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Abstract

Trefoil factors (TFF) are secretory products of mucin producing cells. Th ey play a key role in the maintenance of the surface integrity of oral 

mucosa and enhance healing of the gastrointestinal mucosa by a process called restitution. TFF comprises the gastric peptides (TFF), spas-

molytic peptide (TFF), and the intestinal trefoil factor (TFF). Th ey have an important and necessary role in epithelial restitution within the 

gastrointestinal tract. Signifi cant amounts of TFF are present in human milk. Th is study aimed to determine a possible correlation between 

TFF isolated from human breast milk and levels of cytokines (IL and IL) and defensins (hBD and hBD) in intestinal epithelial cells HT- 

treated with trefoil. Samples of human milk were collected within - weeks postpartum from healthy human mothers (--years-old) by 

manual breast massage, and TFF was purifi ed by ammonium sulfate precipitation, isoelectric precipitation, DEAE-chromatography, and gel 

fi ltration. In this work we measured the concentrations and mRNA levels of cytokines and defensins by immunoassay (ELISA) and semiquan-

titative RT-PCR technique, respectively. Also we measured the peroxidase activity. We present the fi rst evidence of human milk TFF purifi ca-

tion. Here we show that the presence of TFF isolated from milk strongly correlates with downregulation of IL and IL in human intestinal 

epithelial cells. On the other hand, TFF activated the epithelial cells in culture to produce beta defensins  (hBD) and beta defensins  

(hBD). Th ese fi ndings suggest that TFF can activate intestinal epithelial cells and could actively participate in the immune system of breastfed 

babies by inducing the production of peptides related to innate defence, such as defensins.

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

Human breast milk is considered the best form of nourish-

ment for infants during the fi rst year of life. It is a dynamic 

secretion, and its composition varies at diff erent stages of 

lactation. Breast milk provides nutrients and bioactive fac-

tors [-] that themselves might modulate maturation and 

development of the gastrointestinal tract. Human milk, 

which is usually accepted as the best source to feed infants, 

constitutes a good source to isolate many bioactive com-

pounds that have been demonstrated to have a beneficial 

role on gut development, maturation, and immune func-

tion []. Milk therefore plays a central role in mammalian 

gut physiology. In colostrum, the concentration of immuno-

globulins is particularly high, with IgA being the major im-

munoglobulin present in human milk. In addition to immu-

noglobulins, both colostrum and mature milk contain viable 

cells, including neutrophils, lymphocytes, and macrophages, 

which secrete a range of immune-related components into 

milk []. These include cytokines, antimicrobial proteins 

and peptides, such as defensins, and trefoil factors []. In-

creasingly sophisticated proteomics technologies are being 

applied to identify and characterize the functions of the mi-

nor components of human milk that may have an important 

role in the physiology of the neonate gastrointestinal tract.

Th e trefoil peptide family are polypeptides of fewer than  

amino acids that are found along the gastrointestinal tract. 

In human and other mammals the three main trefoil pep-

tide families are the gastric peptides (TFF), the spasmo-

lytic peptide (TFF), and the intestinal trefoil factor (TFF). 

Individual members of these three families have been im-

plicated in epithelial restitution within the gastrointestinal 

tract []. Trefoil peptides are widely distributed in intestinal 

epithelial cells and are often present at high concentrations 

in saliva, meconium, and human breast milk [, ]. Trefoil 

families are protease-resistant peptides that are amply se-
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creted onto the intestinal mucosal surface by specifi c cells 

of the human gastrointestinal tract. Th e TFFs share a com-

pletely conserved distinctive motif of six cysteine residues, 

which form three disulfi de bonds and defi ne the “trefoil” do-

main, which is also known as a “P” domain []. In the present 

work we describe that trefoil  isolated from human breast 

milk can activate intestinal epithelial cells and promote 

human beta defensin expression and cytokine regulation.

Defensins are antimicrobial peptides that act mainly by dis-

rupting the structure of bacterial cell membranes and are 

found in many compartments of the body [, ]. Evidence 

is accumulating that defensins play a central role in defense 

against pathogens, and they are considered as a part of the 

innate immune response []. Th ey have generally been con-

sidered to contribute to mucosal health; however, it is pos-

sible that these peptides can be considered biological factors 

that can be upregulated by bioactive compounds presents in 

human breast milk. In this sense, the intestinal production 

of antimicrobial peptides as hBD and hBD by trefoil from 

milk might play an important role on neonate colonization, 

thereby enhancing the immune response of newborn against 

pathogens with which they may come in contact. Th is posi-

tive eff ect would be a new role exercised through breastfeed-

ing on neonatal intestinal maturation. Human milk seems to 

be defensive against gut infl ammation. A study of chemical 

colitis in rats revealed decreased myeloperoxidase activity in 

rats fed human milk []. Also, other work has demonstrated 

the modulation of human intestinal epithelial cell IL secre-

tion by human milk factors [, ]. We obtained evidence 

for the fi rst time that TFF triggers a signal transduction path-

way that downregulates proinfl ammatory cytokines (IL and 

IL) and induces the expression of important antimicrobial 

peptides (hBD and hBD). Finally, this article will describe 

the biological eff ects of the TFFs on cytokine and antimicro-

bial peptide regulation and their potential therapeutic use.

MATERIALS AND METHODS

Human milk collection.

Samples of human milk were collected within - weeks 

postpartum from healthy human mothers (--years-

old) by manual breast massage. None of the women 

had a history of rheumatological, respiratory, cardio-

vascular, or gastrointestinal diseases. All samples were 

obtained with informed consent. The study was ap-

proved by the Research Ethics Committee of the Insti-

tuto Venezolano de Investigaciones Científicas (IVIC).

Cultured cells

Th e HT- colonic cell line (passages -) was obtained from 

the American Type Culture Collection (ATCC, Manassas, 

USA) and cultured according to the supplier’s instructions in 

Dulbecco’s Modifi ed Eagle’s medium (DMEM) containing  

mM glutamine,  IU/ml penicillin,  mg/ml streptomycin, 

and  heat inactivated fetal bovine serum as standard me-

dium at ºC in a water-saturated atmosphere with  CO.

Trefoil factor  purifi cation

Human breast milk ( ml) was thawed at ºC. Th e samples 

were separated by centrifugation at g for  h at ºC into 

an upper fatty layer, a middle aqueous layer containing the 

trefoil factors, and the cell pellet. Th e middle layer was re-

covered and precipitated by addition of saturated ammoni-

um sulfate to a fi nal concentration of  at ºC for  h to 

precipitate unwanted proteins. Th e unprecipitated proteins 

were centrifuged at ,g at ºC for  h. Th en the super-

natant fractions underwent isoelectric precipitation with 

 M Tris at pH . and ., as previously reported with few 

modifi cations []. Th e precipitated proteins were dialyzed 

against buff er ( mM Tris-HCl, pH .) at °C for  h, and 

samples of  mg were loaded onto a column containing  

ml of Sephadex G- equilibrated with  mM Tris-HCl, pH 

.. Th e eluted TFF was again concentrated using centrifugal 

devices with a -kDa cutoff . Th e TFF was further purifi ed 

by DEAE-Sepharose FF column (. × cm; Amersham Phar-

macia Biotech, USA) equilibrated with  mM Tris-HCl, pH 

.. Th e column was washed with  column volumes of the 

equilibration buff er. Bound material was eluted with a linear 

gradient of - M NaCl in DEAE equilibration buff er with a 

total volume of  ml. After elution, the isolated TFF was 

dialyzed against buff er ( mM Tris-HCl, pH .) at °C for 

 h. Th en, the TFF was concentrated using centrifugal de-

vices with a -kDa molecular weight cutoff  (Millipore, USA) 

and stored at –ºC. Th e purity of TFF protein was assessed 

by SDS-PAGE and immunoblotting. The degree of purity 

achieved makes it unlikely that the biological activity on cell 

culture seen by TFF was caused by contaminating proteins.

SDS-PAGE and immunoblotting

Purifi ed TFF was subjected to electrophoresis on  SDS-

PAGE according to the method of Laemmli []. After elec-

trophoresis, the gels were either fixed and proteins were 

visualized with . Coomassie brilliant blue R- (Sigma, 

USA) in methanol–water–acetic acid ( :  : ) (Merck, 

Germany) or they were electroblotted onto nitrocellulose 

for  h at °C (- V/cm). Th e membranes were incubated 

 h at °C with blocking solution ( nonfat dried milk in 

PBS containing . Tween ). After being blocked, the 

membranes were incubated for  h at room temperature 

with PBS containing  dried milk powder and a  :  

dilution of rabbit anti-human TTF (Santa Cruz Biotech-

nology, USA). The membranes were washed five times in 
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PBS-Tween and incubated with the peroxidase-coupled 

anti-rabbit secondary antibody ( : ) (Santa Cruz Bio-

technology) in PBS-Tween containing  nonfat dried 

milk for  h at room temperature. The membranes were 

washed three times in PBS-Tween, and specifi c bands were 

visualized by luminol reagent (Santa Cruz Biotechnology).

Activity of peroxidase

Peroxidase activity was measured in culture superna-

tants of HT- according to the -nitrobenzoic acid/

thiocyanate (NBS-SCN) assay as previously described 

[]. Briefly, the colorimetric change induced by the re-

action between the enzyme and the substrate, Dithio-

bis--nitrobensoic acid (DTNB) in the presence of mer-

captoethanol was read at a wavelength of  nm for  

sec. One unit of enzyme activity was defined as the level 

of enzyme activity needed to cleave  μmol NBS/min 

at °C, using a molar extinction coefficient of ,.

ELISA

HT- cells were grown in -well plates to  confl uence 

and serum-starved for  h. Th e cell number in wells was 

normalized by seeding equal quantity of HT- cells, previ-

ously counted and diluted at fi nal concentration of   cells/

ml. Cells were then treated for  h with  μg/ml trefoil. In 

some experiments, HT- cells were preincubated for  h 

with LPS ( μg/ml) before treating with trefoil for  h. Af-

terwards, culture supernatants of HT- were collected and 

centrifuged at g for  min at ºC, and proteins were 

precipitated by trichloroacetic acid (TCA) [] as follows: 

the supernatants were mixed with one volume of pre-chilled 

 TCA and incubated on ice-water for  min. Th e mixture 

was centrifuged for  min at , g at ºC, the pellet was 

resuspended in  ml of acetone and dissolved using an ultra-

sonic water bath, and the mixture was centrifuged. Acetone 

washing was repeated twice, and the fi nal pellet was air-dried 

and diluted in . M carbonate buff er, pH ., °C, for  

h. Subsequently, we blocked the wells with  μl of  bo-

vine serum albumin (BSA) in PBS at room temperature for  

h. After washing fi ve times with  μl PBS containing  ml/

liter Tween , we incubated  μl/well with PBS contain-

ing  BSA and a  :  dilution of goat anti-human BD 

(Santa Cruz Biotechnology) or rabbit anti-human BD, IL 

or IL (Santa Cruz Biotechnology) at room temperature for 

 h. Th e plates were washed fi ve times with PBS containing 

 ml/liter Tween , and wells were incubated at room tem-

perature with  μl of peroxidase-coupled anti-goat second-

ary antibody (Santa Cruz Biotechnology) (for BD) or anti-

rabbit secondary antibody (for IL, IL, and BD) diluted to 

 :  in PBS plus  ml/liter Tween  for  min. Plates 

were washed fi ve times as described above and incubated 

with  μl of substrate (. M NaHPO, . M citric acid, 

. HO,  mg o-phenylenediamine dihydrochloride) to 

each well in the dark at room temperature for  min. Stop 

solution ( μl, . M HSO) was added to each well. Ab-

sorbance was measured at  nm using a Synergy HT mi-

crotiter plate spectrophotometer (BioTek Instruments, USA). 

We quantifi ed hBDs and cytokines by simultaneous ELISA 

runs using recombinant hBDs and cytokines as calibrators.

Reverse transcription polymerase chain reaction (RT-PCR)

HT- cells were grown to  confl uence in -well plates 

and serum-starved for  h. Cells were then treated for  h 

with  μg/ml trefoil. In some experiments, HT- cells were 

preincubated for  h with LPS ( μg/ml) before treating with 

trefoil for  h. RNA was extracted from HT- intestinal 

cells by TrizolTM (Invitrogen, USA) according to the manu-

facturer’s instructions. RNA concentration and purity were 

measured using a Synergy HT spectrophotometer (BioTek 

Instruments). Total RNA ( μg) was reverse transcribed 

into cDNA using a commercial kit (Invitrogen Thermo-

ScriptTM RT-PCR System) according to the manufacturer’s 

instructions. Control reactions to check for DNA contami-

nation were run in parallel with samples processed without 

reverse transcriptase. PCR was performed in a fi nal volume 

of  μl containing  μl of the reverse transcription reac-

tion,  μM deoxynucleotide triphosphates, . mM MgCl, 

 mM Tris-HCl (pH .),  IU Taq DNA polymerase, and 

. μM each of sense and antisense of defensin (hBD and 

hBD) or cytokine (IL and IL) primers (see sequences 

below). PCR was performed in an Eppendorf Mastercycler 

STM thermocycler for  cycles consisting of denaturation 

at °C ( min), annealing at °C ( min), and extension 

at ºC ( min). Amplification was terminated by a final 

extension step at ºC for  min. A negative control with-

out the cDNA template was run with every assay to evalu-

ate the overall specifi city. Th e integrity of the template RNA 

was checked by confirming expression of β-actin mRNA 

using β-actin-specific primers and a PCR protocol. The 

primer sequences were: β-actin sense, CACGCCATCCT-

GCGTCGGAC; β-actin antisense, CATGCCATCCTGC-

GTCTGGAC; hBD sense, TTCCTGATGCCTCTTCCA; 

and hBD antisense, ATGTCGCACGTCTCTGA; hBD 

sense, GGCAGTCCCATAACCACATATTC; and hBD 

antisense, TGCTGCTATTAGCCGTTTCTCTT; IL 

sense, GGCTCTCTTGGCAGCCTTCCTG; and IL an-

tisense, CTTCTCCACAACCGTCTCACCC; IL sense, 

CGAGCCCACCGGGAACGAAA; and IL antisense, 

GCTTCGTCAGCAGGCTGGCAT. Aliquots ( μl) of 

the polymerase chain reaction products were electropho-

resed on . agarose gels and stained with SYBR Gold 

nucleic acid gel stain (Invitrogen; Molecular Probes, USA). 
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Densitometric analyses were performed using the image 

analysis software Quantity One (Bio-Rad, USA). Briefly, 

the digital image was analyzed to determine the pixel in-

tensity of each band. Relative quantities of hBD, hBD, 

IL, and IL mRNA among different preparations were 

calculated as the ratio of the hBD/β-actin, hBD/β-actin, 

IL/β-actin, and IL/β-actin pixel intensities from three 

independent RT-PCR experiments. Positive results were 

based on the presence of DNA bands of the expected size.

RESULTS

Purifi cation of trefoil

Trefoil factor  (TFF) was purified from human breast 

milk by ammonium sulfate precipitation followed by iso-

electric precipitation, gel filtration, and DEAE-Sepharose 

chromatography to ensure the removal of putative con-

taminating proteins (Figure , A and B). The purity of 

TFF was confi rmed by SDS-PAGE (Figure C). Our TFF 

preparations contained a band with apparent mass of ap-

proximately  kDa. This band corresponds to molecular 

weight reported for TFF, as indicated by the fact that it is 

recognized by anti-TFF antibody (Fig. D). We obtained 

five main fractions in the gel filtration chromatography 

(Figure a); each fraction was concentrated and underwent 

western blot analysis, and only the fifth fraction (P) con-

tained the trefoil factor  (data not shown). Then the P 

fraction (Figure a) was concentrated and loaded in DEAE-

Sepharose chromatography (Figure B). After elution with 

NaCl, the P fraction contained the purifi ed trefoil factor .

Trefoil factor  isolated from human breast milk 

downregulates IL and IL in HT- cells

ELISA was used to determine whether TFF induce a de-

crease of pro-infl ammatory cytokines (IL and IL) in intes-

tinal epithelial cell culture supernatants from HT- cells col-

FIGURE 1.  Purifi cation of secreted TFF3. Frozen human milk samples (25 ml) were thawed at 37ºC and TFF3 was purifi ed by ammonium 

sulphate precipitation followed by isoelectric precipitation, gel fi ltration, and DEAE-Sepharose chromatography. A) Gel-fi ltration chroma-

tography. Precipitated proteins by isoelectric precipitation were loaded onto a column containing 100 ml of Sephadex G-75 equilibrated 

with 20 mM Tris-HCl, pH 8.0. Five peaks are present, with the last peak 5 (P5) corresponding to an estimated molecular size of 7 kDa of 

TFF3. The P5 was again concentrated using centrifugal devices with a 5-kDa cutoff . B) The TFF3 (P5) was further purifi ed by DEAE-Sepha-

rose FF column equilibrated with 20 mM Tris-HCl, pH 8.0. The column was washed with 10 column volumes of the equilibration buff er. 

Bound material was eluted with a linear gradient of 0-1 M NaCl in DEAE equilibration buff er with a total volume of 100 ml. Two peaks are 

present, with the large peak 2 (P2) corresponding to purifi ed TFF3. C) The purity of TFF3 was assessed by nondenaturing 15% SDS-PAGE. 

Total homogenate (lane 1), isoelectric precipitation (lane 2), gel-fi ltration chromatography (P5) (lane 3), DEAE chromatography (P2) (lane 

4). D) Immunoblotting with anti-TFF3.
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lected after LPS treatment. HT- cells were grown in -well 

plates to  confl uence and serum-starved for  h. Cells 

were preincubated for  h with LPS ( μg/ml), then treated 

for  h with  μg/ml trefoil. Afterwards, culture superna-

tants of HT- were collected and centrifuged at g for 

 min at ºC, the proteins were precipitated by TCA, and 

cytokine (IL and IL) levels were measured by ELISA. TCA 

precipitation concentrates proteins contained in cell cul-

ture supernatants and prevents nonspecifi c reactions in the 

immunoassay []. As shown in Figure , the levels of IL 

(Figure a) and IL (Figure b) after treatment with LPS was 

signifi cantly higher than in untreated cells. Th e treatment of 

HT- with TFF for  h after LPS treatment led to decrease 

of IL and IL similar to the basal levels. Th e treatment with 

vehicle ( mM Tris-HCl, pH .) for  h after LPS incu-

bation did not modify the cytokine levels. Finally, the treat-

ment with TFF was similar to the basal levels in untreated 

cells. Additionally, semiquantitative RT-PCR was used to 

determine whether trefoil factor  decreases intestinal epithe-

lial cell (HT-) expression of IL and IL mRNA. As shown 

in Figure , the treatment of HT- with TFF for  h after 

LPS treatment decreased IL and IL mRNA similar to the 

basal levels. Together, the results demonstrate that IL and 

IL were downregulated in HT- cells treated with TFF.

FIGURE 2.  Cytokine (IL6 and IL8) levels in cell culture superna-

tants. HT-29 cells were grown in 6-well plates to 50% confl uence 

and serum-starved for 24 h. Cells were then treated for 48 h with 

trefoil (10 μg/ml). In some experiments, HT-29 cells were preincu-

bated for 24 h with LPS (1 μg/ml) before treating with trefoil for 48 

h. Afterwards, culture supernatants of HT-29 were collected and 

centrifuged at 1000g for 15 min at 4ºC, and proteins were precipi-

tated by TCA. Concentrations of cytokines were determined by 

ELISA using anti-IL6 or anti-IL8 as primary antibody as indicated in 

“Materials and Methods”. The fi gure shows the measured concen-

trations of IL6 (A) and IL8 (B) expressed as μg/ml. Each assay was 

carried out in three independent experiments, and the results are 

reported as mean ± S.D.

FIGURE 3.  Quantifi cation of diff erentially-expressed cytokines 

mRNAs by RT-PCR. A) Specifi c primers and annealing tempera-

tures employed. B) RT-PCR for IL6, IL8, and β-actin were carried 

out from cell culture samples divided in fi ve groups: basal (lane 

1); cells treated with LPS 1 μg/ml for 24 h (lane 2); cells were pre-

incubated for 24 h with LPS (1 μg/ml) before treating with vehicle 

(lane 3) or trefoil (lane 4) for 48 h; and cells treated only with TFF3 

(lane 5). The PCR products were run on 2% agarose gel electro-

phoresis. Control reactions without reverse transcriptase were 

carried out. PCR was performed in a fi nal volume of 25 μl contain-

ing 1 μl of the reverse transcription reaction, 50 μM of dNTPs, 1.5 

mM MgCl2, 50 mM Tris-HCl (pH 8.0), 1 IU Taq polymerase, and 0.2 

μM each of sense and antisense primers. Specifi c PCR for a con-

stitutively expressed gene (β-actin) was carried out as a positive 

control. The relative amount of product was quantifi ed by densi-

tometric analysis of DNA bands (C). Cytokine mRNA expression 

levels are shown normalized to β-actin. Results are mean ± SEM 

of three independent experiments.
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Trefoil factor  isolated from human breast milk

 upregulates hBD and hBD in HT- cells

To evaluate the eff ect of TFF on expression of defensins, we 

directly measured the levels of these antimicrobial peptides 

in cell culture supernatants after  h incubation with TFF 

isolated from human breast milk. HT- cells with either LPS 

or TFF for  h led to increase of hBD and hBD concen-

trations to levels -fold higher than in untreated cells (Figure 

). We tested fi ve TFF concentrations from  to  μg/ml. 

Treatment with , , and  μg/ml produces upregulation 

of hBD and hBD, although  μg/ml of TFF did not pro-

duce an increase of hBD. Th e treatment with vehicle ( 

mM Tris-HCl, pH .) for  h did not modify the defensin 

levels. Also, semiquantitative RT-PCR was used to determine 

whether TFF produces an increase in epithelial cell expres-

sion of hBD and hBD mRNA. As shown in Figure , in 

HT- cells treated with TFF there was a signifi cantly higher 

expression of hBD and hBD compared with defensin lev-

els in untreated cells. Together, the results demonstrate that 

hBD and hBD were upregulated in cells treated with TFF.

TFF reduces the peroxidase activity in HT- cells

We found that the treatment of HT- with TFF for  h 

after LPS treatment led to decrease of IL and IL similar 

to the basal levels. In this sense, we tested the antiinflam-

FIGURE 4.  Defensin (hBD2 and hBD4) levels in cell culture super-

natants. HT-29 cells were grown in 6-well plates to 50% confl u-

ence and serum-starved for 24 h. Cells were then treated for 24 

h with LPS (1 μg/ml) or TFF3 at concentrations from 1 to 50 μg/

ml for 48 h. Afterwards, culture supernatants of HT-29 were col-

lected and centrifuged at 1000g for 15 min at 4ºC, and proteins 

were precipitated by TCA. Concentrations of defensins were de-

termined by ELISA using anti-hBD2 or anti-hBD4 as primary an-

tibody as indicated in “Materials and Methods”. The fi gure shows 

the measured concentrations of hBD2 (A) and hBD4 (B) expressed 

as μg/ml. Each assay was carried out in three independent experi-

ments, and results are reported as mean ± S.D.

FIGURE 5.  Quantifi cation of diff erentially expressed defensin 

mRNAs by RT-PCR. A) Specifi c primers and annealing tempera-

tures employed. B) RT-PCR for hBD2, hBD4, and β-actin were car-

ried out from cell culture samples divided in fi ve groups: basal 

(lane 1); cells treated with 1 μg/ml LPS for 24 h (lane 2); cells treat-

ed with TFF3 at 10 μg/ml (lane 3`) or 50 μg/ml (lane 4) for 48 h; 

and cells treated with vehicle (lane 5). The PCR-products were run 

on 2% agarose gel electrophoresis. Control reactions without re-

verse transcriptase were carried out. PCR was performed in a fi nal 

volume of 25 μl containing 1 μl of the reverse transcription reac-

tion, 50 μM of dNTPs, 1.5 mM MgCl2, 50 mM Tris-HCl (pH 8.0), 1 IU 

Taq polymerase, and 0.2 μM each of sense and antisense primers. 

Specifi c PCR for a constitutively expressed gene (β-actin) was car-

ried out as a positive control. The relative amount of product was 

quantifi ed by densitometric analysis of DNA bands (C). Defensin 

mRNA expression levels are shown normalized to β-actin. Results 

are mean ± SEM of three independent experiments.
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matory effects of TFF in HT- cells measuring the per-

oxidase activity in cells culture supernatants as described in 

“Materials and Methods”. HT- cells were grown in -well 

plates to  confl uence and serum-starved for  h. Cells 

were preincubated for  h with LPS ( μg/ml), and then 

treated by  h with  μg/ml trefoil. As shown in Figure , 

the peroxidase activity after treatment with LPS was signifi -

cantly higher than in untreated cells. Then, the treatment 

of HT- with TFF for  h after LPS treatment led to de-

crease of peroxidase activity similar to the basal levels. Th e 

treatment with vehicle ( mM Tris-HCl, pH .) for  h 

after LPS incubation did not modifi ed the enzyme activity.

DISCUSSION

Human breast milk constituents are potential candidates as 

biological factors infl uencing gastrointestinal tract physiology. 

Many breast milk protein components, such as glycoprotein, 

immunoglobulins, agglutinin, lactoferrin, defensins, and tre-

foil factors are thought to have many roles in the gut. Trefoil 

peptides (literally referring to its spatial conformation) are 

members of a family of peptides synthesized and secreted 

by epithelial cells, those that have claimed a major impact on 

the repair of mucosal lesions and that intervene in the pro-

cesses of infl ammation []. In this work, TFF was purifi ed 

by ammonium sulphate precipitation, isoelectric precipita-

tion, DEAE chromatography, and gel fi ltration. According to 

Yu et al. [],  w/v of ammonium sulphate is insuffi  cient 

to precipitate trefoil. It is for this reason that protein precipi-

tation was a useful tool to precipitate unwanted proteins. In 

the literature there are confl icting with respect to pI values 

of TFF. According to Kou et al. [] the isoelectric point for 

the recombinant TFF was ., and we also determined the 

isoelectric point based in protein sequence analysis by bioin-

formatics using ProtParam Tool, ExPASy Proteomics server 

(http://expasy.org/cgi-bin/protparam) and we obtained a 

value of .. In the same way, Yu et al. [] reported . of pI 

based on the calculation with protein sequence analysis soft-

ware Antheprot (http://antheprot-pbil.ibcp.fr). Th e presence 

of pI values in this range was the reason for our two-step iso-

electric precipitation process in this pH interval (. and .).

There are three types of trefoil factors reported. Accord-

ing to Vestergaard et al. [], human breast milk contains 

high amounts of TFF, less TFF, and virtually no TFF. In 

this work, our purifi cation method leads only to TFF isola-

tion. Th ere are three possible explanations for this: (i) TFF 

is the main trefoil factor present in human breast milk, (ii) 

the isoelectric precipitation isolates mainly TFF because 

its pI, (iii) the pI of TFF is . (http://expasy.org/cgi-bin/

protparam). In the same way, we tested by immunoblot 

our TFF preparations with an anti-human TFF (Santa 

Cruz Biotechnology) confirming that TFF purified from 

human breast milk do not contains TFF (data not shown).

Intestinal epithelial cells have been reported to participate in 

the innate host defense by expressing immune eff ectors, such 

as proinfl ammatory cytokines and defensin in response to 

infl ammatory stimuli such as LPS [, ]. In this work we 

found that trefoil factor  isolated from human breast milk 

downregulated IL and IL in HT- cells treated with LPS. 

In the same way, previous studies have shown that human 

milk is protective against necrotizing enterocolitis (NEC) 

via an unknown mechanism []. We speculate that hu-

man breast milk contains bioactive compounds that would 

decrease stimulated proinfl ammatory cytokine secretion in 

intestinal epithelial cells. In this study we have shown that 

treatment with TFF reduces infl ammatory cytokines and 

peroxidase activity. Ulcerative colitis and Crohn’s disease 

exemplifi es a group of chronic illnesses characterized by in-

fl ammation of the gastrointestinal tract. Infl ammatory bowel 

disease seems to involve a multifaceted interplay between 

certain environmental, genetic, and immunological factors. 

Previous studies suggests TFF as therapeutic agents in in-

fl ammatory bowel disease []; however, the molecular role 

of TFF peptides in the gastrointestinal tract is not entirely 

understood. In this sense, we showed that TFF isolated from 

human breast milk reduces proinfl ammatory cytokines and 

may have therapeutic potential in the treatment of infl am-

FIGURE 6.  Peroxidase activity in cells treated with TFF3. Peroxi-

dase activity was measured according to the 2-nitrobenzoic acid-

thiocyanate (NBS-SCN) assay as previously described [15]. HT-29 

cells were grown in 6-well plates to 50% confl uence and serum-

starved for 24 h. Cells were then treated for 48 h with 10 μg/ml 

trefoil. In some experiments HT-29 cells were preincubated for 24 

h with LPS (1 μg/ml) before treating with trefoil for 48 h. After-

wards, culture supernatants of HT-29 were collected, centrifuged 

at 1000g for 15 min at 4ºC, and peroxidase activity was measured.
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matory bowel disease. It is therefore thinkable that TFF 

would decrease the symptoms of infl ammatory bowel disease 

by several mechanisms, both in accelerating tissue repair as 

previously reported [], and perhaps by inhibiting infl amma-

tory cytokine secretion. An additional possibility is that the 

reduction in general infl ammation follows as a consequence 

of the re-establishment of intestinal mucosal integrity. Th e 

notable antiinflammatory response of intestinal epithelial 

cells by TFF was confi rmed by the signifi cant decrease in 

peroxidase activity. It is known that inflammatory bowel 

diseases (Crohn’s disease and ulcerative colitis) exhibit in-

crease in peroxidase activity. Peroxidase is considered to be 

a marker of the activation and degranulation of polymor-

phonuclear cells []. In inflammatory disease, activated 

polymorphonuclear cells produce reactive oxygen species 

(ROS), and peroxidase is involved in this process. We have 

shown that cells treated with TFF have a signifi cantly lower 

peroxidase activity. It is therefore possible that TFF could 

reduce the symptoms of human infl ammatory bowel disease.

Th e expression of defensins in the gastrointestinal track sug-

gests that they may have a central role in protecting intestinal 

mucosa. Several reasons for this proposal are as follows: (i) 

defensins have broad antimicrobial activity; (ii) they stimu-

late the acquired immune system and could function to en-

hance IgA production as well as IgG production; (iii) these 

defensins may function to keep overall bacteria in check. 

Th us, intestinal defensins may provide a natural antibiotic 

barrier. Th ere are several new fi ndings of this study. First, we 

present the head evidence of human milk TFF purifi cation 

(Figure ). Second, the treatment of intestinal cells (HT-) 

with TFF upregulates antimicrobial peptide (hBD and 

hBD) (Figures.  and ). Th ird, the defensin levels found in 

culture supernatants are in the range of eff ective antimicro-

bial function, especially considering the synergistic action of 

the peptides. Fourth, the correlation of cationic defensins 

with TFF suggests an additional possible protective eff ect 

TFF in the gastrointestinal track. Conversely, low levels of 

defensins may result in increased susceptibility to bacterial 

and viral infections in the gut. In this sense, defensin produc-

tion by the intestinal cells has been shown to play a role on 

the colonizing intestinal microbiota, and because some 

microbes may be more sensitive than others, the relative 

composition of the microbial population could be shaped 

by these eff ector peptides. Finally, this study shows the si-

multaneous expression of human hBD and hBD in cell 

culture HT- detected by semiquantitative RT-PCR. Previ-

ous studies demonstrated constitutive expression of hBD 

in intestinal tissues []. Our analysis of gene expression 

in cells treated with or without TFF showed differential 

transcriptional levels for the defensins. In cells treated with 

TFF, hBD, and hBD expression was at a higher level than 

control cells. The lower expression of hBD and hBD in 

control cells could explain the lower concentration of these 

antimicrobial peptides in culture supernatants of HT- 

measured by ELISA (Figure ). Th e intestinal track, which is 

colonized by numerous microorganisms, contains a wide se-

lection of antibacterial peptides that play an important role 

in maintaining its complex ecological homeostasis []. We 

have shown that cells treated with TFF have a signifi cantly 

higher expression and levels of defensins (hBD and hBD) 

based on both the RT-PCR and ELISA (Figures  and ).

The gastrointestinal tract is constantly exposed to micro-

organisms. Although the normal host relationship with 

the resident luminal bacteria is often mutually beneficial, 

the host also requires protection against these microor-

ganisms. Human breast milk and intestinal epithelial cells 

play a critical role in mediating these protective responses, 

and there is increasing appreciation of the likely impor-

tance of cytokines and antimicrobial peptides that they 

express. Th is work supports the hypothesis that during lac-

tation TFF secreted in human milk may activate intesti-

nal epithelial cells, which in turn induces hBD and hBD 

expression. Our data links together TFF, the activation 

of epithelial cells, and the expression of diverse antimicro-

bial peptides and cytokines, suggesting that it may contrib-

ute to regulation of adaptive immune responses in neonate 

or play an important role in inflammatory bowel disease.
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