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Lin28/let-7/Bcl-xL pathway: The underlying
mechanism of drug resistance in Hep3B cells
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Abstract. Hepatocellular carcinoma (HCC) is highly resistant
to chemotherapeutic drugs, which markedly reduces the effect
of chemotherapy. Lin28 has been shown to contribute to tumor
relapse after chemotherapy; however, the relationship between
Lin28 and chemotherapy drug resistance is unknown. In the
present study, we established a drug-resistant Hep3B cell line
to investigate the association between Lin28 and drug resis-
tance in HCC, and we identified the underlying mechanisms.
We found that the expression of Lin28 was closely associated
with resistance to paclitaxel. The drug-resistant Hep3B cell
line, which expresses high levels of Lin28, is more resistant
to paclitaxel and other anticancer drugs than the parental cell
line. Moreover, further studies showed that dysregulation of
Lin28 inhibited let-7 family microRNA levels and upregulated
the anti-apoptotic protein Bcl-xL, which is a target of let-7. Our
results indicate that the Lin28/let-7/Bcl-xLL pathway underlies
the drug resistance of Hep3B cells.

Introduction

Hepatocellular carcinoma (HCC) is one of the most frequently
occurring malignancies in Asia, due to the endemic status
of chronic hepatitis B and C virus infection (1). The onset of
HCC is insidious, and no symptoms occur in the early stages.
Surgical removal is not suitable for most patients with HCC;
therefore, transcatheter arterial chemoembolization (TACE)
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has become the mainstay of treatment (2). However, hepatoma
cells are known to be highly resistant to chemotherapeutic
drugs (3). This severely reduces the effects of TACE. Thus,
there is an urgent need to determine the drug resistance
mechanism in HCC.

Lin28, a well-known cancer stem cell marker (4), has
become a popular target of researchers in recent years.
Several studies have demonstrated that high expression of
Lin28 correlates with resistance to chemotherapy in breast
and gastric cancer (5,6). Since Lin28 is also highly expressed
in HCC (7), we investigated whether high Lin28 expression
is also related to drug resistance in HCC. Lin28 is an RNA
binding protein that blocks the biogenesis of let-7 by inducing
terminal uridylation and degradation of let-7 precursors (8.,9).
Downregulation of let-7 promotes the expression of Bel-xL, an
anti-apoptotic gene; overexpression of Bcl-xL always induces
apoptosis resistance and reduces the sensitivity of tumor cells
to drugs (10). Here, we examined whether Lin28-mediated
dysregulation of the Lin28/let-7/Bcl-xL pathway is involved in
the drug resistance of HCC.

In the present study, we established a drug-resistant Hep3B
cell line (Hep3B/TAX) by stepwise sequential exposure to
increasing concentrations of paclitaxel to analyze the relation-
ship between Lin28, the let-7 family, Bcl-xL and the drug
resistance in HCC. The aim of the present study was to gain
insight into the molecular mechanisms of chemoresistance and
to provide a potential target to overcome chemoresistance in
HCC.

Materials and methods

Chemicals and reagents. Paclitaxel was purchased from
Tianjin YiFang Science and Technology, Ltd. (Tianjin, China).
5-Fluorouracil injection, cisplatin and cytoxan were obtained
from Zhejiang Chinese Medical University Second Clinical
Medical College. Antibodies against Lin28 and p-actin, and
horseradish peroxidase-conjugated secondary antibodies
were purchased from Boster Biological Technology, Ltd.
(Wuhan, China). Antibodies against caspase-3 and -9, BAX,
cytochrome ¢, Bcl-2 and Bcel-xL were purchased from
Hangzhou HuaAn Biotechnology Co., Ltd. (Hangzhou,
China). Dulbecco's modified Eagle's medium (DMEM), fetal
bovine serum (FBS), and other tissue culture reagents were
purchased from Beijing Dingguo Changsheng Biotechnology



TIAN et al: Lin28/let-7/Bcl-xL PATHWAY IS ASSOCIATED WITH DRUG RESISTANCE

Co., Ltd. (Beijing, China). TRIzol reagent was purchased from
Invitrogen (Carlsbad, CA, USA). HiFi-MMLV cDNA kits
and UltraSYBR Mixture were obtained from Beijing Kang
Century Biotechnology Co., Ltd. (Beijing, China).

Cell culture. The human hepatoma cell line Hep3B was
obtained from Boster Biological Technology, Ltd., and was
routinely cultured in DMEM supplemented with 10% FBS,
penicillin (100 U/ml) and streptomycin (100 mg/ml) at 37°C
and 5% CO,.

Development of a paclitaxel-resistant cell line (Hep3B/TAX).
To develop a paclitaxel-resistant HCC cell line, Hep3B cells
were exposed to gradually increasing concentrations of pacli-
taxel (0.01-0.2 uM) in complete medium. Briefly, Hep3B cells
were seeded in culture flasks at a density of 4-5x10° cells/ml and
allowed to grow. After 24 h incubation, paclitaxel (0.01 xM)
was added, and the cells were incubated for another 24 h.
Then, the cells were washed 3 times with D-Hanks solution
and the medium was changed to paclitaxel-free medium. The
cells were incubated and allowed to grow until confluent.
Then, the cells were subcultured and re-exposed to double the
dose of drug. This process was repeated until the cells were
resistant to 0.2 uM paclitaxel. After successful development,
Hep3B/TAX cells were maintained in complete medium
containing a low concentration of paclitaxel (0.01 zM).

Morphological examination of the drug-resistant Hep3B/TAX
cells. Hep3B and Hep3B/TAX cells were seeded in 35 mm
petri plates at a density of 1x10° cells/ml. After 24 h incuba-
tion, cells were visualized and photographed under a Nikon
Eclipse 80i microscope connected to a DS-5M-L1 camera.

Cell viability assay. A previously described 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) uptake
method (11) was used to determine the effect of drugs on the
proliferation and viability of Hep3B and Hep3B/TAX cells.
Experiments were repeated three times with 6 wells for each
treatment to ensure the reproducibility of results. The ICj,
value was defined as the dose of the drug required to inhibit
cell growth by 50% and was calculated using the improved
Karber's method.

Flow cytometry analysis (FCM). To determine whether
Hep3B/TAX cells were more resistant to paclitaxel than the
parental Hep3B cells, Hep3B/TAX and Hep3B cells were
seeded in 35 mm petri plates at a density of 1x10° cells/ml.
After 24 h incubation, cells were treated with paclitaxel for
another 24 h, and untreated cells served as control. Next, the
cells were washed twice with PBS and resuspended in 100 pl
incubation buffer (PBS buffer containing 2% BSA and 2%
FBS), and 100 ul of Guava Nexin reagent was added. After
incubation for 20 min at RT in the dark, all the samples were
filtered sequentially through 200 ym mesh sieves and analyzed
using Guava EasyCyte 8 flow cytometer (EMD Millipore,
USA). Annexin V-PE-negative and 7-A AD-negative cells were
considered alive.

Quantitative real-time PCR. Total RNA was isolated using
TRIzol reagent according to the manufacturer's instructions.
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cDNA was synthesized using a HiFi-MMLV cDNA kit. To
synthesize let-7 family cDNAs, specific RT-primers were used
that were based on the sequence of each family member, and the
RT-primer for U6 was the same as the reverse primer (Table I).
Real-time PCR was conducted using UltraSYBR Mixture. All
primers were synthesized by GenScript Co., Ltd. (Nanjing,
China). All samples were run in triplicate, and changes in gene
expression were calculated using the AACt method.

Western blot analysis. Total protein was extracted from cells
using Protein Extraction Reagent (Boster Bioengineering,
Wuhan, China) containing 1 mM phenylmethanesulfonyl fluo-
ride (PMSF) (Roche Molecular Biochemicals, Indianapolis,
IN, USA). Protein concentrations were determined by the BCA
protein assay (Nanjing KeyGen Biotech Co. Ltd., Nanjing,
China). The proteins were separated by 10% SDS-PAGE and
transferred to a polyvinylidene difluoride (PVDF) membrane
(Pall Gelman Laboratory Corporation, Ann Arbor, MI, USA).
Then, the western blot analyses were probed with antibodies
against Lin28, caspase-3 and -9, BAX, cytochrome c, Bcl-2,
Bcl-xL and B-actin. The protein bands were detected by
enhanced chemiluminescence.

Statistical analysis. Data are expressed as means = SD of
experiments performed in triplicate. Statistical analysis was
performed using one-way analysis of variance (ANOVA) for
multiple comparisons and t-tests for comparisons between
groups. A P-value of <0.05 was considered to indicate a statis-
tically significant difference.

Results

Establishment of the Hep3B/TAX cell line. A human hepa-
toma paclitaxel-resistant model system was established, as
described in the Materials and methods section, to study the
molecular mechanisms of drug resistance. After 9 months
of development, we obtained Hep3B/TAX cells that grew
stably in DMEM containing 0.2 #M paclitaxel. Microscopic
observation showed that the Hep3B/TAX cells were elon-
gated compared with their parental cells, especially at low
cell density (Fig. 1A, a-1 and a-2), and the number of black
particles in cytoplasm of Hep3B/TAX cells increased (Fig. 1A,
b-1 and b-2). The doubling time for Hep3B was 44.21+1.47 h
and that of Hep3B/TAX cells was 49.16+1.89 h, therefore
the growth rate of paclitaxel-resistant cells was significantly
lower than that of the parental cells (Fig. 1B, P<0.01). Next,
to determine the ICs, value of paclitaxel, Hep3B and Hep3B/
TAX cells were treated with various doses of paclitaxel for
48 h and then cell viability was assessed using the MTT
assay. As shown in Fig. 2A, we found that the survival rate
of Hep3B/TAX cells was much higher than that of their
parental cells after treatment with the same dose of paclitaxel.
The IC;, values were 0.2 yuM for Hep3B cells and 5.65 yuM
for Hep3B/TAX cells at 48 h, and the drug resistance index
was 28.25 (Table II). These data suggest that Hep3B cells are
more sensitive to paclitaxel than Hep3B/TAX cells. We also
assessed the response of Hep3B and Hep3B/TAX cells to other
chemical drugs besides paclitaxel, and we found that Hep3B/
TAX cells exhibited cross-resistance to cisplatin, 5-fluoro-
uracil and cytoxan (Fig. 2B-D and Table II).
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Table I. Primer pairs used for quantitative real-time PCR.

Gene Primer name Sequences (5'-3")

Let-7a RT-primer GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAACTAT
Forward primer CGGTGAGGTAGTAGGTTGT

Let-7b RT-primer GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAACCAC
Forward primer CGGTGAGGTAGTAGGTTGT

Let-7c RT-primer GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAACCAT
Forward primer CGGTGAGGTAGTAGGTTGT

Let-7d RT-primer GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAACTAT
Forward primer CGCCGAGAGGTAGTAGGTTGC

Let-7e RT-primer GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAACTAT
Forward primer CGGTGAGGTAGGAGGTTGT

Let-7f RT-primer GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAACTAT
Forward primer CGGTGAGGTAGTAGATTGT

Let-7¢g RT-primer GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAACTGT
Forward primer CGCCGTGAGGTAGTAGTTTGT

Let-7i RT-primer GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAACAGC
Forward primer CGCCGTGAGGTAGTAGTTTGT

Mir-98 RT-primer GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAACAAT
Forward primer CGGTGAGGTAGTAAGTTGT

Universal Reverse primer GTGCAGGGTCCGAGGT

U6 Forward primer CTCGCTTCGGCAGCACA
Reverse primer AACGCTTCACGAATTTGCGT

Lin28 Forward primer CGGCCAAAAGGAAAGAGCAT
Reverse primer GTTGGCTTTCCCTGTGCACT

Bcl-2 Forward primer CCAAGAATGCAAAGCACATCCA
Reverse primer GGTTATCGTACCCTGTTCTCCC

Bax Forward primer CAGCTGACATGTTTTCTGACGG
Reverse primer AATGTCCAGCCCATGATGGTT

[B-actin Forward primer GGCACCACACCTTCTACAAT
Reverse primer GTGGTGGTGAAGCTGTAGCC

29 - Hepm
-9 Hep3B/TAX

Ad490

0 24 48 72 96 120 144

Figure 1. Establishment of paclitaxel-resistant cells (Hep3B/TAX). (A) Hep3B and Hep3B/TAX cells were observed under a microscope, (a-1 and a-2, x100);
(b-1 and b-2, x400). (B) The growth curve of Hep3B and Hep3B/TAX cells. Cells (2x10°) were plated in 96-well plates and medium was removed at indicated
time intervals and cell survival was evaluated by MTT assay.
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Figure 2. Effect of anticancer drugs on cell viability of Hep3B and Hep3B/TAX cells. Cell viability was assessed by MTT assay after 48 h of treatment with
different concentrations of (A) paclitaxel, (B) cisplatin, (C) 5-fluorouracil and (D) cytoxan. The results are provided as means + SD from at least 3 independent

experiments.

Table II. Response of Hep3B and Hep3B/TAX cell lines to
various anticancer drugs.

Table III. Rate of apoptosis in Hep3B and Hep3B/TAX cells
induced by paclitaxel.

ICs, (ug/ml)
Anticancer Resistance
drug Hep3B Hep3B/TAX index
Paclitaxel 0.2 5.65 28.250
Cisplatin 2.976 6.591 2.215
5-Fluorouracil 64.874 148.431 2.288
Cytoxan 712.582 2407.008 3.378

Apoptosis resistance of Hep3B/TAX cells and expression of
apoptosis-related genes. After 24 h exposure to paclitaxel in
DMEM, Hep3B and Hep3B/TAX cells were harvested, and
their apoptosis rates were determined. As shown in Fig. 3, we
observed that untreated Hep3B and Hep3B/TAX cells both
showed very low apoptosis rates (1.55+0.55 and 2.41+0.69%,
respectively; Table III). After treatment with paclitaxel, the
percentage of apoptotic Hep3B cells markedly increased to
21.65+2.28% (0.1 uM) and 30.57+4.74% (0.4 uM), whereas
the apoptosis rate in Hep3B/TAX cells was still very low, only
2.63+0.87,3.82+0.99 and 3.55+0.57% following treatment with
0.1,0.2 and 0.4 uM paclitaxel. Therefore, compared with Hep3B
cells, Hep3B/TAX cells were much less sensitive to paclitaxel.

Dose of paclitaxel (M)
Celltype 0 (%) 0.1 (%) 0.2 (%) 04 (%)
Hep3B  1.55+0.55 21.65+2.28* 23.39+4.24* 30.57+4.74
Hep3B/ 2.41+0.69 2.63x0.87° 3.8240.99° 3.55+0.57°
TAX

Numerical data are expressed as means + SD from 3 results. “P<0.001
compared with untreated cells; "P<0.001 Hep3B/TAX compared with
Hep3B cells.

Activation of caspases is a hallmark of apoptosis; to measure
this, Hep3B and Hep3B/TAX cells were treated with 0.2 yuM
paclitaxel for 24 h, and whole cell extracts were prepared and
caspase-9 and -3 activation was assessed. Western blot analysis
showed that cleavage of caspase-9 and -3 in Hep3B/TAX was
reduced (Fig. 4A). Furthermore, we found that in Hep3B/TAX
cells, the expression of Bax was reduced whereas the expres-
sion of anti-apoptosis protein Bcl-2 was enhanced (Fig. 4A),
and real-time PCR analysis confirmed these findings (Fig. 4B).
These results indicated that Hep3B/TAX cells are resistant to
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Figure 3. Induction of apoptosis in Hep3B and Hep3B/TAX cells treated with paclitaxel. Hep3B and Hep3B/TAX cells were incubated exclusively in DMEM
culture medium or were treated with different concentrations of paclitaxel for 24 h. After incubation, apoptosis was assessed using Annexin V-PE/7-AAD.
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Figure 4. Expression of pro- and anti-apoptotic genes in Hep3B and Hep3B/TAX cells. (A) Western blot analysis of caspase-3,-9, Bcl-2 and Bax in Hep3B and
Hep3B/TAX cells. (B) gPCR analysis of Bcl-2 and Bax in two cell lines. “P<0.001 Hep3B/TAX compared with Hep3B cells.

paclitaxel-induced apoptosis. Although this phenotype may
be related to drug resistance, it nevertheless confirmed the
successful development of a drug-resistant cell line.

Lin28/let-7/Bcl-xL is associated with drug resistance in
Hep3B cells. To determine whether Lin28 expression is asso-
ciated with the drug resistance observed in HCC, we examined
the expression of Lin28 in Hep3B and paclitaxel-resistant
Hep3B/TAX cells by qPCR. We found that the mRNA level
of Lin28 in the paclitaxel-resistant cell line was 75-fold higher
than that in the parental Hep3B cells (Fig. 5A) and the Lin28
protein level in Hep3B/TAX cells was also much higher than

that in Hep3B cells (Fig. 5B). Then, we measured the expres-
sion of let-7 family miRNAs, which are regulated by Lin28.
The results showed that the expression of all the let-7 family
members tested was reduced except let-7b (Fig. 5C). The
anti-apoptotic protein Bcl-xL plays a transcendental role in
chemoresistance in tumor cells, and Bcl-xL is regulated by
let-7. Therefore, we examined the expression of Bcl-xL both
in Hep3B and Hep3B/TAX cells by western blotting. We
observed that the level of Bcl-xL protein was much higher in
Hep3B/TAX cells than in Hep3B cells. All the data suggest
that the Lin28/let-7/Bcl-xL pathway is associated with drug
resistance in Hep3B cells.
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Figure 5. The expression of Lin28 and let-7 family in Hep3B and Hep3B/TAX cells. (A) Lin28 mRNA was examined by qPCR in Hep3B and Hep3B/TAX cells.
(B) Lin28 expression was determined in Hep3B and Hep3B/TAX cells separately by western blotting; 3-actin expression was used as a control. (C) Expression
of let-7 family miRNAs by qPCR. “P<0.001 Hep3B/TAX compared with Hep3B cells.

Discussion

Human cancer exhibits differential sensitivities to chemothera-
peutic drugs, which is associated with the inherent sensitivity
of their tissues of origin. Solid tumors, such as hepatocellular
carcinoma (HCC), show a high degree of drug resistance
due to poor drug uptake as well as intrinsic factors which
regulate the cellular response to different drugs. Although a
considerable research has been carried out, particularly on the
overexpression of the P-glycoproteins which are encoded by
the MDRI1 class of genes (12-14), the micro-mechanism has
not yet been fully elucidated. Therefore, in the present study,
we established a drug-resistant cell line, Hep3B/TAX, using
stepwise selection to explore the underlying mechanism of
drug resistance in HCC cells.

We confirmed the drug-resistant phenotype by assessing
the growth properties of Hep3B/TAX cells in comparison to
the parental Hep3B cells. Although Hep3B/TAX cells doubled
more slowly than Hep3B cells, the survival rate of Hep3B/TAX
cells in the presence of paclitaxel was much higher than that
of Hep3B cells. The IC;, value of paclitaxel for Hep3B/TAX
was 5.65 uM, whereas that for Hep3B was only 0.2 uM (the
drug resistance index was 28.25). Additionally, Hep3B/TAX
cells also exhibited resistance to cisplatin, 5-fluorouracil and
cytoxan. This cross-resistance phenotype was also reported
by other groups (15,16). Next, we confirmed the drug resis-
tance phenotype by measuring the induction of apoptosis in
Hep3B/TAX cells following treatment with paclitaxel. The

apoptosis rate in Hep3B/TAX cells was clearly lower than that
in Hep3B cells after same dose paclitaxel treatment. Since
caspases are situated at pivotal junctions in apoptosis, we
examined the expression and cleavage of caspase-9 and -3 in
these two cell lines. The data suggest that the resistance of
Hep3B/TAX cells to apoptosis associated with drug resistance
and the caspases dependent mitochondrial intrinsic pathway
since we observed a reduction in cytochrome c release and
cleavage of caspase-9 and -3, which act on the death substrates
(17). In addition, the anti-apoptosis gene Bcl-2 and the
pro-apoptosis gene BAX were also involved (Bcl-2 was down-
regulated and BAX was upregulated in Hep3B/TAX cells).

Recently, the cancer stem cell marker Lin28 has emerged
as a contributor to drug resistance. It has been reported that
Lin28 expression is a possible mechanism of chemoresistance
in breast cancer by targeting p21, Rb and let-7 miRNA (5).
Teng et al (6) demonstrated the role of Lin28 in predicting the
chemosensitivity of gastric cancer patients. In this study, we
also found much higher Lin28 mRNA and protein expression
in the drug-resistant Hep3B/TAX cell line than in the parental
cell line. Furthermore, the expression of let-7 family miRNAs,
which are regulated by Lin28, were all reduced in Hep3B/
TAX cells except let-7b, and let-7i had the lowest expression.
Liu et al also found that decreased expression of microRNA
let-71 was associated with chemotherapeutic response in
human gastric cancer (18). On the other hand, our results of
the let-7 family showed a preference for interaction of let-7
microRNAs with Lin28.
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Previous studies demonstrated that Bcl-xL was overex-
pressed in one-third of human HCC and that it was associated
with drug resistance in hepatoma cells (19). Notably, it is nega-
tively regulated by the let-7 family. Therefore, we measured
the expression of Bcl-xL in Hep3B/TAX and Hep3B cells.
Western blotting showed that the expression of Bcl-xL was
significantly higher in Hep3B/TAX cells than in the parental
Hep3B cells, suggesting its association with drug resistance in
Hep3B cells. Bel-xL is a well-known anti-apoptotic gene of the
Bcl-2 family. Cancer cells frequently overexpress one or more
members of this family to acquire a survival advantage (20).
Therefore, we considered that overexpression of Lin28
induced downregulation of let-7 family microRNAs, which
induced the overexpression of Bcl-xL. The overexpression of
Bcl-xL allowed Hep3B/TAX cells to escape from apoptosis
and acquire a survival advantage when treated with chemo-
therapeutic drugs.

In summary, the Lin28/let-7/Bcl-xL. pathway may be an
underlying mechanism of drug resistance of Hep3B cells. Our
study provides valuable information for the improvement of
chemotherapy in patients with HCC.
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