demon-

strated that plasma levels of Hsp  are 

markedly higher in patients with ACS 

within  h of the onset of symptoms 

than in the controls, and also Hsp  

levels are higher in ACS than in stable 

angina []. However, mean serum level 

of Hsp  in the current study was high-

er in AMI and UA with respect to health controls. It seems to 

be Hsp  increases along with hsCRP in patients with ACS 

as shown in Table . Th erefore, it might have a role in the in-

fl ammatory response against myocardial ischemia or necrosis.

CONCLUSIONS

As shown in Figures , ,  and legends, ROC curve analyses 

indicated that CK-MB and cTnI provided the highest diag-

nostic accuracy for discriminating between patients in AMI 

and UA. After these tests, Hsp  has a higher diagnostic 

value for separating rather than WBCs and hsCRP (legend 

for Fig.). The levels of cTnI and CK-MB have the high-

est diagnostic value for discriminating between individuals 

in AMI and health controls. According to ROC analysis re-

sults, WBCs and hsCRP have also high diagnostic accuracy 

with respect to control (legend for Figure ). Patient popula-

tion and healthy controls in this study are too small to allow 

any diagnostic and prognostic conclusions in ACS. Further 

investigation with large patient population and controls are 

required to confi rm these fi ndings in the prospective studies.

FIGURE 3.  The diagnostic value of CK-MB, cTnI, Hsp70, hsCRP and WBCs tests to diff eren-

tiate between UA and control groups.

Test Result 

Variable(s)

Area Under 

the Curve
Std. Error P (b)

Asymptotic 95% 

Confi dence Interval

Lower Bound Upper Bound

cTnI 1.000 .000 <0.001 1.000 1.000

CK-MB .898 .055 <0.001 .790 1.007

Hs-CRP .729 .096 0.056 .540 .918

WBCs .641 .109 0.240 .428 .854

Hsp70 .513 .110 0.913 .297 .729

Legend for Fig. 3

bNull hypothesis: true area = 0.5
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Abstract

Nowadays, emergence and prevalence of MRSA (Methicillin Resistant Staphylococcus aureus) strain have become a great global concern in 

st century, so, it is necessary to discover new antibiotics against this pathogen. Th e aim of this study was isolation and evaluation marine bac-

teria from the Persian Gulf in order to fi nding antibiotic compounds against some pathogenic bacteria. For this purpose, water and sediment 

samples were collected from the Persian Gulf during March to October . Th e antibacterial activity of the isolated bacteria was assessed 

using disc diff usion method. Th e Growth Curve Interference (GCI) parameter against MRSA was determined for the high potential antibiotic 

producing strain. Th e most important factors aff ecting fermentation conditions in antibiotic production were also optimized. Defi nite iden-

tifi cation of intended isolate was confi rmed by S rRNA sequencing. Altogether,  bacterial colony was isolated and among them only  

bacterium showed antibacterial activity. Pseudoalteromonas piscicida PG- isolated from a sediment sample was chosen as the best antibiotic 

producing strain. Th is strain was eff ective against all tested Gram-positive bacteria, had good anti-MRSA activity and also GCI value against 

MRSA was two times lower than MIC value. Among the optimized fermentation parameters, carbon and nitrogen sources play major role in 

effi  cacy of optimized antibiotic production. Ultrastructural study on the eff ect of intended antibiotic compounds on MRSA using TEM re-

vealed that the target site for this compound is cell wall. Considering the antibacterial eff ect of PG- strain especially against MRSA, intended 

antibiotic compounds can gives hope for treatment of diseases caused by multi-drug resistant bacteria.

 ©  Association of Basic Medical Sciences of FBIH. All rights reserved
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INTRODUCTION

Despite the use of antibiotics for nearly eight decades, infec-

tious diseases continue to have an impact on human health 

and cause morbidity and mortality worldwide. In recent de-

cades, the growing emergence of multi-drug resistant bacteria 

(MDRB) has caused one of the major challenges for infectious 

disease treatment. Methicillin Resistant Staphylococcus aure-
us (MRSA) causes a wide range of diseases from skin infec-

tions to invasive diseases such as necrotizing pneumonia, has 

become one of the greatest challenges for modern antimicro-

bial therapy in both industries and developing countries, par-

ticularly because due to multi-drug resistant strains. Presently, 

three diff erent types of MRSA have been described: hospital-

acquired MRSA (HA-MRSA), community-acquired MRSA 

(CA-MRSA) and lifestock-associated MRSA (LA-MRSA). 

Th ese strains are world-widely distributed and cause medi-

cation failure in clinical cases. MRSA strains have acquired 

a mobile genetic element called staphylococcal cassette 

chromosome (SCCmec), carrying mecA encoding a penicil-

lin-binding protein (PBPa) with low affi  nity to beta-lactam 

antibiotics [, ]. Th e most frequent SCCmec types found in 

hospital isolates are I, II and III; also type IV is associated with 

community-acquired strains. Now, however, nosocomial in-

fections are major problem around the world due to increas-

ing bacterial resistance to classical antimicrobials and search-

ing for new antibacterials with new antibacterial mechanisms 

is of great urgent. From the early s, research groups 

began to concentrate on the oceans for novel bioactive com-

pounds []. Marine microorganisms can be considered as an 

untapped source of new bioactive molecules because ) cer-

tain classes of marine bacteria have developed unique adapta-

tion mechanisms [] to the physiological, physical, chemical 

and biological conditions e.g., salinity, pressure, temperature, 

and depletion of micronutrients found in the oceans, which 

is refl ected in their physiology and biochemical properties [, 

]; ) competition among microbes for space and food [] in 

some marine niches especially about of the particle associ-
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ated bacteria and sediment inhabiting bacteria has exerted a 

driving force on bacterial selection leading to new adaptive 

strategies and the synthesis of new metabolites, and ) some 

bacteria have developed certain adaptation mechanisms re-

sulting in production of bioactive metabolites which may be 

useful for their defense against predators such as protozoans. 

Furthermore, more than  of earth’s biosphere is oceans 

and during the past fi ve decades more than , marine 

metabolites have been isolated and characterized, which  

of these bioactive compounds were obtained from bacterial 

sources []. Today, one of the main goals of the marine bio-

technology is fi nding natural substances originated from ma-

rine microorganisms with pharmaceutical applications such 

as anti-cancer, anti-infection and anti-infl ammation activities. 

Till now, several marine-derived antibiotics with anti-MRSA 

activity has been reported. Th ese novel antibiotics have been 

isolated from fi ve genera of marine bacteria including Pseu-
doalteromonas, Pesudomonas, Bacillus, Marinospora, and 

Streptomyces []. Persian Gulf, in southwest Asia, is a relative-

ly shallow and extension of Indian Ocean located between 

Iran and the Arabian Peninsula; it is bordered by Iran on the 

entire north-eastern coastline. Th is study mainly focused on 

) isolation and identifi cation of potent antibiotic producer 

bacteria, especially against MRSA, from the northern regions 

of Persian Gulf, ), optimization of antibiotic production and 

preliminary purification and characterization of intended 

antibiotic compound, and ) determination the mecha-

nism of action for intended antibiotic compound against 

MRSA using Transmission Electron Microscopy (TEM). 

MATERIALS AND METHODS 

Sample collection
During March to October ,  sampling regions in Persian 

Gulf were selected (Figure ) and samples of coastal water; 

surface water, deep water, coastal sediment, bed sediment and 

mangrove forest sediment were collected from  study sites 

in some northern area of Persian Gulf. Water samples were 

collected using sterilized-niskin bottle (using  ethanol pri-

or to sampling); subsequently, samples were collected in ster-

ilized glass bottles. Sediment samples were collected by steril-

ized van veen grab in to sterilized plastic bags. Th ese samples 

were kept at ˚C (placed on ice) until delivery to laboratory.

Isolation procedure
In order to isolation of marine bacteria from water samples, 

 μl of samples were spread on agar plates with marine agar 

 (Himedia, India). Sediment samples ( g) were trans-

ferred to test tube containing ml of sterilized sea water, 

vigorously mixed, and fi nally ten fold serial dilutions were 

prepared and aliquots ( μl) of each dilution were spread 

on the entire surface of marine agar  []. Isolation of 

marine bacteria from both water and sediment samples 

was performed using pour plate technique, too. Th e inocu-

lated plates were incubated at ,  and ˚C for - days, 

developed colonies were purified by repeatedly subcultur-

ing on marine agar and fi nally, those colonies with distinct 

characteristics such as pigmentation, size, opacity, elevation, 

margin and surface were chosen for further processing []. 

Screening of isolates for antibacterial activity 
All of the bacterial isolates from different samples were 

screened for the production of antimicrobial substances 

by primary screening method. Pure colonies were grown in 

maine broth medium (MB) (Laboratorios CONDA, Spain) 

at ˚C for - days. Th e broth cultures were centrifuged at 

 rpm for  min at ˚C, and the cell free supernatants 

were fi ltered through . μm pore size fi lter (Millipore, Italy) 

and it was surveyed for antibacterial activity. Antibacterial ac-

tivity was assayed by standard agar disk diff usion test against 

standard test organisms including Staphylococcus aureus 

(ATCC ), Staphylococcus epidermidis (ATCC ), Ba-
cillus subtilis (ATCC ), Listeria monocytogenes (ATCC 

), Escherichia coli (ATCC ), Pseudomonas aeru-
ginosa (ATCC ), Salmonella typhi (ATCC ), and 

with Methicillin Resistant Staphylococcus aureus (MRSA) as 

clinical strain. Standard bacterial strains were obtained from 

Iranian Research Organization for Science and Technology 

(IROST) and MRSA that was also MDR (multi-drug resis-

tant) was collected from the Golestan Hospital, Ahavz, Iran.

Tested bacteria were cultured in Muller Hinton Broth (MHB, 

Merck, Germany) medium at ˚C for - h until adjusted 

to the . Mc Farland turbidity ( cfu/ml) [].  μl of 

these suspensions was inoculated on Muller Hinton Agar 

(MHA, Merck, Germany) plates as lawn culture by sterile 

cotton swab and remained for  min for absorption of ex-

FIGURE 1.  Map of sampling sites in the Persian Gulf.

1: Bahrakan port, 2: Mahshahr port, 3: Qeshm Island
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cess moisture. Th e sterile fi lter paper discs ( mm diameter) 

[] were saturated by  μl of cell free supernatants of the 

marine isolates and then were placed on lawn cultures. Af-

ter a diff usion period of h, the plates were incubated at ˚C 

for h and the inhibition zone around each disc was mea-

sured in mm. Th is experiment was carried out in triplicate.

Antibacterial activity of the highest potential producer
After primary screening, the isolate responsible for the great-

est zone of inhibition was chosen for further study. In order 

to test the antibacterial activity, after  days of incubation, the 

broth culture was centrifuged at  rpm for  min at ˚C, 

and then supernatant was extracted using equal volume of 

ethyl acetate. Solvent was removed at ˚C. Th e dried crude 

extract was dissolved in ethyl acetate at concentration of  

mg/ml. Th e antibacterial activity of the obtained raw extract 

was evaluated at this concentration using disc diff usion meth-

od against Gram-positive microorganisms including S. au-
reus (ATCC ), S. epidermidis (ATCC ), B. subtilis 

(ATCC ), L. monocytogenes (ATCC ), MRSA, and 

L. monocytogenes (clinical isolate) and Gram-negative bacteria 

including E. coli (ATCC ), P. aeruginosa (ATCC ), 

S. typhi (ATCC ), Bordetella bronchiseptica (clinical iso-

late) and Brucella melitensis (clinical isolate). Th e clinical iso-

lates were prepared from the Golestan Hospital, Ahvaz, Iran. 

A disc soaked in ethyl acetate was kept as negative control. 

Th e following antibiotics were used as control (μg/disc): van-

comycin (VA)  μg, methicillin (MT)  μg, nitrofurantoin 

(FM)  μg, penicillin (P)  μg, and colistin (CL)  μg. All of 

these synthetic antibiotic discs were produced by Difco, USA.

Th e MIC (Minimal Inhibitory Concentration) of the antimi-

crobial agent from the best producer strain was determined 

against two somewhat important and more sensitive bac-

teria by macro broth dilution assay method [,]. MBC 

(Minimal Inhibitory Concentration) was also determined.

Determination of GCI (Growth Curve Interference) parameter
GCI is a parameter which defi ned as the lowest concentra-

tion of an antibiotic compound that modifies the growth 

curve of a tested pathogen comparing to a control without 

antibiotic []. Tested pathogen in this study was MRSA. For 

determination of GCI, MIC was determined by the macro 

broth dilution assay method. At first,  ml of extract at 

four concentrations including equal to MIC and sub-MICs 

was prepared. In the next step, four fl asks containing  ml 

Muller Hinton Broth medium of . Mc Farland turbid-

ity of MRSA culture was prepared. Finally, each of the pre-

pared diff erent extracts were added to above fl asks and then 

incubated at ˚C on a rotatory shaker; biomass accumula-

tion was measured from  till  h (every  h) by spectro-

photometry reading of optical density (OD) at  nm until 

tested bacterium was entered in stationary and death phase 

of growth. A fl ask containing  ml MHB with the . Mc 

Farland turbidity of MRSA but without extract was used as 

control. Related curves were drawn and GCI was determined.

Optimization of the culture conditions and processing param-
eters for antibiotic production
Th e preliminary fermentation conditions for production of 

antibiotic by PG- isolate was prepared in Marine Broth 

(as control medium) by incubating at ˚C for  days. Also, 

a synthetic medium containing of glucose (primary carbon 

source)  g/l and peptone (primary nitrogen source)  g/l of 

sterilized-sea water with initial pH . was prepared in order 

to achievement a medium as an alternative for Marine Broth 

(as un-optimized medium). Th e required sea water for the 

optimization process was collected from a site with  km 

distance from seashore and then sterilized by . μm Mil-

lipore fi lter. Furthermore, in order to access to the optimum 

NaCl concentration, both seawater and distilled water were 

separately used for preparation of synthetic medium. Op-

timization process for antibacterial compound production 

was studied based on carbon and nitrogen sources, optimum 

temperature, optimum initial pH, optimum NaCl concen-

tration and optimum incubation time. In these experiments 

one variable was changed at a time but in order to achieve 

a suitable medium for antibiotic production by this marine 

isolate, once a factor will be optimized it was used for fur-

ther optimization process; the carbon source and NaCl 

concentration were the fi rst and the last optimized factors, 

respectively. The bacterium was grown at different condi-

tions such as diff erent temperatures (, , , , ,  

and ˚C), pH values (, ., , ., , . and ), NaCl con-

centration (, ., , ., , ., , ., , ,  and  (w/v)), 

various carbon sources (sorbitol, dextrose, galactose, fructose, 

glycerol, xylose, glucose and starch), various nitrogen sourc-

es (peptone, tryptone, yeast extract, meat extract, KNO, 

casein, L-arginine and tyrosine) and different incubation 

times (, , , , , , ,  and  h), and then the 

effi  ciency of the optimized parameters was discovered using 

disc diff usion method against MRSA []. For anti-MRSA 

assay,  μl of the filter-sterilized (. μm) supernatant 

prepared from each of the harvested samples from produc-

tion media under optimized conditions was tested. Also, 

the best solvent for the antibiotic extraction was optimized. 

Kinetics of growth and antibiotic production
Co-variation between bacterial growth and antibiotic pro-

duction was investigated in a batch system. The culture 

was undertaken in marine broth medium. A  ml inocu-

lum prepared from a fresh overnight culture (was grown in 

a  Erlenmeyer containing  ml medium on a rotary 
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shaker at ˚C,  rpm) was inoculated in this medium 

and incubated at ˚C on a rotatory shaker ( rpm). Cell 

growth was measured at OD


. Samples were harvest-

ed from production media at -h intervals from  till h 

and h intervals from h till stationary and death phase of 

growth. Supernatants were harvested from these samples 

by centrifugation at  rpm at ˚C for  min and subse-

quently were sterilized by fi ltration . μm and then used 

for antibacterial assay. Anti-MRSA activity of the harvest-

ed samples was assessed using disc diff usion method []. 

Purifi cation of antibacterial compound
To reveal the antimicrobial constituents clearly by bioau-

tography, the supernatant and the raw ethyl acetate extract 

(prepared from broth culture) possessing antibacterial activ-

ity were partially purifi ed by TLC plates (Merck, Germany) 

using n-butanol: acetic acid: distilled water (v/v ::) as 

mobile phases. Th e separated components were visualized 

under visible and ultraviolet light ( and  nm). Th e re-

tardation factor (Rf) values of the spots were also determined. 

For bioautographic analysis, developed TLC plate were dried 

overnight and the respective bands were scraped out sepa-

rately along with silica and dissolved in ethyl acetate, and 

then centrifuged at  rpm for  min and supernatants 

were passed from fi lter (. μm) [] . All of the bands were 

subjected to antibacterial activity assay against MRSA using 

disc diff usion method and also their activity was compared 

with the whole extract. Oxytetracycline was used as control. 

Th ermal and enzymatic stability of the intended 
antibacterial compound 
For determining the eff ect of temperature on stability of the 

antibiotic,  ml of supernatant was harvested from broth cul-

ture and was added to sterile screw capped ampoules and 

treated at ˚C in refrigerator for h, at , , ,  and 

˚C in a water bath for  min and at ˚C in autoclave 

for  min [, ]. Enzymatic stability was also examined 

by treatment of  μl of supernatant by  μl from each of 

pepsin (Merck, Germany), Proteinase K (Fermentas, Canada) 

and Pancreatin enzymes (Philip Harris, UK) at  mg/ml fi -

nal concentration []. Finally, the residual antibacterial activ-

ity of heat- and enzymatic-treated samples was determined 

by measurement of the inhibition zone against MRSA. Un-

treated preparations were used as controls. For all enzymes a 

positive enzymatic eff ect was demonstrated by the lack of an 

inhibition halo around the enzyme-impregnated paper [].

Determination the site of antibacterial compound 
accumulation
In order to finding the possible intra-cellular location of 

the intended active compounds with anti-MRSA activity,  

ml of broth culture (containing whole cell) was harvested 

form  day’s age culture and then sonicated (Bandelin So-

noplus, Germany) at  MHz for  s at ˚C [].  ml of 

this sonicated sample was filter-sterilized using . μm 

filter. An un-sonicated sample was prepared, too. Finally, 

for antibacterial activity assay,  μl of both samples was 

tested against MRSA using disc diffusion method []. 

Ultrastructural study on the eff ect of intended 
antibacterial compound against MRSA 
Determination the mechanism of action of intended antibac-

terial compound on MRSA was done by Transmission Elec-

tron Microscope (TEM) (Philips, Netherlands). After deter-

mination of MIC value of the ethyl acetate extract of PG- 

isolate, MRSA cells were grown in MHB medium to . Mc 

Farland turbidity, then immediately these cells were treated 

with MIC concentration ( mg/ml) and sub-MIC concentra-

tions (,  and  mg/ml) for  h. Samples were harvested 

at ,  and  h. Finally, all of the samples were mixed together 

on a vortex mixer and centrifuged at  rpm, and then the 

cells were fi xed in  glutaraldehyde []. MRSA cells with-

out the extract were considered as control [] . Th en, treated 

and control cells were post-fixed in  osmium tetroxide. 

Washing was done by sodium cacodylate buffer and then 

these samples were dehydrated in gradualed gold ethanol 

series (-) []. Dried cell blocks were infi ltrated by ep-

oxy resin and Ultrathin sections were prepared. Subsequently, 

the sections were stained by Uranyl acetate and lead citrate. 

Ultimately, the ultrathin sections were analyzed using TEM. 

Strain identifi cation with S rRNA gene sequencing
Th e highest potential antibiotic producer strain (PG- iso-

late) was selected for molecular identifi cation by S rRNA 

sequencing. In order to genomic DNA extraction, a single 

colony of intended bacterium was subcultured in MB at °C 

for  h and DNA was extracted by a commercial kit (Gen 

Fanavaran, Iran), according to the manufacture instructions. 

Full length sequence of S rRNA gene was amplifi ed from 

the isolated genomic DNA using the following universal bac-

terial S rRNA primers: Forward strand: ΄-CCGAATTC-

GTCGACAACAGAGTTTGATCCTGGCTCAG and 

Reverse strand: CCCGGGATCCAAGCTTACGGT-

TACCTTGTTACGACTT-΄ []. Polymerase chain reac-

tion (PCR) was performed in a  μl mix reaction containing 

 mM MgCl,  mM of each deoxynucleoside triphos-

phates (dATP, dTTP, dGTP and dCTP), ×PCR buff er,  

ρmol/μl of forward and reverse primers and  U of Taq poly-

merase. Th e PCR thermal profi le was consisted of denatur-

ation at ˚C for  min followed by  cycles of amplifi cation, 

each consisting of denaturation at ˚C for  min, annealing 

at ˚C for  sec, and elongation at ˚C for . min. A fi -
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nal elongation step at ˚C for  min 

was also included. Th e Electrophoresis 

of PCR product was done on  aga-

rose gel for  min at  v. PCR prod-

uct was sequenced by Gen Fanavaran 

biotech corp. Th e obtained sequences 

were compared in BLAST analysis 

with available data of Genbank, NCBI. 

Finally, phylogenetic tree was con-

structed by CLC Main Workbench . 

software program using the neighbour-

joining algorithm []. Also, the obtained sequence from 

PG- isolate was compared to the sequence of its closest 

phylogenetic neighbour strain by chimera check/pintail pro-

gram (http://www.bioinformatics-toolkit.org/Web-Pintail/). 

Phenotypic characterization of PG- isolate
Different characteristics of the PG- isolate including 

Gram stain, pigmentation, motility and utilization of dif-

ferent carbon sources were determined. Morphological 

study of this isolate was done using scanning electron mi-

croscopy (SEM). A single colony of antibiotic producer 

bacterium from h culture on marine agar was dissolved 

in  ml sterile distilled-water and subsequently  μl from 

this suspension was harvested and fixed in  glutaralde-

hyde and then, cells were dehydrated using a graded ac-

etone series. Finally the air-dried prepared sample was 

coated by silver for  min and surface morphology was 

studied by a Leo Vp scanning electron microscope.

RESULTS

Fifty one bacterial isolates were isolated from diff erent sea-

water and sediment samples collected from Persian Gulf. 

Th e , , , ,  and  isolates were obtained from coastal 

water, surface water, deep water, coastal sediment, bed sedi-

ment and mangrove forest sediment, respectively (Table ). 

Of these, three stains have the capability of antibiotic pro-

duction (Table ) which were named as PG-, PG- and 

PG- isolates. The PG- and PG- isolates were from 

bed sediment (at a depth of  m) and surface water, re-

spectively and both samples were collected from Mahshahr 

port, north of Persian Gulf. But PG- was isolated from a 

mangrove forest sediment sample collected from Qeshm Is-

land, south of Persian Gulf. Th ese three bacteria were main-

tained at ˚C on marine agar slants and frozen in marine 

broth with  glycerol. Primary assays showed that PG- 

and PG- were eff ective only against tested Gram-positive 

bacteria while PG- isolate presented a low level of anti-

bacterial activity against some Gram-positive and Gram-

negative bacteria. However, PG- strain considered as the 

most potent antibiotic producer isolate; it was eff ective on 

all of the tested Gram-positive bacteria and the obtained 

DIZ (Diameter of inhibition zone) of this strain comparing 

to the PG- and PG- isolates was remarkable (Table ). 

Th e obtained raw extract from the PG- isolate was eff ective 

against all tested Gram-positive bacteria while Gram-nega-

tive bacteria showed resistance to it (Table ). Among tested 

pathogens, S. aureus ATCC and MRSA were the most sen-

sitive strains to this extract; however, its antibacterial activ-

ity against other Gram-positive bacteria was remarkable, too. 

Furthermore, L. monocytogenes was the most resistant Gram-

positive bacterium to the PG- extract. All tested clinical 

Sampling site
Number of bacterial strains isolated from diff erent marine 

samples

Isolated 

strain 

(No.)

Strain with 

antibacterial 

activity (No.)

coastal 

water

surface 

water

deep 

water

coastal 

sediment

bed 

sediment

mangrove 

forest 

sediment

Bahrakan port - 2 4 1 4 - 11 0

Mahshahr port - 4 5 - 7 - 16 2

Qeshm island 2 3 4 2 7 6 24 1

TABLE 1.  Number of bacterial strains isolated from diff erent samples collected from the 

northern regions of Persian Gulf

Marine strain Sample (origin)
Spectrum 

activity

Antibacterial 

activity

PG-01 Bed sediment Gram-positive +++

PG-02 Surface water Gram-positive ++

PG-03
mangrove forest 

sediment

Gram-positive 

and negative
++

TABLE 2.  Results of the determination of spectrum and potential 

activity of three antibacterial compound producer bacteria iso-

lated from Persian Gulf. 

(+): DIZ > 9 mm; (++): Against Gram-positive bacteria: DIZ:9-14 mm; (++): 

Against Gram-negative bacteria: DIZ:9-12 mm; (+++): Against Gram-pos-

itive bacteria: DIZ>14 mm; (+++): Against Gram-negative bacteria: DIZ> 

12 mm

FIGURE 2.  Anti-MRSA activity of PG-01 strain extract compared 

with vancomycin. (The diameter of disc is 6 mm)
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pathogenic bacteria were MDR strains; also among standard 

strains, except S. aureus ATCC and B. subtilis ATCC, other 

bacteria were MDR strains. All the tested pathogenic micro-

organisms, except B. subtilis ATCC, were resistant to colistin; 

meanwhile most of the tested clinical pathogenic bacteria re-

vealed resistance to penicillin and methicillin. P. aeruginosa 
ATCC was the most resistant bacterium. Th e diameter of the 

inhibition zones for vancomycin and PG- against MRSA 

were  and  mm, respectively (Figure  and Table ). 

MIC and MBC values for ethyl acetate extract of PG-

 broth culture against MRSA were  and  mg/

ml, respectively. Meanwhile MIC and MBC values 

against B. subtilis ATCC were the same ( mg/ml).

Antibacterial activity of indented antibacterial com-

pound against MRSA was maintained with sub-MIC 

concentrations even with two times below the MIC 

value (GCI:  mg/ml) (Figure ). In the presence of the 

PG- extract at ,  and  mg/ml concentrations, 

the growth curve of MRSA was not reach to stationary 

FIGURE 3.  Determination of GCI parameter for Pseudoalteromo-
nas piscicida PG-01 broth culture extract against MRSA.

FIGURE 4.  Eff ect of various carbon sources on antibiotic produc-

tion. (The diameter of disc is 6 mm), DIZ: Diameter of Inhibition 

Zone

                                                                                                    Concentration of extract (mg/ml) 

                                                                                                    PG-01                                                                                                                Antibiotic disc

Bacterial species 50 MT VA P FM CL

Gram-positive bacteria

MRSA 32 R 20 R 23 R

L. monocytogenes 14 R 17 R 16 R

S. aureus ATCC 34 13 18 12 23 R

S. epidermidis ATCC 25 15 15 R 28 R

B. subtilis ATCC 23 18 24 13 23 14

L. monocytogenes ATCC 15 11 R R 14 R

Gram-negative bacteria

B. bronchiseptica R 30 R R 17 R

Br. melitensis R R R R 28 R

E. coli ATCC R R 18 R R R

P. aeruginosa ATCC R R R R R R

S. typhi ATCC R R 10 R 20 R

*(6mm) diameter disc 

R: Resistant  

TABLE 3.  Antibacterial activity of ethyl acetate extract of Pseudoalteromonas piscicida PG-01 against some clinical and standard patho-

gens compared with commercial antibiotics.

FIGURE 5.  Eff ect of various nitrogen sources on antibiotic pro-

duction; (The diameter of disc is 6 mm), DIZ: Diameter of Inhibi-

tion Zone
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phase. Also, partially interference in growth curve was ob-

served at  mg/ml concentration compared to control.

The optimization results revealed that glycerol and yeast 

extract are the best carbon and nitrogen sources for pro-

duction of antibiotic by PG- isolate, respectively, (Figures 

 and ). In the case of synthetic medium the maximum 

antibiotic activity was achieved at initial pH  (Figure ), at 

temperature -˚C (Figure ),  NaCl (w/v) (Figure ), 

and  h incubation time (Figure ). For marine broth me-

dium, the optimum conditions for the antibiotic produc-

tion were initial pH ., temperature ˚C (Figure ),  

NaCl (w/v) (Figure ), and  h incubation time (Figure ). 

Antibacterial activity of harvested samples was observed 

after h for both production medium, but at this time 

DIZ for the harvested sample from marine broth and syn-

thetic medium were  and  mm, respectively (Figure ). 

The best NaCl concentration for antibiotic production by 

PG- isolate in synthetic medium prepared by distilled wa-

ter was  (w/v) while about of synthetic medium prepared 

with natural seawater adding of NaCl even at the lowest 

concentration cause to blocking of the antibiotic produc-

tion by PG- isolate (Figure ). Also, ethyl acetate was cho-

sen as the best solvent for antibiotic extraction (Figure ). 

Sorbitol as carbon source presented the lowest effi  ciency for 

antibiotic production by this isolate; furthermore, casein and 

KNO were the least eff ective nitrogen sources for produc-

tion by PG- isolate. About of the temperature optimiza-

tion, the lowest antibiotic production was observed at °C. 

Among the optimized fermentation parameters, carbon and 

nitrogen sources have a signifi cant eff ect on antibiotic pro-

duction while pH has only a slight favorable eff ect on produc-

tion. On the other hand, NaCl concentration was found as a 

FIGURE 6.  Eff ect of pH on antibiotic production. (The diameter 

of disc is 6 mm), MB: Marine Broth, SM: Synthetic Medium, DIZ: 

Diameter of Inhibition Zone

FIGURE 7.  Eff ect of temperature on antibiotic production. (The 

diameter of disc is 6 mm), MB: Marine Broth, SM: Synthetic Me-

dium, DIZ: Diameter of Inhibition Zone

FIGURE 8.  Eff ect of salinity on antibiotic production. (The diam-

eter of disc is 6 mm), DW: Distilled Water / SW: Sea Water, DIZ: 

Diameter of Inhibition Zone

FIGURE 9.  Eff ect of incubation time on antibiotic production. 

(The diameter of disc is 6 mm), MB: Marine Broth. SM: Synthetic 

Medium, DIZ: Diameter of Inhibition Zone
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critical factor on the antibiotic production. In general, anti-

bacterial activity (inhibition zone diameter) of PG- against 

MRSA at un-optimized (marine broth) and optimized 

(synthetic medium) conditions 

was  and  mm, respectively. 

PG- isolate was found to pro-

duce only one antimicrobial com-

ponent by bioautography. Results 

from bioautographic analysis re-

vealed that the two spots A and 

A which were obtained from su-

pernatant and extract, respectively 

were presented anti-MRSA activ-

ity (Table , Figure ); however, 

the spot A with a Rf value of . 

exhibited the strongest antibac-

terial activity against MRSA so 

that when activity of this compo-

nent was assessed against MRSA 

compared to the whole extract, 

the obtained DIZ values were 

relatively equal. Likewise, the in-

tended two active components 

and oxytetracycline have remark-

ably different polarities (Figure 

 a, b). Thermostability studies 

exhibited that this antibacterial 

substance was a thermostable com-

pound. However, the antibacterial 

activity remained unaltered after 

treatment at -˚C, it started to 

decrease after being autoclaved 

(˚C) but even at this tempera-

ture it didn’t completely loose its 

activity too (Figure ). The anti-

MRSA activity of this antibacte-

rial compound was decreased only 

FIGURE 10.  Optimization of solvent for antibiotic extraction

M: Methanol, C: Chloroform, CM: Chloroform-Methanol (1:2 (v/v)), 

E: Ethanol, DM: DMSO, Et: Ether, A: Aceton, DC: Dichloromethane, 

P: Propanol, n-b: n-butanol, EA: Ethyl Acetate. (The diameter of 

disc is 6 mm), DIZ: Diameter of Inhibition Zone

Spot Rf DIZ (mm)

6A 0/77 10

6B 0/91 R

7A 0/95 24

8A 0/44 17

Strain Control Pancreatin Pepsin Proteinase K

PG-01 22 11 22 22

TABLE 4.  Results of determination of Rf values and anti-MRSA 

activity for each of the separated bands using TLC

TABLE 5.  Antibacterial activity of anti-MRSA compound pro-

duced by Pseudoalteromonas piscicida PG-01 after enzymatic 

treatment 

FIGURE 11.  TLC analysis for the supernatant and ethyl acetate extract samples of Pseudoal-
teromonas piscicida PG-01 

a: Tlc (visualized at 254 nm) , b: Tlc (visualized at 366 nm), 6: Sample 6 (the supernatant sample 

prepared from broth culture), 7: Sample 7 (extract sample prepared from broth culture), 8: 

Sample 8 (Oxytetracycline as control), A and B: Separated bands

                  (a)              (b)
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after treatment with Pancreatin by  compared with 

control ( mm) (Table ). Based on these findings, the 

active molecule may not be proteinaceous in nature, but 

a glycolipid nature for this antibiotic can be suggested. 

Sonication treatment indicated no intracellular ac-

tive compound, because inhibitory activity of the 

treated sample against MRSA remained unaltered 

(Figure ). So, it can be concluded that the antibacte-

rial compound produced by PG- is completely secretory.

TEM results of ultrathin section of MRSA treated with the 

antibacterial compound produced by PG- isolate were 

shown in Figure . A comparison of transmission elec-

tron micrograph results of the treated cells with untreated 

cells, revealed deformities caused in the cell wall structure 

(weakened and deformed cell wall) by this marine-derived 

antibacterial compound while un-treated cells have a thick 

and intact cell wall (Figure ). Lysis of cell with residual 

membranes and empty protoplasmic space and numerous 

membrane blebs are shown in Figure , too. So, the target 

site for antibacterial compound produced by PG- isolate is 

cell wall and this antibacterial compound can be considered 

as a bactericidal agent against MRSA. In the case of treated 

cells, also, because of decrease in the thickness of the cell wall 

we can see that the electron density of this part is decreased.

Considering growth of PG- and time course of its antibac-

terial compound production revealed that the growth of in-

tended marine isolate increased exponentially at  to h of 

incubation (Figure ). Th e anti-MRSA activity of the culture 

supernatant was detectable as early as at  h of incubation 

and reached the highest activity at h of incubation (Figure 

). So, in marine broth culture, production of antibacterial 

compound with PG- isolate was started in the early stage 

of logarithmic phase and increased to a maximal production 

level until the stationary phase; that it can be said that anti-

bacterial production occurs during the whole growth phase.

FIGURE 12.  Results of heat treatment of an anti-MRSA compound 

produced by Pseudoalteromonas piscicida PG-01, (The diameter of 

disc is 6 mm), Temp: Temperature (˚C)

FIGURE 13.  The obtained results from sonication treatment of 

broth culture (containing whole cell) of PG-01 isolate; as we can 

see, inhibitory activity of the treated sample against MRSA re-

mained unaltered, that is to say, there is no intracellular anti-MRSA 

compound in the cells of PG-01 isolate. S1: Sample (un-fi ltered), 

S2: Sample (fi ltered), Con: Control (un-sonicated)

FIGURE 14.  Transmision electron micrographs of MRSA. a Cell grown in the absence of antibacterial compound produced by Pseudoal-
teromonas piscicida PG-01; b, c Cells grown in the presence of antibacterial compound produced by Pseudoalteromonas piscicida PG-01

  (a)           (b)     (c)
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Th e marine PG- isolate was Gram-negative, motile, catalase 

positive and strictly aerobe. Th e colonies of this isolate on 

marine agar were smooth, convex, and brownish with entire 

edges. Th e SEM micrograph results presented that this ma-

rine isolate is typically 

a rod-shape bacterium 

and its surface is smooth 

(Figure  a, b). This 

isolate didn’t growth 

on more than  (w/v) 

NaCl concentration and 

also, was able to utilize a 

range of carbohydrates 

such as D-glucose, xy-

lose, and maltose and 

glycerol as carbon sub-

strates. Furthermore, 

this strain was resis-

tant to the commercial 

antibiotics including 

polymixin B, tetracy-

cline, and penicillin. In 

molecular diagnosis, a 

 bp PCR product 

was amplified success-

fully (Figure ) and on 

the basis of the BLAST 

search, the PG- iso-

late showed the high-

est S rRNA gene se-

quence similarity () 

to Pseudoalteromonas 
piscicida . Th e phy-

logenetic tree analysis 

showed also that this 

isolate had the most 

phylogenetic homoge-

neity with P. piscicida; 

the other two Pseudo-
alteromonas  species 

including P. viridis and 

P. rubra were placed 

within the intra-cluster 

branches related to the 

location of PG- isolate 

(Figure ). Also, the 

mean of the observed 

nucleotide differences 

b e t w e e n  P s e u d o a l -
teromonas piscicida PG- and  (Figure ) was 

., and is roughly equivalent to evolutionary distance. 

The S rRNA gene sequence of PG- strain was de-

posited in GenBank with accession number JF.

FIGURE 16.  Results of Co-variation between cell growth of Pseudoalteromonas piscicida PG-01 and its 

antibiotic production

FIGURE 17.  Scanning electron micrographs of PG-01 isolate in order to study of its morphology. (a, b)

             (a)                (b)

FIGURE 15.  Transmision electron micrographs of MRSA; a cell with weakened cell wall; b lysis of cell due 

to bactericidal eff ect of antibiotic produced by PG-01 Strain. 

             (a)                (b)
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DISCUSSION 

During two previous decades, studying about marine micro-

organisms has been raised signifi cantly due to their very high 

capability of producing secondary metabolites. In fact, the 

strong selective pressure resulted from competition between 

bacteria in the marine environment for space and nutrition 

and also metabolic and physiological differences between 

marine and terrestrial microorganisms arising from diff erent 

conditions in marine would result in that these microorgan-

isms produce a great amount of natural products applicable in 

medicine and industry []. Th e emergence and dissemination 

of resistant pathogenic bacteria to current antibiotics particu-

larly MRSA (Methicillin Resistant Staphy-
lococcus aureus) has become a great global 

concern in st century, especially for the 

hospitalized patients. Today, vancomycin 

has become the drug of choice for treating 

MRSA infections; however, treatment fail-

ures, adverse side eff ects and the emergence 

of vancomycin resistant bacteria are leading 

to urgent needs for alternative anti-MRSA 

therapies []. So, it seems that fi nding new 

antibiotic against this rebel pathogen named 

superbug, especially from natural resources 

is vital. Marine ecosystem as an untapped 

resource can be surveyed for natural anti-

microbials. For the fi rst time, antibiotic pro-

duction by marine bacteria has been docu-

mented by Rosenfeld and Zobell,  []. 

It is noticeable that a sea with somewhat 

special climate such as Persian Gulf with 

relatively high temperature (average ˚C) 

and salinity (~) must be more focused to 

fi nding new and special natural metabolites. 

Meanwhile, Persian Gulf is a rich source of 

marine micro- and macro-organisms with high biodiversity. 

In our research, two of the three obtained marine antibiotic 

producer bacteria were isolated from sediment samples; 

this result may be due to existence of competition on space 

and nutrients at this habitant. However, there are many re-

ports that marine colonized bacteria consist a percentage of 

antibiotic producing bacteria higher than observed in free-

living state isolated from marine environment []. Th e ac-

tivity of the crude extract of PG- strain was restricted to 

Gram-positive bacteria; however, it was highly active against 

human pathogenic strains, including clinical and standard 

strains. Th is diff erence may be due to several possible rea-

sons such as permeability barrier provided by the presence 

of cell wall with multilayer structure in Gram negative bac-

teria or the membrane accumulation mechanisms or pres-

FIGURE 18.  Agarose gel electrophoresis of amplifi ed 16S rRNA 

fragment (1500 bp) of PG-01 isolate.

FIGURE 19.  Phylogenetic relationships of Strain PG-01 and some related Pseudo-
alteromonas species on the basis of 16S rRNA gene sequence analysis. Numbers at 

branch nodes are bootstrap values (expressed as a percentage of 1000 replicates) 

based on the neighbour-joining algorithm. Bar represents approximately 0.5 % 

nucleotide sequence diff erence.

FIGURE 20.  Variation in % diff erence between P. piscicida 1314 

(1372 nt) and P. piscicida PG-01 (1248 nt) determined with a 300 

base sliding window, moving 25 bases at a time along the se-

quences.
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ence of enzymes in periplasmic space which are able to 

break down foreign molecules introduced from outside [].

All of the studied pathogenic clinical strains were MDR 

bacteria even against the well-known synthetic antibiotics; 

furthermore, nearly  of all isolates studied were resis-

tant to methicillin. Also, it seams that penicillin and colistin 

must be gradually go away form the eff ective antibiotics list.

Based on the obtained results from GCI parameter de-

termination, antibacterial activity of intended antibac-

terial compound against MRSA was maintained with 

sub-MIC concentrations, this outcome has a pharma-

ceutical importance about using antibacterial compound, 

especially for treatment of high-risk patients and also 

preventing of emergence of new antibiotic resistances. 

Results from optimization process revealed that among the 

optimized fermentation parameters, carbon and nitrogen 

source or C/N ratio plays the most important role in effi  cacy 

of optimization for antibiotic production by intended marine 

strain. Glycerol and yeast extract were chosen as optimum 

carbon and nitrogen sources for antibiotic production by 

Pseudoalteromonas piscicida PG-; there are several reports 

about selection of these substrates as the best sources in order 

to antibiotic production by diff erent bacteria [, ]. Consid-

ering of these results, the culture of this strain in complex me-

dium revealed more than  higher antibiotic production 

compared to marine broth. Commonly, chemically defi ned 

media as production media aren’t used in industrial fermen-

tation process to obtain high yields and hence this improve-

ment of cultivation parameters is one of the main objectives 

in industrial research []; So, the obtained result from op-

timization is very usable for improving supply of the intend-

ed marine antibiotic for its industrial production in future. 

Th e results of heat and enzymatic treatment show that the ac-

tive constituent of the antibacterial compound produced by 

Pseudoalteromonas piscicida PG- is thermostable substance 

and also is not sensitive to tested proteolytic enzymes; so, this 

antibacterial compound maybe not peptide in nature. How-

ever, this marine antibiotic compound loose its activity by  

 when treated by pancreatin; since this enzyme has amylase, 

lipase and proteinase activity, a glycolipid nature of active 

molecule can be suggested. On the other hand, the fi ndings 

obtained from the solvent optimization revealed that some 

solvents specific for lipid extraction such as Chloroform-

Methanol (: [vol/vol] had a excellent effi  ciency for extrac-

tion of antibiotic produced by PG-, suggests that there 

was substantial lipid fraction in this inhibitory substance.

TLC and bioautography results revealed that the in-

tended antimicrobial  compound and oxytetracy-

cline are with remarkably different polarities; con-

sequently they have different antimicrobial profiles.

 In study the co-variation between cell growth and antimi-

crobial compound production test, we found that produc-

tion of antibiotic with PG- strain was started at the mid-

logarithmic phase while the most of the antimicrobials as 

secondary metabolites usually will be produced at the late 

exponential or stationary phase; however there are several 

reports that indicates antibiotic production can be triggered 

at the early stages of cell growth [, ]. Moreover, with al-

teration in culture condition such as carbon source and so 

on, production of secondary metabolites may be started at 

the logarithmic growth phase; that is to say, under this con-

dition in logarithmic phase, cell division will be stopped and 

subsequently antibiotic production will be occurred [, ]. 

TEM results showed that the target site for antibacterial com-

pound produced by Pseudoalteromonas Piscicida PG- is cell 

wall; so, this antibiotic compound can be considered as a bac-

tericidal agent against MRSA and can give hope for treatment 

of diseases caused by this rebel pathogen. It seems likely this 

antibacterial substance deforms the cell wall of target cells, in-

fl unce proton motive force and subsquently increase osmotic 

pressure due to infl ux of water and fi nally cell lysis occurs [].

Th is strain was characterized by both biochemical and as well 

as molecular methods. The PG- isolate exhibited some 

phenotypic diff erences from its closest phylogenetic neigh-

bor P. piscicida strain that noted in Bergey's manual for sys-

tematic of bacteriology [] including ability to grow at ˚C, 

produces a brownish diff usible pigment, inability to use of 

ammonia, and ability to nitrate reduction. However, based 

on Phylogenetic analysis of the S rRNA gene sequencing 

and phenotypic characteristics, this marine isolate maybe 

proposed to represent a novel species or sub-species of the 

Pseudoalteromonas genus, we named as P. piscicida PG-. 

It has been reported that different strains belong-

ing to Pseudoalteromonas sp. have antibacterial ac-

tivity, antiviral activity and agarolytic activities []. 

Finally, determination of the structures and pharmacologi-

cal study of the active compound produced by intended ma-

rine bacterium is necessary that will be reported in future.

CONCLUSION 

In conclusion, Th e PG- strain exhibited antibacterial activi-

ty against all tested Gram-positive bacteria. PG- isolate had 

good anti-MRSA activity and also GCI value against MRSA 

was two times lower than MIC value. Among the optimized 

fermentation parameters, carbon and nitrogen sources found 

to have a signifi cant eff ect on antibacterial compound pro-

duction by intended marine bacterium. TLC results for ethyl 

acetate extract of PG- showed that there is only a single 

fraction with antibacterial activity. We found that intended 

marine antibacterial compound is no proteinaceus in nature; 

also, it is completely secretory and has extra-cellular location. 
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Ultrastructral study on the eff ect of intended antibacterial 

compound on MRSA using TEM revealed that the target site 

for this is cell wall. Finally, P. piscicida PG- can be regarded 

as a valuable strain for discovery of new weapon in fight-

ing against multi-drug resistant bacteria, especially MRSA.
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Abstract

Cellular stress response is a reaction to changes or fl uctuations of extracellular conditions that damage the structure and function of mac-

romolecules. Diff erent stressors trigger diff erent cellular responses, namely induce cell repair mechanisms, induce cell responses that result 

in temporary adaptation to some stressors, induce autophagy or trigger cell death. Inability to repair the damage or exposure to prolonged 

stress may contribute to aging. Persistent cell stress often enhances susceptibility to cancer and aging associated diseases. Cells and tissues are 

increasingly being used for transplantations and other novel therapeutic methods in which the quality and well being of cells is of paramount 

importance for the treatment to succeed. Th erefore, discovering the mechanisms of cellular stress responses and the ability to detect and ame-

liorate them is important in prevention of development of disorders developed by persistent stress and for the success of transplantation and 

other cell related methods of regenerative medicine.  ©  Association of Basic Medical Sciences of FBIH. All rights reserved

KEY WORDS: Cell stress, adaptive response, aging, transplantation, cancer, cardiovascular disease

Clinical implications of cellular stress responses

Borut Poljšak1, Irina Milisav1,2* 

1 Faculty of Health Sciences, University of Ljubljana, Zdravstvena pot 5, SI-1000 Ljubljana, Slovenia. 2 Institute of Pathophysiology, Faculty 

of Medicine, University of Ljubljana, Zaloška 4, SI-1000 Ljubljana, Slovenia

Types of cellular stress responses 
Cells are exposed to many internal and external stimuli 

when they are a part of a normal tissue or when they grow 

in culture, some of which induce stress. Stressors can trigger 

a variety of stress responses. Depending on the 

severity and duration of stress encountered, the 

cells either re-establish cellular homeostasis to 

the former state or adopt an altered state in the 

new environment. For example, stressors can 

damage intracellular macromolecules, includ-

ing proteins, DNA, RNAs and lipids. This re-

sults either in cell reparation or cell death. Less 

severe stress may change cellular responses to 

subsequent environmental signals []. There 

are four basic types of responses (Figure ). 

Th e stressors can () induce cell repair mecha-

nisms, () induce cell responses that result in 

temporary adaptation, () induce autophagy or 

() trigger cell death []. Most of the responses 

are intended to restore the normal physiology 

of cells; in the process, they can use consider-

able amounts of resources. Th e responses that 

result in temporary adaptation to stress are 

reported the least systematically. Nevertheless, 

many biological and biomedical disciplines in-

dependently documented adaptive responses of organisms 

after the exposure of low doses of stressors []. For example, 

a low dose of mutagen would protect against damage from 

a subsequent exposure to the same, and sometimes diff er-
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FIGURE 1.  Cellular responses to stress and their consequences

Stress can induce the changes from normal to stressed cell phe-

notype. Characteristic are one or more of the folowing pathways: 

the induction of cell repair mechanisms, cell responses that result 

in temporary adaptation, autophagy or cell death. Most of these 

responses can restore the normal physiology of cells; failure to 

do so result in prolonged stress or cell death. Prolonged stress 

enhances the susceptibility to cancer and to aging associated 

diseases.
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ent, mutagen [, ]. Adaptive response was also observed in 

the fi eld of epidemiology; initially on alcohol consumption 

and various parameters of cardiovascular diseases []. Oth-

er examples of adaptation to low doses of stressors include 

the reports on the eff ects of low doses of radiation [], isch-

aemia [] and other chemicals []. Also, anti-aging and life-

prolonging eff ects of many stressors, such as e.g. calorie re-

striction, point in the same direction []. Th e above papers 

only reported observations of the connection of low dose of 

stressor to adaptation. Th e report by Nipic et al. [] demon-

strated the fi rst mechanism behind the cellular adaptation to 

stress; the adaptation to stress results in inhibition of apop-

tosis triggering by caspase- in stress phenotype. Th erefore 

there is no triggering of apoptosis through one of the two 

main apoptotic triggering pathways (i.e. intrinsic pathway) 

in the stress phenotype. Nevertheless, the suitable triggers 

can still trigger apoptosis through different pathways []. 

The question remains whether different types of stressors 

result in the same phenotype, or better whether the adap-

tation to one type of stress would protect the cells and or-

ganisms to moderate amounts of other stressors as well? 

Various types of low dose of external stressors induce the 

adaptation to stress from yeast to higher organisms [, 

] (Figure ). Whether the adaptation to various stress-

ors results in the same or in diff erent types of cellular and 

organismal responses remains to be determined in future.

Th e connection between the intracellular (intrinsic) stressor 

and potential adaptation is even more diffi  cult to establish. 

Stressors can trigger cellular responses, from within cells and 

by the immune system. Th e stress responses of non-immune 

cells are described sometimes as an intrinsic stress response, 

while the stress responses of the immune system are called 

extrinsic stress response []. Th e latter functions by signaling 

with cytokines and clonal selection of cells. Th e transcription 

of many of the genes that participate in immune response is 

regulated by NF-κB, which is a growth and division-promot-

ing factor and can thus turn into an oncogene. Th e intrinsic 

stresses can be DNA damage, hypoxia, low levels of glucose 

and amino acids, interference with mitochondrial and ribo-

somal biogenesis, the action of some toxins, etc. Th e tran-

scription factor transformation-related protein  (p) re-

sponds to such stressors. p also regulates many genes that 

prevent DNA damage or help in the DNA repair. Hypoxia, 

glucose levels and mitochondrial and ribosomal biogenesis 

are regulated by the interactions of the p pathway genes 

with the insulin-like growth factor  (IGF-)/mTOR path-

ways and the regulation of the endosomal compartment by 

p-induced genes []. In addition to its functions as a tran-

scription factor in the nuclei, cytoplasmic p has transcrip-

tion independent activities []. p is inactive in unstressed 

cells. Stress signal results in higher levels of p, through 

post-translational modifi cations, which are selectively acti-

vated by diff erent stress signals. Th is leads to transcription 

of diff erent sets of genes resulting in cell cycle arrest, apop-

tosis or the cells loose the ability to divide (are senescent). 

 The activation of p or NF-κB including pathways are 

mutually exclusive within the cells. The activation of 

p results in slowing glycolysis and restoring oxidative 

phosphorylation, while the activation of NF-κB path-

way activates cell division and utilizes large amounts 

of glucose and predominant use of glycolysis [].

Studying the adaptation to stresses is extremely important for 

the fi eld of medicine, both for basic medical science and clini-

cal practice. Th e contribution of stress responses to aging and 

disease development will be described in this paper. Testing 

for the possible adaptation to stress can improve the design 

and models of studies in diff erent fi elds: in pharmacology how 

safe and eff ective doses of drugs are determined (and tested), 

how environmental, occupational and consumer exposure 

standards are derived and how risks and benefi ts are assessed.

Stress and aging
Accumulation of damaged macromolecular structures over 

time was long recognized to lead to aging. Th ere are many 

studies, which link the decline in the eff ectiveness and inte-

gration of stress responses to ageing and the development of 

age-related diseases []. Modulation of mitochondrial and 

metabolic functions and mobilization of macromolecular 

FIGURE 2.  External and internal stressors can induce cellular ad-

aptation to stress. Potent inducers of cellular stress from within 

and outside the cells are excessive amounts of oxidants. As some 

oxidants (reactive oxygen species) are needed for proper func-

tioning of the organism, it is the oxidative/antioxidative imbal-

ance that results in cellular stress [19]. 
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maintenance and repair leads to life extension in modeling 

organisms. The mitochondrial free radical theory of aging 

implies that aging is caused by damage of macromolecules by 

mitochondrial reactive oxygen species (ROS) []. Whether 

ROS damage is an initial trigger or the main eff ector of the 

aging process is a topic of current debates []. Certainly, the 

aging process results from a loss of homeostasis due to accu-

mulation of molecular damage to DNA, proteins and lipids. 

However, the transient generation of ROS, within boundar-

ies, seems to be essential to maintain the cellular homeostasis 

during physiological and stress conditions. Th is is supported 

by the observations of the importance of proper oxidative/an-

tioxidative balance for health and longevity []. Th e adminis-

tration of antioxidants to various species of invertebrates and 

humans did not result in anticipated benefi cial eff ects. On 

the other hand, low amounts of ROS may act as secondary 

messengers in cells; the studies in C. elegans and rodents have 

even reported that the increased production of ROS in young 

animals resulted in life extension [, , ]. Th is may be an 

evidence of the benefi cial role of stress responses. Needles to 

say that higher amounts of ROS exposure may be involved 

in aging and disease progression and in such cases the tox-

icity of ROS participates in creating a damage, which is well 

documented in aging and neurodegenerative diseases [].

Stress and chronic diseases
Excessive amounts of ROS, overloading of the peroxidized 

polyunsaturated fatty acids (hydroxynonenals), products of 

cholesterol oxidation, mutations favoring protein misfold-

ing, altered glycosylation, etc. may cause a severe stress and 

lead to accumulation of unfolded or misfolded proteins in 

brain cells []. Th e so called ‘aggregated proteins’ accumu-

lation is a hallmark of many neurodegenerative diseases, 

like Alzheimer’s, Parkinson’s, Huntingdon’s, amyotrophic 

lateral sclerosis and Friedereich’s ataxia [, ]. Cell stress 

and stress proteins have a profound eff ect in triggering/de-

veloping the cardiovascular diseases, too. It was fi rst observed 

in 's that the patients infected with Mycobacterium tu-
berculosis or M. leprae have antibodies to an antigen, which 

was identifi ed subsequently as heat shock protein (Hsp). 

It is now confi rmed that Hsp and other chaperones, like 

Hsp, Hsp and Hsp family members are strong imu-

nogens and immunomodulators in experimental models 

of arthritis, diabetes and atherosclerosis []. Apart from 

the potent intracellular role of Hsp proteins as facilitators 

of correct protein folding and re-folding of misfolded pro-

teins, many of them are potent activators of immune cells 

and may act as adjuvants and as immunogens, possibly as 

in the case of Mycobacterial infection. Atherogenesis may 

be driven by cross reactive immunity to bacterial Hsp 

proteins. Namely, the host Hsp proteins are expressed 

on the stressed endothelial cells. Th e exposure to long term 

severe non-lethal stress may therefore result in pathology.

Cellular adaptation to stress in tumor and normal cells
The accumulation of damage over long-term enhances 

the susceptibility to aging-associated illnesses, described 

above, and also to cancer (Figure ). Rudolf Virchow ob-

served the connection between chronic infl ammation and 

cancer in  []. It still stands that the increased risk of 

malignancy is connected to chronic inflammation caused 

either by chemical and physical agents or autoimmune 

and inflammatory reactions of uncertain aetiology. Pro-

longed stress therefore may result in malignancy. Th e well 

known examples include the connection of prolonged 

exposure to silica, asbestos and cigarette smoke to the in-

creased risk of developing bronchial cancer; chronic infec-

tions with H. pylori and Papillomavirus and the risk of de-

veloping gastric and cervical cancers, respectively, etc []. 

When normally growing cells are in contact with carcinogens, 

they may respond by undergoing growth arrest, apoptosis or 

necrosis. Also, a population of genetically modifi ed cells may 

emerge with intrinsic or induced resistance to apoptosis []. 

Control of intracellular concentration of ROS seems critical 

for the survival of cancer cells. For example, the acute increas-

es in intracellular concentrations of ROS may cause the inhi-

bition of glycolysis and divert the glucose fl ux into the pen-

tose phosphate pathway in human lung cancer cells []. Th is 

generates suffi  cient antioxidant response for detoxifi cation of 

ROS, therefore enables the cancer cells to withstand the initial 

oxidative stress and subsequently enables their proliferation. 

Th e epithelial cells detached from the extracellular matrix 

would normally not survive, as such cells lose the ability to 

take up glucose, which result in ATP deficiency. The de-

tached epithelial cells can be rescued through two diff erent 

pathways []. The expression of cancer promoting onco-

gene ErbB restores the cell’s ability to take up glucose and 

reduces the levels of ROS through the antioxidant-generating 

pentose phosphate pathway. Alternatively, the ATP defi cien-

cy could be rescued by antioxidant treatment, which stimu-

lates fatty acid oxidation otherwise inhibited by detachment-

induced ROS. Th e latter cell rescue occurs without the rescue 

of glucose uptake. Th erefore, the perturbation of oxidant/

antioxidant balance (the lowering of oxidative stress) pro-

motes the survival of pre-initiated tumor cells even detached 

from the extracellular matrix environment by altering meta-

bolic regulation, which results in enhanced malignancy []. 

To summarize, pre-cancer cells may lead to neoplasia as a 

result of their altered growth/death ratio, due to disrupted 

cell cycle control, genomic instability or altered metabolism.

Even tumor cells can become more invasive if they are pre-

exposed to stress, i.e. preconditioned. Acutely hypoxic tumor 
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cells were found to be more metastatic then normoxic []. 

Patients with hypoxic primary tumors have an increased 

frequency of locoregional treatment failure, increased in-

cidence of distant metastases and poor disease-free and 

survival rates []. Mice exposed to acute cyclic hypoxia 

showed increased incidence of pulmonary metastases, their 

primary tumors have increased blood perfusion, microvas-

cular density and expression of vascular endothelial growth 

factor-A. Preconditioning against the proteins induced as the 

consequence of stress responses may improve the outcome 

of cancer therapy in experimental models. Neutralization 

of vascular endothelial growth factor (VEGF) in endothelial 

cells by specifi c antibody could enhance the anti-tumor ac-

tivity of carboplatin in an in vivo ovarian cancer model []. 

On the other hand, decreasing the stress response in tumor 

cells by preconditioning them with various agents is often 

explored in experimental models with the aim of develop-

ing the method to increase the susceptibility of tumor cells to 

treatment. For example, the abolition of stress-induced pro-

tein synthesis by cycloheximide sensitizes leukemia cells to 

anthracyclins, the currently successful anticancer drugs [].

In conclusion, the connection between chronic inflam-

mation and cancerogenesis is known for over hun-

dred years; one of the recently established hallmarks 

of cancer is the presence of stress phenotypes []. 

Stress and transplantation
As discussed above, the adaptation of normal cells to stress 

is benefi cial in the short term and can be detrimental in the 

long term. Th ere are medical procedures during which the 

cellular resistance to stress is benefi cial, for example, when 

handling the cells and tissues for transplants. Also, the trans-

planted cells must thrive in vivo at the site of transplanta-

tion, in spite of the fact that the stress factors, which caused 

the deterioration of original cells, may be still present at the 

site of transplantation. Th e increased survival of cells in ex-

perimental models is attempted often through precondition-

ing of transplanted cells with chemical agents and by gene 

transfer [-]. The preconditioning of retinal pigment 

epithelial cells by limited exposure to non-lethal oxidative 

stress results in protection against subsequent HO-in-

duced cell death []. Such preconditioning of retinal cells 

may improve the survival of these cells after the transplan-

tation into the environment with increased oxidative stress. 

Th erefore, such preconditioning is potentially important as 

a basis for the development of new treatment procedures.

Preconditioning has a physiological role, too. Some of the 

cells in the organism need appropriate stress in order to 

function properly. For example, vascular endothelial cells 

need appropriate physical stimuli to maintain their struc-

ture and function []. The vascular endothelial cells of 

liver, the sinusoidal vascular endothelial cells, have small 

pores, through which shear stress is applied to hepatocytes 

as well. Th ere is an almost constant shear stress in undam-

aged liver. Remodeling of sinusoidal structures was ob-

served in the liver culture exposed to either no shear stress 

or to high shear stress, compared to the tissue exposed to 

moderate shear stress []. Th is fi nd seems to have impor-

tant implications for medical procedures on liver. Rapidly 

increased portal flow producing high shear stress may oc-

cur after massive liver resection or during ischemia/reperfu-

sion in liver transplantation []. Th e increased portal fl ow 

may result in postoperative hepatic insuffi  ciency in serious 

cases. Also, when a small-for-size graft is implanted in adult 

living donor liver transplantation, the increased portal fl ow 

after reperfusion (in the small graft) contributes to the poor 

prognosis following the transplantation. Th erefore, periop-

erative fl ow management during the surgical procedures on 

liver is important and may improve the postoperative result.

CONCLUSIONS

Encountering the stressors is the normal consequence of 

living in a fl uctuating environment; therefore, the cells have 

developed mechanisms to ameliorate the stress or to adapt 

to it. Th is is achieved through the repair of damage, adapta-

tion, reuse of resources and a limited cell death. Living with 

stressors is unavoidable in the life of organisms and cells, 

thus the cells have to divert at least some of their resources 

from other pathways, to deal with the consequences of 

stressors. Our cells are well adapted to exposure to a mild 

stress for a short time. In contrast there are potentially se-

rious consequences of exposure to the prolonged stress.

Cellular stress can at least contribute to, or even trigger, 

many diseases and malignant transformations and has an 

important role in aging. To ameliorate or repair these pro-

cesses the cells are being used in cell therapies and regenera-

tive medicine. For maximal therapeutic success it is impor-

tant to use the cells in the best condition possible or those 

adapted to stress. Discovering the detailed mechanisms 

of stress responses, some of which are described here, will 

improve the assessment of the condition of transplanted 

cells and to better their handling and transplant survival 

rates. Even more important, the knowledge of cell stress re-

sponses is important for the well being of normal cells and 

may form a basis for development of preventional measures 

and treatments of diseases significantly influenced by per-

sistent stress, like cancer and neurodegenerative diseases.
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Abstract

Gastrointestinal tract xanthomas are non tumor, well demarcated mucosal lesions that consist of foamy histiocytes, most commonly diag-

nosed in the stomach. Th e histologic appearance of xanthomas can resemble certain malignant lesions. After retrospective data base search, 

we have encountered only  cases of xanthomas, both in the antral part of the stomach. Lamina propria of the mucosa contained rare, chronic 

infl ammatory infi ltrate and clusters of oval and polygonal cells with abundant, foamy cytoplasm. Th e cytoplasm of described cells did not 

show the presence of mucin (Periodic acid-Schiff  (PAS) and Alcian blue staining). Th e cells showed distinct cytoplasmic CD positivity and 

CKMNF negativity, which confi rmed the diagnosis of xanthoma. Given the frequent association of xanthomas and known precancerous 

lesions of gastric mucosa, and occasional coexistence of malignant change, we need to pay attention to its diagnosis, and it is advisable to use 

both histochemical and immunohistochemical methods.  ©  Association of Basic Medical Sciences of FBIH. All rights reserved

KEY WORDS: xanthoma, stomach, diff erential diagnosis, CD antigen, cytokeratin MNF.
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INTRODUCTION

Xanthomas of the gastrointestinal system are tumor-like le-

sions that occur in the form of yellow to white, well demar-

cated mucosal nodules or plaques. Histologically, xanthomas 

consist of clusters of foamy histiocytes containing lipid []. In 

the gastrointestinal tract xanthomas are mostly diagnosed in 

the lamina propria of the stomach, mainly in the antrum and 

pyloric region, while the esophagus, small and large intestine 

are very rare localizations []. Th e incidence of gastric xan-

thomas detected at endoscopy varies from . in Europe 

to . in China. Analysis of autopsy material by Kimura et 

al. that targeted examination of the presence of gastric xan-

thomas, found data on the incidence of , as opposed to 

Feyrter et al. who determined an incidental fi nding of gas-

tric xanthomas at autopsy with a frequency of . [, ].

The histologic appearance of xanthomas can resemble 

certain malignant lesions [, ] such as clear cell type of 

carcinoid tumors [, ] and signet ring cell type adenocar-

cinoma []. Although this is a benign lesion, considering 

the differential diagnosis of this entity, we found it im-

portant to draw attention to the morphological and im-

munophenotypic characteristics of gastric xanthomas.

MATERIAL AND METHODS

A retrospective chart review was performed (january st 

– August st ) at the tertiary medical center (Clini-

cal Center of Vojvodina, Center for Pathology and Histol-

ogy) in order to fi nd out the number of diagnosed xantho-

mas and study their histomorphological features. Th e data 

were obtained from pathohistological reports of the patients 

who underwent biopsy sampling of mucosa the stomach 

during upper gastrointestinal tract endoscopy procedures. 

In the mentioned period, only two cases of gas-

tric xanthomas were diagnosed (in  and ).

Biopsy specimens reported in Case  were fixed in 

 formalin and in Case  in  alcohol. After fixa-

tion material was dehydrated in alcohol and embed-

ded in paraffin. Sections -μm thick were stained with 

hematoxylin and eosin (HE) and Giemsa methods.

CASE 
A  years old female patient, during the upper gastrointesti-

nal endoscopy, has been diagnosed with a polyp of the stom-

ach and suspicion of celiac disease. Biopsy material sampled 

during the endoscopy was sent to histopathological analysis.

Biopsy sample of the duodenal mucosa by its histological 

characteristics did not confi rm the presence of celiac disease.

Sample taken from the stomach was a papillary, superfi cial 

part of the gastric mucosa, mainly from the foveolar layer. 

Superficial and foveolar epithelia of gastric type were pre-
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served, without signs of intestinal metaplasia or Helicobacter 

pylori (H. pylori). Antral type glands specifi c for that region 

were located only at the edges of the sample. In the lamina 

propria there was a rare, chronic infl ammatory infi ltrate of 

lymphocytes and plasma cells, along with the clusters of oval 

and polygonal cells. Cytoplasm of polygonal cells was abun-

dant, foamy and eosinophilic and these cells contained hy-

perchromatic, oval to round nuclei of uniform size (Figure ). 

In order to confi rm the diagnosis and rule out the possibil-

ity that the described cells were malignant epithelial cells, the 

material has been subsequently stained using histochemi-

cal methods Periodic acid-Schiff  (PAS) and Alcian blue and 

immunohistochemically using antibodies to CD and CK-

MNF (Dako). Th e cytoplasm of the described cells did 

not show the presence of mucin. Th e cells showed distinct 

cytoplasmic positivity to CD (Figure A) and negativity to 

CKMNF (Figure B). Th is histochemical and immuno-

histochemical profi le confi rmed the absence of carcinoma 

cells. Histomorphological characteristics of the examined 

material indicated the xanthoma of gastric mucosa. We 

stated a defi nite diagnosis of gastric xanthoma. Because we 

did not have accesses to a fresh specimen (it was embed-

ded in paraffi  n entirely) frozen sections were not available 

and the presence of fat vacuoles inside cells could not be 

shown by histochemical staining (Sudan black and Oil red).

CASE 
Th e patient was a man aged  years, with no clinical data 

available. Th ree biopsy samples were taken from the stom-

ach: antral mucosa, mucosa of the corpus and a sample 

from a submucosal lesion of the antrum that on the endo-

scopic examination gave the impression of adipose tissue.

Histological examination of the gastric mucosa in the antrum 

and in the corpus showed mild atrophy and lymphocytic in-

fi ltration, without the presence of intestinal metaplasia and H. 

pylori. Th ird sample was a slightly papillary, polipoid sample 

of gastric mucosa. Th e lamina propria was entirely crowded 

with large, polygonal cells with abundant, foamy cytoplasm 

fi lled with numerous vesicles (Figure ). Cytoplasm of these 

cells was negative when stained with PAS and Alcian blue 

methods. Gastric glands have not been observed in this 

specimen. (Immunohistochemical staining was not per-

formed on this specimen due to inadequate alcohol fi xation.)

DISCUSSION

Although gastric xanthoma was first described by Orth 

back in the , its etiology and clinical significance are 

still unclear []. Data on the frequency of gastrointestinal 

xanthomas and the linkage with the more frequent mani-

festation in a particular sex are signifi cantly diff erent in the 

literature [, ]. Th e vast majority of authors agree that the 

xanthomas typically occur in the stomach (), mostly in 

the antral region () [, ]. Both cases that we have en-

countered were gastric xanthomas, located in the antrum of 

the stomach, which is in accordance with the literature data.  

Th is type of change is common in the elderly (incidence of 

. in the age group of - years) although it can be seen 

in people of all age []. In our case, the lesion was diagnosed 

in female patient aged  years, and in elderly male patient 

aged  years, both in the antral part of the gastric mucosa.

The etiology of gastrointestinal tract xanthomas 

is not fully understood although it is believed that 

the mucosa affected by certain pathological pro-

cesses is more susceptible to their occurrence [, ].

FIGURE 1.  Gastric xanthoma cells with abun-

dant foamy cytoplasm and centrally located 

nuclei (HE, x400).

FIGURE 3.  Gastric xanthoma (HE, 200x).

FIGURE 2.  Immunohistochemistry of the xanthoma; (A) microphotograph showing 

diff use cytoplasmic expression of CD68; (B) microphotography showing CKMNF116 – 

negative xanthoma cells.
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Yi et al. believe that the transformation of macrophages 

into foamy cells can be induced by phagocytosis of H. py-

lori bacteria, which penetrate into the lamina propria 

[]. This data was confirmed by the finding of H. pylori 

antigens in the cytoplasm of foamy cells even in cases 

where the presence of bacteria in the mucosa was not de-

tected []. In both our cases H. pylori was not observed.

During the repair of damaged mucosa debris rich in lipid 

materials is produced, and phagocytosed by tissue macro-

phages and thus form the foamy cells [, , , ]. Yi et al. indi-

cate that the mucosal atrophy is signifi cantly associated with 

the presence of xanthomas []. As sample of the  years 

old patient did not contain the full thickness of the mucosa, 

and antral glands were located in a small number only on 

the edge of the section, the presence of atrophy could not 

be assessed. Mild atrophy was detected in antrum and the 

corpus of the stomach in the  year old patient, but in the 

specimen that contained foamy cells glands were not pres-

ent. None of the other precancerous pathological processes 

that make the lining more susceptible to the emergence 

of xanthomas (active gastritis, ulcers, intestinal metapla-

sia, gastric resection) were not present in our patients [].

Linkage between patient’s lipid metabolism and cutane-

ous xanthelasma is widely accepted [, ]. Th e data about 

the connection lipid metabolism disorders and gastro-

intestinal tract xanthomas is inconclusive [, ]. Patients 

presented here were referred by physicians from other in-

stitutions (and other cities on a territory of Vojvodina) for 

endoscopic examinations so the clinical data on the values 

of serum lipid levels, in our cases could not be obtained.

Endoscopically and histologically gastric xanthomas may 

resemble malignant tumors of the stomach in terms of a sig-

nifi cant histopathologic diff erential diagnosis problem []. In 

addition to the morphological features that can resemble can-

cer, Muraoka et al. reported on the case of early gastric cancer 

and xanthomas where xanthoma cells and cancerous cells 

were in contact with each other, but with clear immunophe-

notypic diff erences []. Th ey have proven that xanthoma 

cells did not originate from tissue macrophages, but from ac-

tivated monocytes that pass from the bloodstream under the 

infl uence of various factors and infl ammatory mediators [].

In our cases, the possibility of the presence of malignant 

epithelial mucinous cells was rejected based on histochemi-

cal staining which clearly proved the absence of mucin in 

both cases, while in the case of  year old patient and im-

munohistochemical negativity of CKMNF showed 

that these cells are not of epithelial origin. CD positiv-

ity proved them to be macrophage cells. Th ese histochemi-

cal and immunohistochemical profile of xanthoma cells 

is consistent with the allegations of the literature [, , ].

CONCLUSION

Given the frequent association of xanthomas and 

known precancerous lesions of gastric mucosa, and 

occasional coexistence of malignant change, we 

need to pay attention to diagnosis of xanthomas.

It is advisable to use histochemical and immunohisto-

chemical methods to confi rm the diagnosis of xanthomas 

and eliminate the possibility of gastric malignancy. In our 

case, xanthoma was diagnosed in a young female, in the 

absence of associated etiologic factors and mucosal dam-

age. In the elderly male patient mild atrophy was present 

but as the data on lipid status of both of our patients was 

not collected, it is possible that the appearance of xantho-

mas was associated with disorders of lipid metabolism.
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Abstract

Patients with Morquio syndrome possess a number of characteristics which may complicate an anaesthetic procedure. Th e most important is 

that a deposition of mucopolysaccharides in the soft tissues of the oro-pharynx distorts the airway, making the airway management diffi  cult, 

while the atlanto-axial instability puts these patients at risk of subluxation and quadriparesis.

As the endotracheal intubation in Morquio syndrome patients may be diffi  cult or even impossible, we recommend the technique of awake 

fi beroptic intubation to be considered.

Our approach to awake fi beroptic intubation in an adult patient is described in this case report.

 ©  Association of Basic Medical Sciences of FBIH. All rights reserved
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INTRODUCTION

The mucopolysaccharidoses (MPS) are a family of lyso-

somal storage diseases that result in abnormal accumula-

tion of glycosaminoglycans throughout the body. There 

is a broad spectrum in severety of expression of the mus-

culoskeletal and neurological manifestations of these 

diseases, ranging from an early and obvious presenta-

tion, with rapid degeneration and death, to a nearly as-

ymptomatic phenotype and normal life expectancy []. 

Th e Morquio–Brailsford syndrome, known as mucopolysac-

charidosis type IV (MPS IV), is listed as a "rare disease" by the 

Offi  ce of Rare Diseases of National Institutes of Health, with 

a prevalence of /  -  people. Th is defi ciency 

leads to accumulation of keratin sulfate and chondroitin-

-sulfate in connective tissue, skeletal system und teeth []. 

Infi ltration of the tissues may lead to anaesthetic problems. 

Th is includes distortion of upper airway anatomy with a large 

tongue and dental abnormalities which makes the endotra-

cheal intubation diffi  cult or impossible [, ]. Spinal abnor-

malities are common. Atlantoaxial instability with resultant 

myelopathy and spastic quadriparesis has been described 

in both, MPS IV and MPS VI. Cervical fixation at the oc-

ciput–to-C level is frequently needed in these patients and 

in fact profi lactic occipito-cevical fusion has been strongly 

advocated for patients 

with Morquio syndrome 

independent of neuro-

logical symptoms [, ]. 

Cardiac abnormalities 

may be present. Aortic 

regurgitation is the most 

commonly observed 

valvular abnormality in 

patients with Morquio 

syndrome. However, few 

reports have been pub-

lished describing cardiac 

surgery in patients with 

mucopol isacchar ido-

sis, including Morquio 

s y n d r o m e ,  b e c a u s e 

valve disease becomes 

usually symptomatic 

only late in the course 

of these diseases [].

MPS IV induced tho-

racic cage deformity, 

kyphoscoliosis, may re-

duce the long volumes 

and cause ventilation-

perfusion mismatch 

[]. Unlike other forms 

of mucopolysaccharoi-

doses, MPS IV patients 
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patient by Peter Romberg
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have and retain normal intelligence throughout life []. 

As the patients with mucopolysaccharoidosis are being re-

ferred to hospital for surgery more frequently compared to 

average population, it is important to gain basic knowledge of 

the disease in spite of the low incidence of the syndrome [].

An (art adapted) photo of a typical Morquio syndrome pa-

tient is attached as Figure .

CASE REPORT

A  year old man, with Morquio syndrome presented at our 

Orthopaedic Department with the pain on the hips, limiting 

his walking ability to maximally  minutes. Bilateral coxar-

throsis with deformity of the joints was diagnosed. A unilater-

al, total hip replacement had to be performed on the right side 

fi rst and after the period of revalidation, on the left, as well.

His length was  cm and weight  kg. Th e patient had 

a large head which seemed to be positioned on his tho-

rax because of extremely short neck. Inspection of the 

mouth showed a large tongue with a Mallampati score III.

Past history revealed cervical stabilization by the poste-

rior spondylodesis C-C. Recent radiological investiga-

tion of cervical spine detected abnormal shape and insuf-

ficient height of vertebral corpora and some degenerative 

changes (Figure . and .) Radiological examination of 

lumbar spine showed typical scoliosis and torsion, with low 

height and wide corpora. Cardiology report was normal and 

the lung function test revealed slight diffusion problems.

He used no other drugs except pain medication (paracetamol 

and diclofenac). During preoperative evaluation it became 

clear that unsuccessful spinal anaesthesia for a recent minor 

procedure precluded use of this technique again. Th e remain-

ing option was awake (sedated) fi beroptic intubation (AFI). 

Every step of AFI was explained to the patient and empha-

sized the importance of his cooperation. Enough time was 

planned for the preparations. Th e patient was given an infu-

sion and connected to standard monitoring. To relieve the 

anxiety and to achieve some amnesia,  mg of midazolam 

was given intravenously. As it may prove very diffi  cult (or 

impossible) to accomplish an oral AFI intubation, due to 

a narrow space between the large tongue and the pharynx 

wall and the sharp angle that has to be made by the scope to-

wards the glottic opening, we prepared the nasal route as well.

A vasoconstrictor, , xilometazoline nose drops were given 

fi rst, followed by  lidocaine gel ( cm ) in each nostril. Th e 

tongue and the pharynx were prepared by spraying - ml 

of  lidocaine. After a few minutes it was possible to place 

de tong depressor deep enough to anesthetize the back of 

the tong and pharynx wall by spraying another - ml of  

lidocaine spray, asking the patient to take a deep breath si-

multaneously. We avoid higher concentration of local anes-

FIGURE 2.  RTG photo of dens, preoperative.

FIGURE 3.  RTG photo of cervical spine, preoperative.
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thetic because it causes more irritation of the mucosa. After 

a few more minutes we checked the sensitivity of nasal and 

pharyngeal surface by touching it. Patient felt no discom-

fort and an Ovassapian intubating oro-pharyngeal airway 

was inserted easily. Nasal oxygen prongs were placed with 

the flow of  liter /min. Intravenous sedation was started 

by propofol continuous infusion mg/kg and remifentanyl 

, μg/kg/min. Antisialogog, atropine , mg was adminis-

tered intravenously. Th e patient continued to breath spon-

taneously, felt comfortable and remained cooperative. Th e 

fi berscope was prepared so that an epidural catheter (with 

three standard side-openings at the end) was threaded via 

the working channel to be used for spraying the vocal cords.

The fiberscope was passed via the intubating airway and 

the vocal cords appeared in view after some chin-lift ma-

neuver. We used spray-as-you-go technique to anes-

thetize the vocal cords with  ml of  lidocaine. That 

provoked some coughing. After waiting for about  sec-

onds, the fiberscope was passed through the glottis until 

the carina and the endotracheal tube railroaded to tra-

chea. The tube position was confirmed by auscultation 

and capnography and general anesthesia induced. The 

operation was uneventful and awake  extubation followed.

DISCUSSION

The Morquio –Brailsford syndrome is a progressive dis-

order of connective tissue. It is known as mucopolysac-

charidosis type IV. The various enzymatic defects lead to 

accumulation of keratin sulfate and chondroitin--sulfate 

in connective tissue, skeletal system und teeth, brain, 

heart, liver, spleen and tracheobronchial tree, leading to 

characteristic physical appearance and resulting in end-

organ disfunction []. The basic diagnostic test is the de-

tection of excessive amount of these substances in urine.

Th e airway issues by patients with Morquio syndrome are fre-

quently complicated by cervical spine instability and the risk 

of subluxation (cord trans-section in a child reported in lit-

erature) []. Radiological investigation should be performed 

before the operation and the problems discussed with the 

radiologist and neurosurgeon, in case of elective surgery. In 

case of an emergency, the approach to the airway and the 

cervical spine should follow the guidelines used for patients 

with suspected cervical spine injury (rigid collar). Th e neck 

fi xation increases the diffi  culty of the airway management.

In addition to the airway issues, preoperative pulmonary 

testing should be performed in these patients. Respira-

tory function can be compromised by chronic respira-

tory disease, recurrent pulmonary infections, obstructive 

sleep apnea and kyphoscoliosis leading to restrictive lung.

Cardiac infiltration may lead to myocardial dysfunc-

tion, coronary artery lesions and valvular dysfunction.

Th e most important problems concerning the airway man-

agement are based on intracellular accumulation of muco-

polysaccharides resulting in macroglossia, limited mouth 

opening due to involvement of temporo-mandibular joints, 

short neck and subglotic narrowing. These elements may 

lead to “cannot intubate -cannot ventilate situation” [].

Oral fiberoptic technique might be difficult due to large, 

heavy, anteriorly placed, “hanging epiglotis” (sometimes 

resting on the tong base) making the passage of the fi-

brescope towards the glotic opening impossible. Na-

sal fiberoptic technique is strait forward, but might be 

difficult related to mucopolisaccharoide infiltration in 

the nasopharynx, with the increased risk of bleeding. 

Careful preoperative airway examination should be done to 

predict and evaluate the possible problems. When the airway 

risk is present, loco-regional technique should be applied if 

possible. However, the use of spinal anesthesia can be diffi  cult 

due to progressive scoliosis. Also the optimal dose of local 

anesthetic is diffi  cult to predict due to (heavy) growth retar-

dation in some of these patients. Regardless of the technique 

chosen, all necessary equipment to deal with diffi  cult airway 

should be readily available in case of complications or failure.

There is also a controversy about the appropriate means 

of induction. Some anaesthesiologists prefer the use of in-

travenous and others of inhalational agents (especially in 

children), but most of the authors suggest to avoid the 

use of muscle-relaxants. The relaxation of the supraglot-

tic tissue may preclude effective bag-mask ventilation [].

Endo-tracheal intubation using fiberoptic technique, be-

ing minimally invasive and allowing neutral head po-

sition is strongly recommended in these patients [].

Attention to maximize the respiratory function postoperative 

is essential to avoid the obstruction and postoperative respi-

ratory failure.

CONCLUSION

In conclusion, we recommend the technique of awake, fi-

beroptic intubation to be considered in adult patients 

with Morquio syndrome. Oral fi breoptic approach, as less 

traumatic, should be the fi rst choice, keeping in mind that 

nasal route might be needed, and should be prepared as 

well. We strongly recommend not to use muscle relax-

ants, as they may impair the effi  cacy of a bag-mask ventila-

tion, leading to can-not -intubate can-not-ventilate situation.
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Abstract

We described a patient with bilateral iris metastases resulted from prostatic cancer. Slit lamp and ultrasonography examination of the both eye 

demonstrated tumor of the iris, as an amelanotic vascular mass located on the superior temporal quadrant.

On open biopsy revealed undiff erentiated tissue that stained strongly positive for prostate carcinoma, confi rming the diagnosis of metastasis 

prostate adenocarcinoma. Early diagnostic procedures are essential for the causal therapy of prostate carcinoma as the primary neoplasm.

  ©  Association of Basic Medical Sciences of FBIH. All rights reserved
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INTRODUCTION

The first case of choroidal metastases of prostate carci-

noma was described in . by Perls []. The predomi-

nant sources of metastatic carcinoma to the choroid are 

lung in men and breast in women []. Th e iris metastases 

are uncommon and they represent   of all adult uveal 

metastases []. It is well known that prostatic carcinoma 

metastases are the most common metastases in the eye, 

but they are very rare at the iris. Each diagnosis must be 

viewed with scepticism unless there is histological and if 

possible hystochemical confirmation. Slit lamp examina-

tion indicated on iris pseudo tumor or non-specifi c increas-

ing of tissue []. Th e aim of this manuscript is to represent 

the case on iris metastases of prostatic cancer with biopsy 

confi rmation that had a strong prostate-specifi c staining []. 

CASE REPORT

A  years old man was admitted to the Clinic of Ophthal-

mology, Clinical Centre of Kragujevac in Serbia with the signs 

of increased intraocular pressure and with infl ammation in 

anterior chamber of both eyes (Figure a). Duration of the 

symptoms was more than one month. Ophthalmological 

examination showed infl ammation in anterior chamber with 

endothelial precipitates and tumor on the iris. Neoplasm 

was located at -h on the basis of the iris of right eye and 

on the -h on the basis of the left eye. Gonioscopy showed 

angle tumor infiltration. Fundus examination was regular. 

Th e best corrected visual acuity on the right eye was /, 

and on the left eye was /. Intraocular pressure measure-

ments were:  mm Hg - right eye and  mm Hg - left eye.

Ultrasonography of the both eyes was regular (Figure b). 

Anamnesis dates showed that patient was treated from 

prostatic carcinoma by hormonal therapy during the five 

years. Also, he was examined every year (blood examina-

tions, tumor markers, lung radiography, abdomen ultraso-

nography, CT of the brain, sceletal scintigraphy). Th ere were 

no metastases. Later, he was treated with chemotherapy.

After urological examination, tumor was detected on 

digital rectal examination, and the serum prostate-

specific antigen level was  ng/ml. Prostate biopsy 

was consistent with adenocarcinoma, Gleason score 

. Hormones therapy was suggested again (Figure ).

Skin metastases were detected and skin biopsy was performed 

(Figure c). Prostate cancer metastases was verifi ed. Patient 

was treated with medicament antiglaucomatous drugs (carbo 

anhydrasis inhibitor, beta-blockers, etc) and with cortico-

steroids. Intraocular pressure was well regulated and pain 

disappeared. An open biopsy indicates on undiff erentiated 

tissue that stained strongly positive for prostatic-specifi c acid 

phosphatase, confi rming the diagnosis of metastases of pros-

tatic carcinoma. Immunohystochemical studies were strongly 

positive for prostatic cancer. Th e patient was referred to on-

cologist for detailed prostatic examination. Native graphy in-

dicated for neoplasm of prostate. Later examination showed 

positive regional lymph nodes. Definitive diagnosis was: 

Glaucoma sec. Tumor intra bulbare sec. A biopsy of the iris 
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mass on both eyes showed infl ammatory and cellular atypical 

infi ltration strongly positive of prostatic carcinoma staining.

DISCUSSION

In  –   eye metastases are the fi rst sing of cancer dis-

ease [, ]. The incidence of metastases to the iris among 

patients with prostate carcinoma has been reported to vary 

between  -   []. Prostate carcinoma is the most common 

primary cancer to cause metastases in the iris []. Th e fi rst 

sign of prostatic carcinoma can be iris metastases []. Diag-

nosis of this disease entity requires a high clinical suspicion. 

Our patient complained of the visual loss, eye pain, watering, 

skin tumors, etc. []. He had a positive history with cancer. 

Ultrasonography, CT and MRI examinations are the modali-

ties of diagnosis []. Th e iris metastases were amelanotic tu-

mors with moderate dilated vessels and in growing to ante-

rior chamber and iridocorneal angle (Figure ). Infl ammatory 

reaction in the anterior chamber was presented. An excision 

biopsy remains the gold standard and showed invasive lobu-

lar cancer of prostate []. Radiography examinations showed 

thickening in the region of the prostata but no mass lesion. 

Th e histopathology report showed positive cavity margins 

with focal lobular carcinoma in situ. A total prostatectomy 

was not planed, because of tumor dimension and surround 

infiltration. Idiopathic iris inflammatory syndrome or iris 

pseudo tumor may be considered in the diff erential diagnosis. 

Later the optimal plaque-radiotherapy was performed []. Pa-

tient died. Anytime, when ophthalmologist has a patient with 

unilateral/bilateral painful, red eye with tumor at the iris, the 

choroidal metastases must be considered through very de-

tailed team- examination with urologists and radiologists []. 

Patients with eye metastases were found to have widespread 

metastatic disease elsewhere. Th is is most like to occur in 

metastatic scirrhous and solid prostate cancer with regional 

lymphadenopathy and with severe changed fi brotic stroma 

[]. Most of these cases respond well to hormonal therapy 

and local radiotherapy for the metastases. Chemotherapy 

and hormonal therapy are usually needed for the primary 

carcinoma and metastases []. Recognizing of metastatic 

disease and some early treatment are very important to im-

prove quality of life in our patients []. Th e prognosis is very 

poor, and the mean survival time for patient with prostate 

cancer was reported to be  -  years after the diagnosis of 

eye metastasis and after enucleation or egzenteration [].

Metastases of prostate cancer to the iris are extremely rare. 

We presented this case to remind ophthalmologists and 

radiologists of the diagnosis of metastases prostatic car-

cinoma to the eye and the usefulness of the hystochemi-

cal staining of biopsy material for prostate-specific stain. 

CONCLUSION

Every ophthalmologist must remember that eye metas-

tases in men showed need for detailed prostate examina-

tion as well as the examination of the whole body. The 

iris and choroidea can be the only metastatic localiza-

tion of the prostate carcinoma. Planned diagnostic pro-

cedures are the base for the optimal causal therapy 

of prostate carcinoma as the primary neoplasm [].
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Letters to editor

Researching chemicals in human milk can be 
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Continued monitoring of environmental chemicals is impor-

tant for understanding human exposure and potentially relat-

ed health risk(s). Cinar et al. [] contribute to our knowledge 

on infant exposures to environmental chemicals in breast 

milk. However, the messages implicit both in the title and in 

the paper itself are unnecessarily alarming and are likely to 

be interpreted by mothers and health professionals as indicat-

ing that breast feeding is generally unsafe in certain regions 

of Turkey. For example, the conclusion that “Rural area also 
may not be safe for breastfeed babies” is based on an evaluation 

of  women, without regard to diff erences in their potential 

exposure patterns; lifestyle, smoking status, occupation, body 

mass index, or residential history. It is unclear whether these 

women are in any way representative of rural areas in Turkey, 

or rural areas in general. Further, the authors do not provide 

reference values with which to compare the levels of metals 

that they report, and the values that they report for several 

metals are - times higher than the levels reported in 

other studies (although it is unclear whether they have re-

ported the levels with correct units; the authors note that 

the mothers’ levels were lower than recommended levels 

of  microg/L (Hg) and  microg/L (Pb) while describing 

the mothers’ reported levels as being in the low parts per mil-

lion range [Table ]). Only under exceptional circumstances 

including clinical treatment with certain pharmaceuticals 

or in cases of accidental poisonings have the occurrence of 

chemicals in breast milk resulted in a recommendation to 

avoid breastfeeding. Otherwise, studies have shown that 

breastfeeding can counter subtle adverse eff ects associated 

with in utero maternal exposure to hazardous substances [].

Numerous studies demonstrate the superiority of breastfeed-

ing in lowering risk of adverse health outcomes when com-

pared to formula-fed infants. Th us, the World Health Orga-

nization recommends six months of exclusive breastfeeding. 

Cinar et al. [] recognized that human milk provides all of the 

vitamins and essential minerals and trace elements (micronu-

trients) that are required for the normal development of in-

fants as well as many brain-protective substances. Th ey do not 

describe the exposures associated with formula-feeding in the 

regions under study and so the reader has no basis for under-

standing whether infant exposures to metals would be higher 

or lower based on the choice of formula over breastfeeding. 

Further, there is no evidence that formula feeding would at-

tenuate any eff ects that may occur from fetal exposures [].

Scientists conducting biomonitoring research using human 

milk have an obligation to understand the sensitivity of this 

issue and the impact their information and/or message may 

have on health professionals and breastfeeding mothers. In-

deed, Geraghty et al. [] highlighted the potential harm from 

poor reporting methods in breast milk monitoring of en-

vironmental chemicals; American women responded that 

they would immediately wean if told that phthalates were 

in their milk. It is incumbent on us to strive to contextualize 

human milk biomonitoring data, constructing a message that 

puts into perspective both risks of environmental hazards 

and benefi ts of breastfeeding. Formula-feeding should never 

be implied (implicitly or explicitly) as a means to attenuate 

maternal-infant exposure to environmental chemicals, es-

pecially without data to support such a message (). The 

otherwise interesting paper of Cinar et al. [] gives the false 

impression that milk of Turkish mothers is unsafe and that if 

the infant is not breastfed, chemical exposures will not occur.
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