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Abstract: Hepatocellular carcinoma (HCC) is the most frequent malignancy of the liver.
Transforming growth factor beta 1 (TGFB1) and marker of proliferation Ki-67 (MKI67) regu-
late cell proliferation, differentiation, and growth. The association between MKI167 and TGFB1
expression and its clinical implications in HCC remain unknown.

Methods: Public databases were used to analyze TGFB1 and MKI67 expression in different
pathologic grades/stages and tissue types of HCC. The association between MK167 and TGFB1
expression was explored using pathway analysis and in a HepG2 cell line treated with TGFBI1.
Survival analysis was performed to evaluate the prognostic value of TGFB1 and MKI67 expres-
sion in patients with hepatitis B virus (HBV)-related HCC.

Results: We identified that MKI67 expression was upregulated in liver cancer tissues. MKI167
and TGFBI1 expression levels were different in various stages and tissue types of liver cancer.
Furthermore, MKI67 expression was associated with TGFB1 expression in liver cancer tissues
and HepG?2 cells. Patients with HBV-related HCC and a higher level of MKI167 expression had
a worse prognosis. Moreover, a nomogram was conducted to predict the clinical outcomes of
patients with HBV-related HCC.

Conclusion: MKI67 expression level was associated with TGFB1 expression in liver cancer
tissues and a HepG2 cell line. MKI67 expression level can predict the clinical outcomes of
patients with HBV-related HCC.
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Introduction
Hepatocellular carcinoma (HCC) is the most frequent epithelial malignancy of the liver.
Approximately 782,500 new cases and 745,500 deaths occurred worldwide in 2012
because of primary liver cancer.! HCC most commonly develops in patients with chronic
liver disease, the etiology of which includes alcohol consumption, viral infection, metabolic
diseases, and aflatoxin. Despite new advances in cancer diagnosis and treatment, surgical
resection and liver transplantation are still the best options for HCC patients.? The 5-year
survival of HCC patients after resection ranges between 50% and 70% at early disease
stages, and the prognosis of HCC patients remains passive due to high postoperative recur-
rence rate and metastasis.>* Investigating the prognostic significance of available molecular
biomarkers and potential therapeutic targets for HCC patients is an effective approach.
Transforming growth factor beta 1 (TGFB1; 19q13.2) encodes a protein that regu-
lates cell proliferation, differentiation, and growth.’ Previous studies have demonstrated
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that TGFB1 orchestrates the progression of epithelial-mes-
enchymal transition (EMT)® and promotes fibrogenesis.”®
TGFB1 contributes to tumor progression to confer cell
survival, induce cell migration and invasion, and mediates
immune suppression and microenvironment modification,*!
indicating that TGFB1 expression is associated with HCC
pathogenesis and metastasis. Marker of proliferation Ki-67
(MKI67; located on 10g26.2) encodes a nuclear antigen dur-
ing the G1, S, and G2-M phases of proliferating cells.!! The
MKI67 labeling index has been found to correlate with tumor
growth rate,'? histologic stage,'* and tumor recurrence'* of
HCC. A higher MK167 labeling index confers a fast progres-
sion and poor prognosis for HCC patients." Recently, a study
reported that MKI67 expression was associated with TGFB1
expression in early pancreatic ductal adenocarcinoma.'¢
However, the relation of TGFB1 and MKI67 expression in
HCC remains unknown. In addition, hepatic B virus (HBV)-
related HCC is always accompanied with varying degrees of
cirrhosis. The relationship of MKI167 and TGFB1 expression
with the clinical outcomes of patients with HBV-related HCC
needs to be explored.

In this study, we have identified, using public databases,
that MKI167 expression was associated with TGFB1 in liver
cancer tissue and a cell line. Furthermore, MKI167 expression
was upregulated in tumor tissues. Moreover, MKI67 expres-
sion levels were associated with the clinical outcomes of HCC
patients, which were unaffected by TGFB1 expression. We
further conducted a prognostic model for patients with HBV-
related HCC. However, the underlying mechanism needs to
be clarified by functional analysis experiments.

Materials and methods

This study was approved by the Ethics Committee of the First
Affiliated Hospital of Guangxi Medical University (Guangxi,
China). Written informed consent was obtained from all
patients before collection of the specimens.

Profiling of gene expression data

The Cancer Genome Atlas (TCGA) database and Genotype-
Tissue Expression (GTEx) provide a resource-produced
mRNA expression in different tissues. Gene Expression
Profiling Interactive Analysis (GEPIA)" is a web server for
analyzing the RNA-Seq expression data from the TCGA and
GTEx projects. We explored the expression distribution and
correlation of TGFB1 and MKI67 in a body map and differ-
ent cancer tissues using GEPIA. In addition, we analyzed the
gene patterns in chromosomes. The gene positions are based
on GRCh38.p2 (NCBI). To detect the TGFB1 and MKI67

expression in different stages and types of liver cancer, we
used GEPIA and the UCSC Xena project,'® which has recom-
puted all raw expression data from TCGA. Survival analysis
was performed to evaluate the prognostic value of TGFBI1
and MKI67 expression in liver cancer patients via GEPIA.

Gene expression analysis in patients with

HBV-related HCC

We analyzed TGFB1 and MKI67 expression in cancer and
paracarcinoma tissues from patients of Zhongshan Hospi-
tal (Guangdong, China) with HBV-related HCC in Gene
Expression Omnibus (GEO) dataset (accession: GSE14520).
Expression profile data analysis was carried out on Affyme-
trix Gene Chip HG-U133A 2.0 arrays.”” TP53 and EGFR
mRNA levels were also analyzed. We analyzed the changes
in genomic profiles in Kyoto Encyclopedia of Genes and
Genomes pathway and gene ontology analysis using the
Gene Set Enrichment Analysis tool.?’ Survival analysis was
performed to assess the clinical outcomes of patients with
HBV-related HCC.

Analysis of gene expression in tissues and

cells

TGFBI1 and MKI67 expression levels were analyzed in dif-
ferent liver tissues from GEO dataset (accession: GSE25097),
which enrolled samples from 268 HCC tumors, 243 adjacent
nontumor tissue samples, 40 cirrhotic, and 6 healthy liver
samples. Gene expression profiles data were extracted using
Rosetta/Merck Human RSTA Affymetrix 1.0 microarray.!
The relationship of TGFB1 and MKI67 mRNA levels with
DNA copy number in different liver cancer cell lines was
analyzed in Cancer Cell Line Encyclopedia project. Gene
mRNA expression data were extracted using Affymetrix
U133+2 arrays. The TGFB1 and MKI67 expression in cell
sites and immunohistochemistry (IHC) staining analysis in
liver cancer tissue were obtained from the Human Protein
Atlas project. In GEO dataset (accession: GSE45945),%
gene expression profiles were compared using the Human
Gene 1.0 ST arrays (Affymetrix, Thermo Fisher Scientific,
Waltham, MA, USA) in HepG2 cells upon stimulation with
1 ng/mL TGFBI1 for 20 min, 1 h, 2 h, 4 h, and 24 h, with
untreated cells as controls. HepG2 cells were obtained from
DSMZ (Braunschweig, Germany) and cell identity confirmed
by Short Tandem Repeat profiling using the AmpFISTR
Identfiler Direct PCR Amplification kit (Thermo Fisher
Scientific, Waltham, MA, USA). Experiments at indicated
time points after stimulation with TGFB1 (1 ng/mL) and the
control group were done in three independent replicates. We
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identified the change and correlation of TGFB1, MKI67,
TP53, and EGFR mRNA levels at different time points. We
detected the possible pathway and gene interactions of the
four genes using the GeneMANIA tool.

Prognostic nomogram constructed using
MKI67 expression in patients with HBV-
related HCC

To construct nomograms, we enrolled two HBV-related HCC
cohorts from the Zhongshan Hospital (GSE14520, n=212
patients) and the First Affiliated Hospital of Guangxi Medical
University (n=195 patients). The expression of MKI67 was
detected using chip and IHC staining, respectively. The cutoff
value was set at the median. The clinicopathologic character-
istics were as listed in previous studies.?*?* After examination
and transformation of variables evaluated in a Cox propor-
tional hazards regression model, variables including age,
gender, MKI67 expression, cirrhosis, and Barcelona Clinic
Liver Cancer (BCLC) stage were selected for a prognostic
model. A nomogram was formulated based on the results of
Cox regression analysis and by using the package “rms”?
in R 3.3.2 (R Foundation for Statistical Computing, Vienna,
Austria).? The performance of the nomogram was measured
by concordance index (C-index). A larger C-index indicated
more accurate prognostic stratification. Calibration of the
nomogram for 1-, 3-, and 5-year overall survival (OS) and
recurrence-free survival (RFS) was performed by comparing
the means of predicted survival with those of actual survival
with observed Kaplan—Meier estimates after the grouping
of the nomogram predicted survival probability. Bootstraps
with two cohort resamples were applied to these activities.
Data were integrated and processed as in previous studies.?”?

Statistical analysis

In this study, differences in mRNA expression of genes
between HCC and adjacent normal tissues were verified by
Student’s ¢-test. Intergroup differences were compared using
the one-way analysis of variance test for multiple types of
tissue. If the analysis of variance test was significant, the
p-value for pairwise comparisons was computed with the
Least Significant Difference-¢ Student’s test. The correlation
of gene expression was analyzed by Pearson’s correlation
coefficient. The Kaplan—Meier survival analysis was used
to calculate survival percentages, and differences in survival
percentages were estimated using a generalized log-rank
test. The receiver operating characteristic (ROC) curve was
drawn to identify the diagnostic significance of MKI67 in
GEO dataset. The standards of diagnosis for assessing the

area under the curve in ROC were as follows: 0.5-0.7 (poor
evidence), 0.7-0.9 (moderate evidence), and 0.9—1.0 (high
evidence). Stratified analysis for MKI67 was performed to
evaluate the relative hazard ratios on the prognosis of HCC
patients. All statistical analyses were two-sided and were
performed using SPSS version 17.0 (SPSS Inc., Chicago,
IL, USA). A p-value of <0.05 was considered statistically
significant. The survival curves and correlation plots were
depicted by GraphPad Prism 5.01 (GraphPad Software, Inc.,
San Diego, CA, USA) and R 3.3.2, respectively.

Results
TGFBI1 and MKI67 expression of liver
cancer in TCGA analyzed via GEPIA

Compared to normal liver tissue, MKI67 mRNA level was
upregulated in liver cancer, but the difference in TGFBI1
expression was not obvious (Figure 1A, B). We analyzed the
chromosomal distribution of differentially expressed genes
in liver cancer (Figure S1). Genes with similar expression
patterns were clustered with high density along chromosome
19, where TGFB is located. In addition, we analyzed TGFB1
and MKI67 mRNA levels across different tumor samples
paired with normal tissues (Figure 1C, D). There was no
significant difference in TGFB1 expression between tumor
and nontumor matched GTEx normal tissues (Figure S2).

The association between TGFBI and
MKI67 expression and clinical outcomes
in HCC patients in TCGA

We also evaluated the association between TGFB1 and MKI67
mRNA levels and OS and RFS in HCC patients using the
GEPIA database. Gene mRNA levels above or below the cutoff
values of the median divided the samples into high-expression
and low-expression groups, respectively. We found that MK167
mRNA levels were associated with OS (p=4.5x107*, Figure 2A)
and RFS (p=4.2x1075, Figure 2B) of liver cancer patients. High
MKI67 expression was an unfavorable predictor to the clinical
outcomes of patients. However, no significant difference was
found between TGFB1 mRNA levels and clinical outcomes of
liver cancer patients. The correlation analysis showed that the
TGFB1 and MKI67 mRNA levels were positively associated
with GTEx normal tissue (#=0.29, p=2.3x107*; Figure 2C)
and TCGA liver cancer tissue (r=0.2, p=1.3x107*; Figure 2D).
We performed survival analysis using MKI67 mRNA levels
normalized by TGFB1 expression. The results suggested that
MKI67 expression was associated with the clinical outcomes
of liver cancer patients (Figure 2E, F).
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Figure | MKI67 and TGFBI mRNA expression levels distributed in bodymap and chromosomes and differences in cancer tissues.

Notes: (A, B) The median expression of MKI67 and TGFBI distributed in tumors (red) and normal tissues (green) in bodymap. (C, D) The gene expression profile across
all tumor samples and paired normal tissues. The height of the bar represents the median expression of tumors (red) or normal tissues (black).

Abbreviations: LIHC, liver hepatocellular carcinoma; TPM, transcripts per kilobase million.
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Figure 2 The relationship of MKI67 expression levels with TGFBI expression and clinical outcomes of patients in the LIHC and GTEXx liver dataset analyzed in GEPIA.
Notes: (A, B) The survival analysis of MKI67 expression level with overall survival and disease-free survival of liver cancer patients. The dotted line was estimated by the
95% Cl. (C, D) The correlation of MKI67 and TGFBI| expression in the GTEx liver dataset and LIHC tumor tissues analyzed by Pearson’s correlation coefficient. (E, F) The
survival analysis of MKI67 expression level normalized by TGFBI expression with overall survival and disease-free survival of liver cancer patients.

Abbreviations: GEPIA, Gene Expression Profiling Interactive Analysis; GTEx, Genotype-Tissue expression; HR, hazard ratio; LIHC, liver hepatocellular carcinoma; TPM,

transcripts per kilobase million.
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The expression and clinical implication of
TGFBI| and MKI67 in patients with HBV-
related HCC

The results of Gene Set Enrichment Analysis suggested that
the gene expression profiles of HCC tissues were upregu-
lated in the cell cycle in Kyoto Encyclopedia of Genes and
Genomes pathway analysis, and the cell division and cell
cycle checkpoint in gene ontology analysis (Figure S3).
MKI67 expression of tumor tissues was higher than of paired
normal liver tissues (Figure 3A). Setting the cutoff value as
the median, survival analysis showed MKI67 mRNA levels
were associated with the OS of patients with HBV-related
HCC (p=0.030, Figure 3B). Although the relationship
between MKI167 expression and RFS of patients with HBV-
related HCC did not reach statistical significance (p=0.142,
Figure 3C), it was significantly associated with shorter RFS.
Patients with high MKI67 mRNA level had a worse 60-month
RFS (p=0.023, Figure 3D). The stratified result suggests that
high MKI67 expression of HCC patients has a higher risk in
clinical outcomes as to some favorable characteristics and
stages, such as single nodule and BCLC 0-A (Table S1). The
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ROC analysis showed the prognosis value of MKI167 expres-
sion level in HCC tissues was high evidence (Figure S4).
However, no significant difference in TGFB1 expression was
found between tumor and paired normal liver tissues, and
no statistical association was found in TGFB1 expression
and clinical outcomes for patients with HBV-related HCC.

The differential expression of TGFBI| and

MKI67 in tissues and cells

Using the Xena analysis tool, we compared TGFB1 and
MKI67 mRNA levels in different stages and types of liver
cancer. It appeared that there was higher expression of MKI67
and TGFB1 mRNA in high histologic grades of liver cancer
(Figure S5). Moreover, MKI67 and TGFB1 mRNA levels
were relatively lower in HCC tissues than in fibrolamellar
carcinoma and hepatocholangiocarcinoma (Figure S5). We
further analyzed MKI67 and TGFB1 expression of differ-
ent liver tissue types and identified that MKI67 expression
was upregulated in tumor tissue, whereas the expression of
TGFBI in cirrhotic tissue was high (Figure 4A). From our
conclusion of the results above, we further speculated that
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Figure 3 The expression of MKI67, TGFBI, TP53, and EGFR in tumor and nontumor tissues and the survival analysis of MKI67 expression with overall survival and
recurrence-free survival time of patients with HBV-related HCC were analyzed in GEO dataset (GEO accession: GSE14520).

Notes: (A) The expression of MKI67, TGFBI, TP53, and EGFR in HCC tissues. (B) The survival analysis of MKI67 expression with overall survival in patients with HBV-
related HCC. (C) The survival analysis of MKI67 expression with recurrence-free survival in patients with HBV-related HCC. (D) The survival analysis of MKI67 expression

with 60-month recurrence-free survival in patients with HBV-related HCC.

Abbreviations: GEO, Gene Expression Omnibus; HBV, hepatic B virus; HCC, hepatocellular carcinoma.
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Notes: (A) The MKI67 and TGFBI expression levels in different types of liver tissue were analyzed in GEO dataset (GEO accession: GSE25097). The values below the graph
were calculated using an LSD-t test after a one-way ANOVA. (B) Model graphic of MKI67 and TGFBI distributed in cell components. (C) Immunohistochemistry staining
of MKI67 and TGFBI in liver cancer tissue. (D) Dynamically changing gene expression in HepG2 cells upon stimulation with | ng/mL TGFBI over time. (E) Pathway analysis
of MKI167, TGFBI, TP53, and EGFR in GeneMANIA. (F) Correlation analysis of gene expression in HepG2 cells upon stimulation with | ng/mL TGFBI. *represents p<0.05;

*represents p<0.01.

Abbreviations: ANOVA, analysis of variance; GEO, Gene Expression Omnibus; LSD, Least Significant Difference; NA, not available.
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MKI167 and TGFB1 mRNA levels were tissue specific. Based
on the results of the Cancer Cell Line Encyclopedia project,
we did not find a copy number variation of MKI67 and
TGFBI1 expression in HepG2 cell line (Figure S6). We fur-
ther explored the cell sites of MKI67 and TGFB1 expression
in the Human Protein Atlas website; the MKI67 protein
was detected in the nucleus, nucleoli, and nuclear bodies,
whereas TGFB1 was detected in the cytosol (Figure 4B). In
liver cancer tissues, the IHC analysis of TGFB1 and MKI67
proteins showed that the positive staining of TGFB1 appeared
as brown particles in the cytosol, whereas the MKI167 protein
staining was nuclear (Figure 4C).

Changes in gene mRNA level in TGFBI -
treated HepG2 cells

HepG?2 cells were treated with TGFB1 along a time course
and the gene mRNA levels were detected. We identified a
change in TGFB1, MKI67, TP53, and EGFR expression
over time. EGFR expression increased steadily in HepG2
cells after being stimulated by TGFB1. However, MKI167 and
TP53 were downregulated to different degrees (Figure 4D).
In particular, TGFB1 mRNA levels first increased and then
decreased in treated HepG2 cells. In patients with HBV-
related HCC, MKI67 and TP53 were overexpressed in
tumors, whereas EGFR expression was high in nontumor tis-
sue samples, but there was no significant difference in TGFB1
expression level among the tissue samples (Figure 3A). Gene
interaction analysis via GeneM ANIA showed that there were
direct or indirect interactions among TGFB1, MK167, TP53,
and EGFR (Figure 4E). The results of correlation analysis
indicated that TGFB1 and EGFR expression had a positive
relationship (r=0.55, p<0.05; Figure 4F) and MKI67 mRNA
had a positive relationship with TP53 (»=0.86, p<0.01;
Figure 4F), but the relationship with EGFR was negative
(r=0.70, p<0.01; Figure 4F).

Predictive nomograms using MKI67

expression levels in clinical outcomes of
patients with HBV-related HCC

Independent factors, including age, gender, MKI167 expres-
sion, cirrhosis, and BCLC stage, were integrated into the
prognostic nomogram to predict the clinical outcomes of
patients with HBV-related HCC. In the cohort of Zhongshan
Hospital, we performed nomogram analysis for postoperative
1-, 3-, and 5-year OS and RFS of patients with HBV-related
HCCusing MKI67 mRNA levels (Figure 5A, B). The C-index
for OS and RFS was 0.714 (95% CI: 0.655-0.773) and 0.674
(95% CI: 0.626-0.722), respectively. In the cohort of the

First Affiliated Hospital of Guangxi Medical University, a
prognostic nomogram was performed using MKI67 THC
staining for postoperative patients with HBV-related HCC
(Figure 5C, D). The C-index for OS and RFS was 0.719 (95%
CI: 0.645-0.793) and 0.577 (95% CI: 0.517—-0.637), respec-
tively. The calibration plot for the probability of survival at
1, 3, and 5 years after surgery showed an optimal agreement
between the prediction by nomogram and the actual obser-
vation using MKI67 mRNA levels in the Zhongshan cohort
(Figure 6A, B). However, there was a large bias between the
predictive value and the actual value in the Guangxi cohort
when using MKI167 IHC staining (Figure 6C, D). Moreover,
a S5-year RFS nomogram could not be performed for the
Guangxi cohort due to the number of samples.

Discussion

In this study, we identified that genes associated with the
cell cycle and division were upregulated in liver cancer tis-
sue. Furthermore, MKI67 expression was associated with
TGFBI1 expression in liver cancer tissues and a HepG2 cell
line. Higher MKI67 expression level in patients with HBV-
related HCC resulted in a worse OS and RFS. Moreover,
MKI67 expression combined with cirrhosis and BCLC
stages can predict the clinical outcomes of patients with
HBV-related HCC.

TGF-P signaling in cancer is controversial because it not
only acts as a tumor suppressor regulating cell proliferation,
but also as a tumor promoter by being a potent inducer of the
EMT with a consequent effect on tumoral dissemination.”
Early in the process of carcinogenesis, TGFB1 suppresses
tumors and arrests cell growth;* in later and advanced
tumor stages, TGFB1 potentiates EMT, angiogenesis, tumor
progression, invasion, and metastasis.>'*> The switch from
tumor suppression to promotion is not well understood, but
intrinsic and extrinsic factors seem to play important roles.
The role of TGFBI1 in the progression of chronic liver dam-
age, in which it stimulates fibrogenesis through activation of
hepatic stellate cells, and the subsequent progression toward
HCC are widely recognized.?*-**

TGF-B is a well-known signaling pathway promoting
EMT. Previous studies have shown that EMT can induce
resistance to EGFR-targeted therapy in HCC cell lines,* and
mesenchymal-type HCC cells have increased resistance to
sorafenib.’**” A study had demonstrated that higher TGFB1
expression levels were associated with poorer sensitivity to
sorafenib in preclinical models of HCC.?® High pretreatment
serum TGFB1 levels were associated with poor prognoses and
increased serum TGFB1 levels were associated with disease
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Figure 5 Postoperative prognostic nomogram for patients with HBV-related HCC in (A, B) Zhongshan and (C, D) Guangxi cohorts.
Abbreviations: BCLC, Barcelona Clinic Liver Cancer; HBV hepatic B virus; HCC, hepatocellular carcinoma; OS, overall survival; RFS, recurrence-free survival.
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Abbreviations: OS, overall survival; RFS, recurrence-free survival.

progression in patients with advanced HCC. Our result indi-
cated that EGFR expression was upregulated in HCC cells
when they were treated with TGFB1. Furthermore, TCGA
data showed that TGFB1 expression increases in patients
with advanced liver cancer, which indicates the possibility
of metastasis and a worse prognosis.

TGFBI1 expression levels were not associated with the
clinical outcomes of liver cancer patients in TCGA data when
using GEPIA tools. However, a recent study showed HCC
patients who harbored high TGFB1 expression levels had a
shorter OS, but not RFS.3* This may suggest that the prog-
nostic value of TGFB1 was tissue specific. In contrast, Dituri
et al* identified that TGFB1 was not related to either the
BCLC stages or the clinical outcomes of HCC patients. These
inconsistent results suggest that some confounding factors
may contribute to the contradictory effect on the prognostic

value of TGFBI. In our results, TGFB1 expression level
was upregulated in cirrhosis tissue, but not in tumor tissues.

In humans, the development of HCC is associated with
chronic liver inflammation, fibrosis, and its subsequent
irreversible cirrhosis.*! Exposures to chronic hepatitis virus
infection induce liver injury and result in sustained cycles
of necrosis, inflammation, and proliferation of hepatocytes.
In the conditions associated with HBV, repeated episodes of
liver cell destruction and regeneration consequently foster
an environment culminating in fibrosis and cirrhosis. Some
types of self-modified cells in a microenvironment may
contribute to changes in HCC cancer stem cell properties.
HBY can inhibit TGFB1-induced apoptosis of HepG2 cells
and promote tumor growth in BALB/c nude mice through
upregulating the expression of Smad7 (a TGF-B pathway
inhibitory factor).*?
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In this study, when HepG2 cells were stimulated with 1
ng/mL TGFB1 over different times, TGFB1 expression lev-
els increased, but were later inhibited. Furthermore, MKI67
expression levels in HCC cells continued to decline upon
stimulation. These findings are in accordance with recent
studies indicating that HepG2 cell proliferation and viability
are affected by the dose and treatment time of TGFB1.44
Evaluation of TGFB1 and MKI67 expression on the Human
Protein Atlas website indicated that TGFB1 and MKI67
were expressed in different components of the cell. There
was a weak positive correlation between MKI67 expres-
sion levels and TGFB1 in normal liver and cancer tissues.
Pathway prediction analysis showed that TGFBI indirectly
interacted with MKI67. There was a positive relationship
between MKI67 expression and TP53 expression in liver
cancer cells. However, further experiments are needed to
clarify the underlying mechanism of the pathways associated
with TGFBI and MKI67.

Although TGFBI1 expression was associated with the
clinical outcomes of HCC patients, the prognostic value
of TGFBI1 expression level in patients with HBV-related
HCC remains uncertain due to the controversial behavior
of TGFB1 and the various etiologic factors detected by
the above results. However, MKI167 expression levels were
associated with the prognosis of liver cancer patients. After
mRNA expression normalized using TGFB1, MKI67 expres-
sion level also can predict the clinical outcomes of patients
and be used to distinguish tumor component from tissues.
Furthermore, MKI67 expression combined with cirrhosis
and BCLC stage can predict the clinical outcomes of patients
with HBV-related HCC.

Several limitations in this study warrant discussion. First,
the results are based on the data from public databases and
require further studies (clinical, in vivo, and in vitro) to be
validated. In addition, TGFBI1 has different transcriptions in
GSE14520; therefore, we could not normalize MKI67 expres-
sion levels exactly in HBV-related HCC tissues. Finally, our
research is preliminary and our sample size is limited; there-
fore, additional studies with larger sample sizes and multiple
centers are needed to conduct a validation nomogram and
clarify our results.

Conclusion

MKI67 expression level was associated with TGFB1 expres-
sion in liver cancer tissues and a HepG2 cell line. Higher
levels of MKI67 expression in patients with HBV-related
HCC resulted in a worse OS and RFS. Furthermore, MKI167
expression combined with cirrhosis and BCLC stages could

predict the clinical outcomes of patients with HBV-related
HCC.
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Supplementary materials

Table S| Stratified analysis on MKI67 expression level with outcomes in HBV-related HCC patients in Zhongshan cohort

Variables oS p-value RFS p-value 5-year RFS p-value
HR 95% ClI HR 95% ClI HR 95% ClI
Gender Male 1.53 0.97-2.43 0.071 1.30 0.89-1.91 0.176 1.57 1.07-2.31 0.021
Female 221 0.53-9.25 0.279 211 0.59-7.50 0.249 2.19 0.61-7.84 0.227
Age <50 years 1.57 0.86-2.94 0.143 1.27 0.75-2.16 0.379 1.57 0.92-2.68 0.097
>50 years 1.59 0.85-2.97 0.146 1.52 0.92-2.51 0.106 1.62 0.98-2.69 0.060
Cirrhosis Yes 1.58 1.01-2.46 0.045 1.38 0.95-2.01 0.089 1.51 1.04-2.19 0.032
None 1.64 0.10-26.35 0.726 1.07 0.18-6.40 0.943 2.78 0.46-16.92  0.267
Main tumor size <5 cm 1.49 0.83-2.65 0.179 1.43 0.90-2.26 0.127 1.75 1.10-2.77 0.018
>5 cm 1.52 0.77-3.00 0.232 1.20 0.66-2.21 0.551 1.27 0.69-2.34 0.444
Multinodular None 2.04 1.21-3.45 0.008 1.54 1.02-2.33 0.042 1.76 1.16-2.67 0.008
Yes 0.71 0.31-1.61 0.408 0.83 0.39-1.80 0.642 1.06 0.49-2.30 0.879
Serum AFP <300 ng/mL 2.57 1.33-4.96 0.005 1.83 1.10-3.02 0.019 2.38 1.43-3.97 0.001
>300 ng/mL 0.93 0.51-1.69 0.804 0.90 0.53-1.54 0.705 1.01 0.59-1.73 0.968
BCLC stage 0-A 1.77 1.01-3.10 0.048 1.38 0.89-2.13 0.155 1.73 1.11-2.68 0.015
B-C 1.08 0.54-2.17 0.829 I.11 0.57-2.14 0.763 I.11 0.57-2.14 0.763

Notes: Bold items represent p<0.05.

Abbreviations: AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HR, hazard ratio; OS, overall survival;
RFS, recurrence-free survival.

The differentially expressed genes on chromosomes
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y

Overexpressed genes

Underexpressed genes

The gene positions are based on GRCh38.p2(NCBI).2207 genes

Figure S| Differentially expressed genes in the LIHC dataset distributed in chromosomes were analyzed by ANOVA.
Abbreviations: ANOVA, analysis of variance; LIHC, liver hepatocellular carcinoma.
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Figure S2 The relation between MKI67 and TGFBI mRNA expression with tumor stages and tissue types of LIHC patients.

Notes: (A) The normal tissue was matched with TCGA normal and GTEx data. *represents p<0.05. (B, C) Comparison of the total difference of mMRNA expression in
different stages using one-way ANOVA.

Abbreviations: GTEx, Genotype-tissue expression; LIHC, Liver hepatocellular carcinoma; TCGA, The Cancer Genome Atlas.
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Notes: (A) The GSEA for cell cycle in KEGG pathway. (B, C) The GSEA for cell division and cell cycle checkpoint in GO terms.
Abbreviations: GO, gene ontology; GSEA, Gene Set Enrichment Analysis; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure S5 The relationship between MKI67 and TGFBI| expression with neoplasm grade and type in a TCGA liver cancer dataset was analyzed with the Xena tool.

Notes: (A, B) The relationship between MKI167 expression and neoplasm histologic grade and type in liver cancer. (C, D) The relationship between TGFBI expression and
neoplasm histologic grade and type in liver cancer.
Abbreviations: LIHC, liver hepatocellular carcinoma; TCGA, The Cancer Genome Atlas.
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Figure S6 The relationship between MKI67 and TGFBI mRNA expression levels with DNA copy number in cancer cell lines was analyzed using the CCLE website. The
highlighted dots in brown and green color are liver cancer cell lines.

Notes: (A) The relationship between MKI67 mRNA expression level and DNA CN in cancer cell lines. (B) The relationship between TGFBI mRNA expression level and
DNA CN in cancer cell lines.

Abbreviations: CCLE, Cancer Cell Line Encyclopedia; CN, copy number.
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