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Background: Hepatocellular carcinoma (HCC) is one of the most common malignancies in the world 
and contributes to a high cancer mortality globally. The multistep progression of HCC is highly related 
to the activation of oncogenes and the deactivation of cancer suppressor genes. The cyclin-dependent 
kinase 7 (CDK7) gene is responsible for maintaining a normal cell cycle, acting as a gatekeeper, and plays an 
important part in RNA transcription. Although previous studies demonstrate that CDK7 is highly expressed 
in multiple cancers and is associated with the progression and prognosis of these cancers, the potential role 
of CDK7 in HCC still needs to be explored. 
Methods: Data consisting of CDK7 expression levels, patient phenotypes and their matched survival were 
acquired from The Cancer Genome Atlas (TCGA) database. The associations of the CDK7 expression level 
with clinicopathological factors and cell proliferation were analyzed. The HCC transcriptome data in the GEO 
database were inquired and analyzed using GEO2R. Two representative HCC cell models were built to observe 
the proliferation capacity of HCC cells when CDK7 expression was inhibited by either shCDK7 or THZ1.
Results: Based on the transcriptome and survival data in the TCGA database, the CDK7 expression level 
was inversely proportional to the overall survival of the HCC patients (pooled HR =1.51, 95% CI =1.06–
2.15). For further investigation, the clinical features of HCC were integrated with the expression level of 
CDK7. A high expression of CDK7 was proportional to the survival time of the HCC patients (P=2.38×10−3), 
the neoplasm histologic grade (P<1×10−4) and cell proliferation (P<1×10−3). Moreover, CDK7 expression in 
the liver tumor was higher than that in non-tumor tissues (t-test =6.04, P=2.27×10−8). For HCC patients, 
CDK7 expression was higher in the tumor tissues than in the para-carcinoma tissues, based on five GEO 
datasets (Z score =−6.20, P=5.64×10−10). In the SMMC-7721 and Huh7 cell lines, CDK7 shRNA-transfected 
cells showed significantly lower capabilities of cell growth and proliferation than those of the shRNA control 
group after 48 hours of cell culture. Furthermore, the cell proliferation capacity was also inhibited when the 
SMMC-7721 cells (P=6.47×10−4) or Huh7 cells (P=2.52×10−2) were exposed to THZ1.
Conclusions: The CDK7 expression level in HCC is associated with HCC progression, prognosis and 
the cell proliferation capacity. CDK7 may act as a potential target for HCC, and THZ1 might be a potent 
medicine for HCC treatment.
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Introduction

Hepatic cancer is one of the most common malignancies. 
It contributes to the sixth largest proportion of cancer 
mortality globally with this disease representing 9% of 
total cancer deaths (1). Hepatocellular carcinoma (HCC) 
contributes to 70–90% of total primary liver cancers, with 
a majority in Asia and sub-Saharan Africa (2). The multi-
step progression of HCC is related to the mutations in 
oncogenes and the alteration of cancer suppressor genes; 
some of which control the cell cycle. Cyclin-dependent 
kinases (CDKs) mediate regular cell cycles, promoting 
the cell through its growth-and-division cycle (3).  
They maintain a regular cell cycle and arrest it when 
DNA damage occurs. Recent studies demonstrate that 
CDKs shorten the HCC cell cycle phases, enhance cell 
proliferation and inhibit cell apoptosis by affecting the 
accumulation of the transcripts of cell-cycle and anti-
apoptosis signaling families (4). Such changes in the 
transcripts may be directly related to the increase in the 
malignant phenotypes of HCC.

Cyclin-dependent kinase 7 (CDK7) belongs to the CDK 
family, which includes serine/threonine kinases that mediate 
signaling pathways in the cell cycle clock. CDK7 is one of 
the novel CDKs, and two main mechanisms of how it takes 
part in cellular regulation have been characterized. First, 
as a dominating component of the CDK-activating kinase 
(CAK), CDK7 itself can phosphorylate the Thr161 site of 
other gatekeepers (CDK2, CDK4, and CDK6), which then 
drives cells to proceed from the G1 to the S phase of the 
cell cycle (5). Second, CDK7 is an essential competent of 
TFIIH, a type of transcription factor that plays a central 
role in the formation of the DNA repair process and the 
pre-initiation complex (PIC). While RNA is assembling, 
TFIIH phosphorylates the C-terminal domain of RNA 
polymerase II (POLR2A) in the early phase to initiate the 
elongation phase of transcription (3).

CDK7 activates other CDKs and plays a significant role 
in promoting cancer cell progression and proliferation (6). 
Both the proliferation and growth of various tumor cells 
are repressed when CDK7 inhibitors are applied. These 
cell lines include ovarian cancer, T cell acute lymphoblastic 
leukemia, MYCN-amplified neuroblastoma, high-grade 

glioma and small-cell lung cancer cell lines (7-11). Studies 
suggest that the inhibition of CDK7 causes a reduction in 
globe mRNA expression and decreases transcription factors, 
such as the E2F, NRF1, and CREB family, which play 
established roles in oncogenesis (7,11). Thus, CDK7 offers 
an important therapeutic target of cancer cells.

Meanwhile, a high expression of CDK7 is linked to the 
deteriorated prognosis of various cancers, such as gastric 
cancer, esophageal squamous cell carcinoma, and estrogen 
receptor positive and triple-negative breast cancer (6,12-15).  
Moreover, the overexpression of CDK7 might be positively 
correlated with tumor grade, stage, infiltration, and the 
invasion of lymph nodes in the gastric tumor (6). To 
investigate the influence of CDK7 expression on the tumor 
prognosis in general, we systematical reviewed 121 studies 
in the PubMed database from 2000 to July 2017. The result 
supported the conclusion that a high expression of CDK7 
was directly related with the poor prognosis of tumors (HR 
=1.63, 95% CI =1.31–2.03, P<1×10−4, Figure S1). However, 
each individual study only reported fragmented evidence 
of CDK7 affecting a specific type of cancer progression and 
prognosis. Systematic reviews of the correlation between 
CDK7 expression and the pathophysiological features of 
cancers are still not available. 

Methods

TCGA data acquisition and analysis

The data, including the CDK7 expression levels, patient 
phenotypes and their matched survival, were acquired from 
the TCGA database up until July 2017. These data were 
collected from the cBio Cancer Genomics Portal (www.
cbioportal.org), and all the quantification files were checked 
and downloaded with “.txt” format.

The cutoff CDK7 expression level was defined by the 
mean expression. Values above the mean expression value 
were characterized as “high expression”, while those under 
this value were defined as “low expression”.

The obtained TCGA data were sorted, quantified 
and analyzed by SPSS 22.0 (IBM, Chicago, IL, USA). 
The median expression was used as the cutoff value in 
the Kaplan-Meier curve and Cox regression model. The 
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Kaplan-Meier survival curve was plotted, and a log-rank test 
was performed to test the significance of the two different 
expression groups. These clinicopathological factors include 
the age at the initial pathological diagnosis, albumin, 
creatinine and fetoprotein values, fibrosis (Ishak score), sex, 
pathologic TNM stages and prothrombin time. 

Meta-analysis of the relationship between CDK7 expression 
and cancer prognosis

A total of 121 studies were systematically reviewed based on 
the following keywords in PubMed: “(CDK7 OR “Cyclin-
dependent kinase 7”) AND (cancer OR carcinoma OR 
tumor OR tumors OR neoplasm OR neoplasms) AND 
((survival OR survivals) OR (prognosis OR prognostic OR 
predictive value OR progression OR progressions) OR 
(outcome OR follow-up OR risk)).” The search ended 
in July 2017. Four studies related to gastrointestinal 
malignancies with patient survival data were obtained 
for the analysis. The hazard ratio (HR) was extracted or 
calculated from the Kaplan-Meier curves using Engauge 
Digitizer 4.1 (http://digitizer.sourceforge.net).

The analysis was conducted using Review Manager 5.3 
(Cochrane Collaboration, Oxford, UK), and the data were 
based on the qualified studies in the PubMed and TCGA 
databases. The correlation of CDK7 expression level and 
HCC prognosis was measured by the pooled HR with 95% 
CI. When I2>50%, a random effect model was applied, or a 
fixed effect model was fit otherwise.

DEGs and individual gene meta-analysis 

The interactive web tool GEO2R, which allows users to 
compare two or more groups of samples in a GEO Series, 
was used to identify the DEGs from the eight independent 
GEO datasets. GEO2R performs comparisons on the 
original Series Matrix data file that was submitter-supplied 
using the GEOquery and limma R packages from the 
Bioconductor project (16,17). For the TCGA dataset, the 
limma package was used to identify the DEGs between the 
cancer and non-tumor tissue. The analysis results, including 
ID, P value, t, B, and logFC, are presented as tables of 
genes ordered by significance.

Two meta-analysis approaches were used for further 
analysis (18,19). We used the first method to obtain the 
effect size from each dataset and combined them into 
a meta-effect size to estimate the extent of differential 
expression among all the datasets. We used Hedges’ 

adjusted g to compute the effect size for each gene. The 
study-specific effect sizes were combined to obtain the 
pooled effect size and its standard error using the random 
effects inverse-variance technique. We used the second 
nonparametric method to conduct combination P values 
based on the Z-scores for each gene in each dataset (20). 

Cell culture and treatment 

Human HCC cell lines, including HepG2 and Skhep-1 
cells, were purchased from the American Type Culture 
Collection (Manassas, VA, USA). The Huh7 and HCC-
LM3 cells were obtained from the Cell Bank of the Type 
Culture Collection of the Chinese Academy of Sciences 
(Shanghai, China). The Hep3B, Skhep-1, Huh7, HepG2, 
HCC-LM3, SMCC-7721, BEL-7402, and MHCC-
97L cells were cultured in DMEM Medium (Invitrogen) 
supplemented with 10% fetal bovine serum (Gibco) at 37 ℃ 
in a humidified atmosphere with 5% CO2.

Plasmids construction and transfection 

The CDK7 (GenBank Accession No. NM_001799) was 
isolated from the human cDNA library. The shRNA 
sequences targeting the CDK7 were as follows: shCDK7 1: 
CCGGCATTTAAGAGTTTCCCTGGAACTCGAGTT
CCAGGGAAACTCTTAAATGTTTTT; shCDK7 2: CC
GGGAAACTGATCTAGAGGTTATACTCGAGTATAA
CCTCTAGATCAGTTTCTTTTTTG; and shCDK7 3: 
CCGGGTAAATGCTGTAGAAGTGAGTCTCGAGAC
TCACTTCTACAGCATTTACTTTTTTG. The positive 
control shRNA sequence was CCGGGCCAATCGTTCT
CTGACAGAACTCGAGTTCTGTCAGAGAACGATT
GGCTTTTT.

For the preparation of cell transfection, the HCC 
SMMC-7721 and Huh7 cells were transferred from the 
cell culture flask to a density of 5×103 cells in 24-well plates 
in DMEM with 10% (v/v) FBS for 24 hr. The cells were 
70–90% confluent when the transfection was initiated. 
A scrambled shRNA was used as the negative control. 
The CDK7 specific shRNAs (shCDK7), shCDK7 or the 
scrambled shRNA was transfected into the SMMC-7721 
and Huh7 cells with the Lipofectamine 3000 Reagent (Life 
Technologies, USA) according to manufacturer’s protocol. 

Cell proliferation assay

The bromodeoxyuridine (BrdU) assay was performed 
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according to manufacturer’s protocol in the BrdU 
colorimetric cell proliferation assay kit instruction 
manual (cat# 1 647 229; Roche). For all the experimental 
conditions, the HCC SMMC-7721 and Huh7 cells were 
plated at a density of 1×106 cells per well in 6-well plates 
and were rendered quiescent by serum starvation for 36 hr. 
The cells were then re-stimulated with 10% (v/v) FBS for  
18 hr before labeling the cells with BrdU for 6 hours. 
S-phase cells were visualized by microscopy and were 
quantitated by counting three fields of 100 cells in 
quadruplicate. The data are presented as the percentage of 
BrdU positive cells out of the 100 cells counted. 

RNA purification and quantitative RT-PCR

Total RNA was extracted with the TRIzol reagent 
(Invitrogen). A total of 1 μg of total RNA was used 
for reverse transcription using the PrimeScript RT 
reagent kit with gDNA Eraser (Takara) according to the 
manufacturer’s instructions. Quantitative RT-PCR (qPCR) 
was performed with SYBR Green (Applied Biosystems) 
using the ViiA7 Real-Time PCR System (Applied 
Biosystems). All the qPCR reactions were performed in 
triplicate. The relative mRNA expression was calculated 
by the comparative Ct method using GAPDH as a control. 
The primers used in the qRT-PCR were CDK7 FW: 
5'-GCAAAGCGTTATGAGAAG-3' and CDK7 REV: 
5'-AAAGCATCAAGGAGACCA-3'. The data were 
normalized to the housekeeping gene GAPDH. The 
primers for housekeep gene were as follows: GAPDH FW: 
5'-TGACTTCAACAGCGACACCCA-3' and GAPDH 
REV: 5'-CACCCTGTTGCTGTAGCCAAA-3'.

Cell viability assay with THZ1 treatment

The effects of the CDK7 inhibitor THZ1 on HCC SMMC-
7721 and Huh7 cellular viability were determined by a 
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay using a 
commercial kit (Promega, China). Briefly, THZ1 was 
dissolved in dimethyl sulfoxide (DMSO), and the final 
concentration of DMSO was adjusted to 0.1%. The cells 
were incubated with DMSO or THZ1 for 48 h and were 
quantitated by an absorbance measurement at 490 nm 
using a microplate reader. The results are shown as the 
ratio of the figures tested to the untreated control and are 
expressed as the mean values ± standard deviation for three 
independent experiments.

Results

Meta-analysis of the correlation between CDK7 expression 
and cancer prognosis

We acquired the transcriptome and survival data from 
23 types of tumors in TCGA the database to explore the 
association between the over-expression of CDK7 and 
clinical tumor prognosis. Thirteen tumor groups, with each 
group having a sample size of more than 100, were involved 
in the following research, with a total sample size of 3,887 
individual patients, as shown in Figure 1A. The results 
showed that a high expression level of CDK7 was overall 
significantly associated with a poor prognosis in tumors (HR 
=1.15, 95% CI =1.03–1.28, P=1×10−2). Although the survival 
was comparable between patients with high or low CDK7 
expression in the subgroup analysis of cancer in the digestive 
system (HR =1.19, 95% CI =0.98–1.45, P=9×10−2), we noticed 
that HCC prognosis was highly negatively related to the 
expression level of CDK7 (HR =1.51, 95% CI =1.06–2.15). 

The relationship between the CDK7 expression level and 
patient survival

The transcriptome and survival data were combined to 
further explore the connection of CDK7 and HCC prognosis 
in HCC. There were 256 patients included in this analysis, 
and the cutoff value of the CDK7 expression level was 
defined by the mean expression. As a result, 138 patients 
showed a high expression of CDK7, and 118 patients showed 
a low expression. This proved that highly expressed CDK7 
was indeed proportionally related to the poor survival time 
(P=2.38×10−3, Figure 1B), suggesting that CDK7 might be an 
important prognostic factor for overall survival in patients 
with HCC. In addition, we inquired about the correlation 
of the expression level of CDK7 and the clinicopathological 
factors in HCC (Table 1). The data implied that high 
CDK7 expression was related to neoplasm histologic grade 
(P<1×10−4). Multi-platform integrative molecular subtyping, 
performed by The Cancer Genome Atlas Research 
Network, divides HCC patients with different pathological 
and molecular features into three major groups (iCluster1, 
iCluster2 and iCluster 3). iCluster 1 is directly associated 
with the aberrant activation of cell proliferation (21,22). We 
found that patients with high CDK7 expression were more 
likely to be resolved into iCluster1 after combining the HCC 
iCluster data and the expression data of CDK7 (Table S1, 
P<1×10−3). This result may suggest that a high expression 
of CDK7 is positively associated with the activation of cell 
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Figure 1 CDK7 expression correlates with HCC progression, prognosis and cell proliferation. (A) The relationship between CDK7 expression 
and the prognosis in diverse tumor patients from the TCGA dataset. A high expression of CDK7 slightly promoted the poor prognosis, 
especially in gastrointestinal malignancy; (B) the association of CDK7 expression with patient survival based on 256 HCC patients. The 
Kaplan-Meier plot illustrates that a high expression of CDK7 is related to a worse prognosis of liver cancer; (C) violin plot for comparing 
the expression of CDK7 in the HCC and non-tumor tissues from the TCGA dataset. The result indicated that CDK7 was over-expressed in 
the HCC samples; (D) meta-analysis for comparing CDK7 expression in the HCC and para-carcinoma tissues based on five GEO datasets. 
The forest plot shows that CDK7 expression is upregulated in cancer (Z score =−6.20, P=5.64×10−10); (E) the relative mRNA level of CDK7 in 
different HCC cell lines; (F,G) comparing the proliferation rates of the CDK7 shRNA-transfected cells, the negative control group, and the 
positive control group in the SMMC-7721 and Huh7 cell lines at 48 hours. The number of cells is expressed as the fold change relative to the 
first-time point. The data shown represent the means ± SD, n=3. *, P<0.05; **, P<0.01; ***, P<0.001. HCC, hepatocellular carcinoma.
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proliferation. Together, these findings indicate that there are 
significant correlations between CDK7 expression and the 
clinical features of HCC.

CDK7 expression level in HCC tissues and patients

To investigate the expression level of CDK7 in HCC, we 
collected TCGA transcriptome data from the cBio Cancer 
Genomics Portal (www.cbioportal.org), including 375 liver-
tumor and 50 non-tumor samples. The violin plot showed 
that CDK7 expression in the liver tumor was higher than in 
the non-tumor tissues (t-test =6.04, P=2.27×10−8, Figure 1C).  
Additionally, we examined the HCC transcriptome data 
in the GEO database to validate whether CDK7 was 
highly expressed in HCC tumor tissue. As a result, 650 
samples (containing 341 tumors and 309 control tissues) 
were collected from five studies (GSE14520, GSE41804, 
GSE45267, GSE60502, and GSE6764). In each of the six 
subsets, CDK7 expression (probe code: 211297_s_at) was 
higher in the tumor tissues than in the para-carcinoma tissues 
(P<5×10−2, Table S2). Moreover, the result of the meta-analysis 
further confirmed that the expression level of CDK7 in liver 
cancer was higher than in the para-carcinoma tissues (Z score 
=−6.20, P=5.64×10−10, Figure 1D). Forest plots based on the 
five GEO datasets for comparing the expression of CDK7 in 

tumor and para-carcinoma tissues illustrated that these results 
were stable and without heterogeneity (SMD =1.32, 95% 
CI =1.02–1.62, P=7×10−2). Collectively, a high expression of 
CDK7 may play a crucial role in cancer progression and serve 
as a potential biomarker for cancer prognosis.

The influence of CDK7 downregulation on HCC cell lines

Two representative HCC cell lines (SMMC7721 and 
Huh7) were selected from a panel of eight HCC cell lines 
(MHHC97L, SMMC7721, HepG2, Hep3B, BEL-7402, 
Huh7, SK-hep and LM3) to determine the biological 
effect of CDK7 on HCC cells. A high expression of CDK7 
was found in the SMMC7721 cell lines, while a low CDK7 
expression was found in the Huh7 cell lines (Figure 1E). 
Subsequently, we evaluated the silencing capabilities of 
different CDK7 shRNAs and determined that CDK7-
shRNA-2 decreased the expression level of CDK7 most 
conspicuously (Figure S2). CDK7 knockdown reduced the 
proliferation rate of the SMMC7721 and Huh7 cells as 
shown in Figure 1F,G and Figure S3. Both the SMMC-7721 
cells and Huh7 cells, transfected with the CDK7 shRNA, 
showed significantly low growth capabilities during the 
48-hour cell culturing period compared to the scrambled 
shRNA. Moreover, we found that the reduction of the 
proliferation capacity in the CDK7 shRNA-transfected 
Huh7 cells (P=2.33×10−3) was remarkably significant 
compared to that of the CDK7 shRNA-transfected SMMC-
7721 cells (P=8.31×10−3), which might be because CDK7 is 
necessary for cell proliferation.

The effects of THZ1 on the HCC cell lines

THZ1 is a nanomolar intracellular CDK7 inhibitor that 
contains a cysteine-reactive acrylamide moiety and is reported 
to have a broad-based ability to target against the proliferation 
function of common cancer cell lines (9,23). SMMC-7721 and 
Huh7 cells were treated to THZ1 to assess the proliferation 
rate of the liver cancer cells exposed to the CDK7 inhibitor 
(Figure 2). The result showed THZ1 significantly inhibited 
the proliferation capacity of the SMMC-7721 (P=6.47×10−4) 
and Huh7 cells (P=2.52×10−2), suggesting that THZ1 might 
be a potent medicine for HCC treatment.

Conclusions

Based on the above analysis, we speculate that CDK7 may 

Table 1 Association of CDK7 expression levels with clinicopathologic 
factors in HCC

Clinicopathologic 
measurement data

CDK7 expression (n=331) (%)
P value

Low High

Age 0.123 

≤50 39 (11.8) 35 (10.6)

>50 161 (48.6) 96 (29.0)

Gender 0.304 

Male 142 (42.9) 86 (26.0)

Female 58 (17.5) 45 (13.6)

Histologic grade 0.000 

G1–G2 140 (42.3) 65 (19.6)

G3–G4 60 (18.1) 66 (19.9)

TNM stage 0.845 

Stage I–II 150 (45.3) 97 (29.3)

Stage III–IV 50 (15.1) 34 (10.3)

HCC, hepatocellular carcinoma; CDK7, cyclin-dependent kinase 7.
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be a potential target for HCC treatment. It is logical to 
imply that THZ1, a potent irreversible covalent CDK7 
inhibitor, is effective to treat HCC. THZ1 may lead to a 
considerable reduction in the phosphorylation status of the 
C-terminal domain of POLR2A, which partly explains its 
broad-based anti-proliferative activities and the possible 
mechanism of disturbing the global stability of mRNA. 
Furthermore, even with a small dose (50 nM), THZ1 
causes the progressive loss of the critical apoptosis regulator 
RUNX1 and other genes regulated by RUNX1, including 
TAL1 and GATA, which play an important role in leukemia 
progression (9). The inhibition of CDK7 by THZ1 
may inhibit the proliferation and progression of cancer 
cells by arresting the cell cycle at G2 phase, damaging 
the mitochondrion genes, and inhibiting the RTK/
phosphatidylinositol 3 kinase/mitogen-activated protein 

kinase axis (10). Combined with what was discussed above, 
THZ1 has the potential to prevent HCC progression 
and spread as a next generation, ATP-site and allosteric 
irreversible covalent CDK7 inhibitor to repress HCC 
proliferation and induce HCC cell apoptosis.

 In this study, we completed a systemic analysis of the 
relationship between CDK7 and the prognosis of multiple 
tumors, in particular, HCC. Extensively, the stable 
over-expression of CDK7 was observed in HCC, and it 
correlated to several clinicopathological features. Moreover, 
we confirmed that either the downregulation of CDK7 
expression or treating HCC cells with its inhibitor THZ1 
inhibited HCC cell proliferation. The potential role and 
mechanism of CDK7 were carefully analyzed and evaluated, 
suggesting a potential therapeutic target for THZ1.
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on cell proliferation with 200 nM THZ1 or DMSO in the Huh7 
cell lines (P=2.52×10−2). 
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Supplementary

Figure S1 Expression of CDK7 genes is related to the poor prognosis of diverse tumors upon PubMed database (HR =1.63, 95% CI =1.31–2.03,  
P<0.0001). 
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Figure S2 Comparing the efficacy of different sequence of 
shCDK7. SMMC-7721 cells transfected with the indicated 
plasmids were subjected to real-time PCR analysis for CDK7 
expression. ShCDK7 2 was the most effective one. ***, P<0.01.

Table S1 Summary of iClusters correlation with CDK7 expression

CDK7 
expression level

HCC patients (n=163)
Total

iCluster 1 iCluster 2 iCluster 3

Low 25 39 38 102

High 34 12 15 61

Total 59 51 53 163

Table S2 Summary of different expression analysis of CDK7 
using data from six subsets. The result of each subset shows CDK7 
expression is upregulated in cancer (P<0.05)

ID P value T value B value logFC GSE-ID

1 1.06×10
−50

 17.08 104.45 1.07 GSE14520_GPL3921

2 4.39×10
−6

5.29 3.82 0.99 GSE14520_GPL571

3 7.36×10
−3

2.82 −2.69 0.38 GSE41804

4 3.59×10
−5

4.36 1.59 0.58 GSE45267

5 2.24×10
−5

4.84 2.49 0.78 GSE60502

5 8.40×10
−7

5.52 5.56 0.79 GSE6764
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Figure S3 Comparing the proliferation rate between (A) the scrambled shRNA, (B) the shCDK7—transfected SMMC-7721 cells and (C) 
the positive control shPC from day 0 (left column) to day 2 (right column).


