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INTRODUCTION

Cancer stem cells (CSCs) are a minor population of 
tumor cells that have the ability to self-renew. Dysregulation 
of this stem cell self-renewal process is likely a basis for the 
development of cancer [1]. In addition, CSCs have been 

identified to play a role in cancer resistance and progres-
sion  [2,3]. Therefore, CSC-targeted therapy provides the 
opportunity to significantly improve cancer patient out-
comes. CSC markers have been reported in different cancer 
types, including CD44 [4-6], C-X-C chemokine receptor 
type 4 (CXCR4) [7], and octamer-binding transcription fac-
tor 4 (Oct4) [8].

CD44 was first reported as a CSC marker by Al-Hajj et al. 
in 2003 [6], and since then, has been extensively investigated 
in cancers of various organs. For example, in non-small cell 
lung cancer (NSCLC) it was reported that the cells expressing 
CD44 have stem cell-like characteristics [9]. We previously 
reported that the interaction between CD44 and its ligand 
hyaluronate in NSCLC cells in which CD44 was reintroduced 
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ABSTRACT

The mechanism underlying increased concentrations of cancer stem cell (CSC)-associated factors in non-small cell lung cancer (NSCLC) cells 
treated with transforming growth factor β1 (TGFβ1) and tumor necrosis factor α (TNFα), is still not clear. The purpose of this study was to 
investigate the possible role of CD44 in the regulation of CSC-associated genes, by analyzing the effect of CD44 knockdown on their expres-
sion. A549, a NSCLC cell line that expresses CD44 antigen, was treated with TGFβ1 and TNFα. Small-interfering ribonucleic acid (siRNA) 
that specifically targets the CD44 gene was used to knockdown the expression of CD44 in A549. The gene expressions of CD44, CXCR4, 
POU5F1 (octamer-binding transcription factor 4 [Oct4]), PROM1, NANOG, c-Myc, KLF4, and SOX2, as well as of CDH1 (E-cadherin), CDH2 
(N-cadherin), VIM (vimentin), and FN1 (fibronectin) were analyzed in A549 cells by quantitative reverse transcription polymerase chain reac-
tion (RT-qPCR). Cell morphology was observed using light microscopy. After TGFβ1/TNFα treatment, increased expressions of CXCR4 and 
POU5F1 were detected. Silencing of CD44 gene expression was confirmed by RT-qPCR. The knockdown of CD44 decreased the CXCR4 
and POU5F1 gene expressions in TGFβ1/TNFα-treated A549 cells. However, the silencing of CD44 did not affect the morphology of TGFβ1/
TNFα-treated A549 cells nor it reversed epithelial-mesenchymal transition (EMT) gene signature induced by TGFβ1/TNFα in A549 cells. Our 
preliminary findings suggest that the CD44 gene may have a role in regulating CXCR4 and POU5F1 gene expressions, independently of the 
EMT signaling pathway.
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induces chemoresistance and restores the cell susceptibility to 
the macrophage cytotoxicity [10,11].

Accumulating evidence also suggests that tumor growth 
factor β1 (TGFβ1) induces stem-cell characteristics in non-
small lung cancer cells and breast cancer cells [12,13]. Another 
study reported that TGFβ1 increased the expression levels of 
Yamanaka factors (i.e., Oct3/4, sex determining region Y-box 
2 [SOX2], Kruppel-like factor 4 [KLF4], and Myc proto-on-
cogene protein [Myc]) in a dose-dependent manner [14]. 
Moreover, CD44 overexpression was associated with TGFβ-
mediated mesenchymal phenotype in hepatocellular car-
cinoma [15]. However the role of CD44 in the regulation of 
other CSC markers is still unclear.

In this study, we examined the role of CD44 in the regula-
tion of CXCR4 and Oct4. A549 NSCLC cell line was treated 
with TGFβ1 and TNFα. The treatment with TGFβ1 and TNFα 
increased the expression of several CSC genes, including Oct4 
gene POU5F1 and CXCR4 gene. The role of CD44 in the regu-
lation of CSC gene expression was investigated.

MATERIALS AND METHODS

Cell culture and reagents

The lung adenocarcinoma cell line A549 was used in this 
study. A549  cells, predominantly expressing CD44 standard 
isoform, were purchased from the American Type  Culture 
Collection (Manassas, VA, USA). The cell line was verified 
to be mycoplasma-free. The cells were cultured in Dulbecco’s 
Modified Eagle Medium (DMEM) medium (Gibco, Grand 
Island, NY, USA) supplemented with 10% fetal bovine serum 
(FBS), penicillin, and streptomycin (100 U/mL and 100 µg/mL, 
respectively), and were grown in a humidified 5% CO2 atmo-
sphere at 37°C in an incubator where the oxygen tension was 
held at 21%. Recombinant soluble human TGFβ1 was obtained 
from Peprotech (Rocky Hill, NJ, USA) and recombinant solu-
ble human TNF-α was obtained from eBioscience (San Diego, 
CA, USA). For TGFβ1/TNFα treatment, 10 μM of TGFβ1 and 
100 μM of TNFα were applied to A549 cells for 48 hours.

Cell morphology analysis

A549  cells were plated in six-well dishes at a density of 
1.5 × 105  cells per well and allowed to adhere for 24 hours. 
The cells were then treated with TGFβ1/TNFα for 24 hours. 
Representative images of A549  cells were captured by 
phase-contrast microscopy (Olympus, Tokyo, Japan).

Quantitative reverse transcription polymerase 
chain reaction (RT-qPCR)
RNA extraction and complementary DNA (cDNA) synthesis

The total RNA was extracted from A549 cell cultures using 
miRvana miRNA Isolation Kit (Ambion, Austin, TX, USA), 

according to the manufacturer’s instructions. Briefly, the cells 
were grown to 80-90% confluence in 100-mm dishes and 
lysed with 600 μl of Lysis Binding Buffer (Ambion). RNA was 
extracted using acid phenol-chloroform (Life Technologies, 
Frederick, MD, USA) and RNA-rich layers were separated by 
centrifugation. Next, RNA molecules were precipitated with 
ethanol 99.5%. Then, RNA was rinsed with Wash Solution 1 
and 2/3 and dissolved in RNase-free UltraPure Distilled Water 
(Invitrogen, Grand Island, NY, USA). The concentration of 
RNA was measured by Nanodrop 2000 spectrophotometer 
(Thermo Scientific, Wilmington, DE, USA). Five hundred 
nanograms of total RNA was reverse-transcribed into cDNA 
using ReverTra Ace cDNA synthesis kit (Toyobo, Osaka, 
Japan), according to the manufacturer’s instructions.

Real-time PCR
Real-time PCR was performed using SYBR Green Master 

Mix (Toyobo) and StepOnePlusTM Real-Time PCR System 
(Applied Biosystem, CA, USA), according to the manufac-
turer’s instructions. The cycling conditions were as follows: 
initial denaturation at 95°C for 20  seconds and 40  cycles of 
amplification (denaturation at 95°C for 3 seconds, and anneal-
ing and extension at 60°C for 30  seconds). Real-time PCR 
was performed in triplicate and β-actin expression was used 
as internal control. The mRNA expression of the following 
genes was analyzed: CD44, CXCR4, POU5F1, PROM1 (promi-
nin-1, CD133), NANOG, c-Myc, KLF4, and SOX2, as well as the 
mRNA expression of epithelial marker CDH1 (E-cadherin) and 
several mesenchymal markers including CDH2 (N-cadherin), 
VIM (vimentin), and FN1 (fibronectin). The primers used for 
real-time PCR are provided in Table 1.

RNA interference

Small interfering RNAs (siRNAs) targeting CD44 (Stealth 
Select RNAi siRNA) were custom synthesized by Invitrogen. We 
used StealthTM RNAi siRNA Negative Control Duplexes from 
Invitrogen (Cat. No. 12935-100) as negative control. To exclude 
off-target effect, A549 cells were transfected with two different 
specific siRNAs (siCD44 #1 and #2 groups) and one non-specific 
control using Lipofectamine RNAiMAX (Invitrogen) [siCon-
trol group], according to the manufacturer’s instructions. The cells 
were detached and diluted in complete growth medium without 
antibiotics and then plated in each of the wells. RNAi duplex and 
Lipofectamine RNAiMAX were mixed in Opti-MEM I reduced 
serum medium (Gibco, Massachusetts, USA) and incubated for 
15  minutes at room temperature. RNAi duplex-Lipofectamine™ 
RNAiMAX complexes were added to the cell containing wells. 
The cells were then incubated for 48 hours at 37°C. The sequences 
of the siRNA against CD44 were as follows:

Stealth CD44 oligo #1:  5′-GCAAGUCUCAGGAAAUG
GUGCAUUU-3′;
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Stealth CD44 oligo #2:  5′-GCUGACCUCUGCAAGGC
UUUCAAUA-3′.

Statistical analysis

Differences between the two groups were analyzed using 
the unpaired Student’s t-test. The differences were considered 
significant at p < 0.05. Statistical analyses were performed 
using GraphPad Prism 6.0 (GraphPad Software, Inc., La Jolla, 
CA).

RESULTS

TGFβ1/TNFα treatment increased the expression of stem 
cell-related factors in A549 cells

Following 48 hours of TGFβ1/TNFα treatment, we 
measured mRNA expression of CD44, CXCR4, POU5F1, 
CD133, NANOG, c-Myc, KLF4, and SOX2 in A549  cells, 
using RT-qPCR. Our results showed upregulated expression 
of CXCR4 and POU5F1 in TGFβ1/TNFα-treated A549  cells 
(Figure 1), however, no increase was observed in the expres-
sion of CD133, NANOG, c-Myc, KLF4, and SOX2 genes (data 
not shown).

Knockdown of CD44 reduced the expression of CXCR4 
and POU5F1 in TGFβ1/TNFα-treated A549 cells

Parental A549 cells showed moderate expression of CD44, 
which was not markedly changed after treating the cells with 
TGFβ1/TNFα for 48 hours (Figure 2A). The silencing of CD44 
was performed in TGFβ1/TNFα-treated A549  cells using 
siRNA oligos that target CD44 (siCD44 #1 and #2 groups). 

CD44 mRNA level was less than 5% in both siCD44 groups 
(Figure  2A), suggesting that the siRNA successfully sup-
pressed the CD44 expression.

To investigate the effect of CD44 on the expression of 
stem-related factors, we analyzed POU5F1 and CXCR4 mRNA 
expression using RT-qPCR (Figure  2B and 2C, respectively). 
The knockdown of CD44 using both siRNA oligos signifi-
cantly reduced the mRNA expression of POU5F1 and CXCR4 
in TGFβ1/TNFα-treated A549 cells (p < 0.05).

Knockdown of CD44 did not reverse TGFβ1/TNFα-
induced epithelial-mesenchymal transition (EMT) in 
A549 cells

We also measured the mRNA expression of epithe-
lial marker E-cadherin and several mesenchymal markers, 
i.e.,  N-cadherin, vimentin, and fibronectin, using RT-qPCR. 
As shown in Figure 3A, the mRNA expression of E-cadherin 
was significantly lower in siCD44 groups compared to siCon-
trol group. Similarly, the mRNA expression of N-cadherin 
(Figure 3B), vimentin (Figure 3C), and fibronectin (Figure 3D) 
was not suppressed by CD44 gene silencing in TGFβ1/TNFα-
treated group. Moreover, TGFβ1/TNFα-treated A549  cells 
were irregularly spindle-shaped (Figure  3E), and the knock-
down of CD44 did not reverse these morphological changes 
to regular, cuboidal cell shape.

DISCUSSION

Here, we demonstrated that treating A549  cells with 
TGFβ1/TNFα increased the mRNA expression of several 
stem-related factors, such as CXCR4 and Oct4. Furthermore, 
we showed that CD44 was associated with the upregulation 
of TGFβ1/TNFα-induced stem-related factors in the lung 
cancer cells. Similarly, a previous report suggested that TGFβ1 

TABLE 1. Forward and backward primers used for quantitative 
reverse transcription polymerase chain reaction (RT-qPCR)

Primers Sequence

CXCR4 Forward, 5′-ACGCCACCAACAGTCAGAG-3′
Reverse, 5′-AGTCGGGAATAGTCAGCAGGA-3′

POU5F1  
(Oct4)

Forward, 5′-GAGTGAGAGGCAACCTGGAG-3′
Reverse, 5′-GCCGGTTACAGAACCACACT-3′

PROM1  
(CD133)

Forward, 5′-GGCCCAGTACAACACTACCAA-3′
Reverse,5′-CGCCTCCTAGCACTGAATTGATA-3′

SOX2 Forward, 5′-TACAGCATGTCCTACTCGCAG-3′
Reverse, 5′-GAGGAAGAGGTAACCACAGGG-3′

NANOG Forward, 5′-TTTGTGGGCCTGAAGAAAACT-3′
Reverse, 5′-AGGGCTGTCCTGAATAAGCAG-3′

KLF4 Forward, 5’-CCCAATTACCCATCCTTCCT-3’
Reverse, 5’-ACGATCGTTCTTCCCCTCTTT-3’

c-Myc Forward, 5’-TTCGGGTAGTGGAAAACCAG-3’
Reverse, 5’-CACCGAGTCGTAGTCGAGGT-3’

FN1  
(Fibronectin)

Forward, 5’-GAAGCCGAGGTTTTAACTGC-3’
Reverse, 5-‘ACCCACTCGGTAAGTGTTCC-3’

VIM  
(Vimentin)

Forward, 5’-AATTGCAGGAGGAGATGCTT-3’
Reverse, 5’-GAGACGCATTGTCAACATCC-3’

CDH1  
(E-cadherin)

Forward, 5’-CACGGTAACCGATCAGAATG-3’
Reverse, 5’-ACCTCCATCACAGAGGTTCC-3’

CD44 Forward,5’-TCCCAGACGAAGACAGTCCCTGGAT-3’
Reverse, 5’-CACTGGGGTGGAATGTGTCTTGGTC-3’

Actin Forward, 5’-CTCTTCCAGCCTTCCTTCCT-3’
Reverse, 5’-AGCACTGTGTTGGCGTACAG-3’

FIGURE 1. The expression of the stem-cell related genes in 
A549 cell line treated with TGFβ1/TNFα. A549 cells were treated 
with TGFβ1/TNFα for 24 hours. Quantitative reverse transcription 
polymerase chain reaction (RT-qPCR) was performed in triplicate 
with primers specific for CD44, CXCR4, and POU5F1 (Oct4) genes, 
and the results were normalized to actin expression. Data are 
expressed as mean ± standard deviation. *p<0.05 indicates a sig-
nificant difference, while NS indicates a non-significant difference.
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treatment upregulates CXCR4 expression in primary human 
monocyte-derived macrophages (MDMs) and rat microg-
lia [16]. Using human basal cell carcinoma cells as an in vitro 
model, it was demonstrated that the regulation of CXCR4 
expression by TGFβ1 is mediated by the phosphorylation of 
extracellular signal-regulated protein kinases 1 and 2 (ERK1/2)-
ETS1 pathway [17]. In addition, the transcription factor Oct4, 
which is able to reprogram mouse and human somatic cells to 
undifferentiated, pluripotent stem cells, was found to be signifi-
cantly increased in A549 cells treated with TGFβ1 compared to 
untreated controls [18]. The results demonstrated in the cur-
rent study are consistent with the above-mentioned research.

CD44 is a ubiquitous, multi-structural and multi-func-
tional, cell surface adhesion molecule involved in cell-cell and 
cell-matrix interactions [19]. Moreover, CD44 is a receptor 
for hyaluronic acid (HA), an anionic, nonsulfated glycos-
aminoglycan [20]. As a member of single-span transmem-
brane glycoprotein family, CD44 is involved in pathological 
processes, particularly in cancer pathogenesis [21]. Different 
methods have been developed for targeting CD44, includ-
ing liposome-encapsulated doxorubicin [20], lipid-based 

nanovectors  [22], and polypropylenimine (PPI) dendrim-
er-siRNA complex [23]. The efficient delivery of siRNA to 
target cells has been a challenge for therapeutic application 
of siRNA, due to limited intake of siRNA for gene silencing 
by tissue-constructing cells [24]. In this study, the silencing of 
CD44 by siRNA was successful, i.e., 0.036560 relative mRNA 
level was detected for siRNA oligo number 1 and 0.042390 for 
oligo number 2, compared to siControl group.

Recently, the interaction between CD44 and CXCR4 
in the presence of C-X-C motif chemokine 12 (CXCL12) 
was demonstrated, and this association was inhibited by 
a low-molecular weight HA [25]. In gastric cancer cells, 
together with human epidermal growth factor receptor 2 
(HER2), CD44 upregulated CXCR4 via epigenetic silencing 
of microRNA-139. However, until now, no study has reported 
the effect of CD44 knockdown on the CXCR4 expression. To 
the best of our knowledge, this preliminary study is the first 
to report decreased expression of CXCR4 and POU5F1 after 
CD44 gene knockdown by siRNA.

Co-stimulation with TGFβ/TNFα could induce EMT in 
various cancer models. However, in our study, the knockdown 

FIGURE 2. Effects of CD44 silencing on the expression of CXCR4 and POU5F1 (Oct4). CD44 gene was knocked down in TGFβ1/TNFα-
treated A549 cells by small interfering RNA (siRNA) against CD44, in a 6-well plate. Next, quantitative reverse transcription polymerase 
chain reaction (RT-qPCR) was performed to determine the relative mRNA levels of (A) CD44, (B) POU5F1 (Oct4), and (C) CXCR4 and the 
results were normalized to actin expression. Two specific siRNAs for CD44 (siCD44#1 and #2) and one non-specific siRNA as a control 
(siControl) were used. Data are expressed as mean ± standard deviation. *p<0.05 indicates a significant difference, while NS indicates a 
non-significant difference.
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of CD44 did not restore the mRNA expression of epithelial 
marker E-cadherin, nor it downregulated the expression of 
mesenchymal markers fibronectin, vimentin, and N-cadherin. 
Also, the CD44 knockdown did not cause changes in the mor-
phology of A549 cells. These findings suggest that the regula-
tion of POU5F1 and CXCR4 expression was independent of 
EMT signaling pathway in our TGFβ1/TNFα-induced EMT 
model.

One of the limitations of our in vitro study is that it did 
not explain if the CD44-mediated regulation of CXCR4 and 

POU5F1 expression was due to a direct or indirect molecular 
mechanism. In addition, in this preliminary study, we did not 
confirm the suppression of CD44 at the protein level, which 
should be assessed using Western blot analysis. Moreover, the 
biological significance of CD44 silencing in terms of self-re-
newal ability of cells, as well as tumorigenicity of TGFβ1/
TNFα-induced lung cancer cells in vivo, should be further 
explored. Future studies should also clarify intracellular signal-
ing cascades that are associated with the expression of CD44-
mediated stem cell-related factors.

FIGURE 3. The mRNA expression of (A) E-cadherin, (B) N-cadherin, (C) vimentin, and (D) fibronectin in CD44 knockdown A549 cells, 
after TGFβ1/TNFα treatment. Data were normalized to actin expression. (E) A549 cells (1.5 × 105) in 6-well plates were reverse transfected 
with control siRNA oligo (siControl) and two siRNA oligos against CD44 (siCD44 #1 and #2) and allowed to adhere for 24 hours. The cells 
were then treated with TGFβ1/TNFα for 24 hours. Representative images of A549 cells were photographed. The bar represents 200 μM. 
The results are expressed as mean ± standard deviation. *p<0.05 indicates a significant difference, while NS indicates a non-significant 
difference.
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CONCLUSION

Overall, our results indicate that CD44 possibly have a 
role in regulating other CSC markers, particularly CXCR4 and 
Oct4, and that this processes is independent of EMT signal-
ing pathway. It is important to investigate the implication of 
CD44 in the self-renewal ability of lung cancer cells using both 
in vitro and in vivo models.
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