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Background: Transforming growth factor-beta (TGF-b) signaling is essential in
initialization and progression of hepatocellular carcinoma (HCC). Therefore, a treatment
targeting TGF-b pathway may be a promising option for HCC control.

Methods: First, publicly available RNA-seq datasets and clinical characteristics of 374 HCC
patients in The Cancer Genome Atlas (TCGA) database were downloaded. Then, Cox
regression analysis and LASSO analysis were used to construct a prognostic model for
TGF-b family genes. The area under the curve (AUC) of the risk signature was calculated to
evaluate the predictive power of the model. Cox regression analysis was applied to predict
whether TGF-b1 can be an independent prognosis factor for HCC. Next, hazard ratio and
survival analyses were performed to investigate the correlation between TGF-b1 expression
and survival time. Furthermore, differential expression level of TGF-b1 in HCC tissues and
cells was determined. In addition, Gene Set Enrichment Analysis (GSEA) identified the top
significantly activated and inhibited signal pathways related to high expression of TGF-b1.
Finally, the CIBERSORT tool was adopted to correlate the tumor-infiltrating immune cells
(TICs) with TGF-b1 expression in HCC cohorts.

Results: Cox regression analysis and LASSO analysis revealed that seven TGF-b family
members (including TGF-b1) could be used as prognostic factors for HCC. Interestingly,
TGF-b1 was demonstrated to be an independent prognostic factor of HCC. RT-qPCR
and immunofluorescence staining confirmed the high expression of TGF-b1 in HCC cell
lines and tissues, which is significantly related to pathological classifications, poor
prognosis, and short survival time. Finally, GSEA and CIBERSORT analyses suggested
that TGF-b1 may interact with various immune cells and influence the prognosis of HCC
patients through Tregs and gd T cells.

Conclusion: We established a novel prognostic prediction method to predict the risk
scores of TGF-b genes in HCC prognosis. TGF-b1 is highly expressed in HCC cell lines
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and tissues, correlates to poor prognosis, and thus can be used as a potential biomarker
to predict HCC prognosis. We showed that TGF-b1 may play its roles in HCC prognosis
by modulating the immunemicroenvironment of tumor cells. Our data may shedmore light
on better understanding the role of TGF-b1 in HCC prognosis.
Keywords: hepatocellular carcinoma, TGF-b1, tumor-infiltrating immune cells (TICs), prognosis, survival
INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
and lethal cancers worldwide, especially in developing countries
(1). Despite the development of multi-modal and advanced
therapeutics, including surgical approaches and systemic drug
treatment, the overall survival of HCC patients remains rather
poor (2). Attributed to the in-depth study of the tumor
microenvironment (TME), immunotherapy has become a
promising treatment for HCC patients (3, 4). However, the
complexity of TME highlights the presence of multiple non-
redundant mechanisms of cancer immune-suppression, which is
recognized as a critical barrier against immunotherapy (5).
Consequently, identification of fundamental target genes and
signal pathways related to immunotherapy in HCC is imperative
for developing novel HCC therapeutic agents.

Transforming growth factor beta (TGF-b) is a family of
cytokines and growth factors encoded by 32 genes, which can
be divided into two groups, represented by TGF-bs and bone
morphogenic proteins (BMPs) (6). TGF-b, the prototypical
member of the TGF-b family, consists of three isoforms in
mammals (TGF-b1, b2, and b3), among which TGF-b1 is the
most abundant and well-studied family member (7). TGF-b and
the TGF-b signal pathway, in orchestration with many other
important genes and pathways, play central roles in various
cancer initialization, progression, and treatment (8). First, TGF-
b expression is significantly increased through cancer
progression, which is often correlated to a poor prognosis (9).
TGF-b signaling is involved in all the stages of liver disease
progression from initial liver injury to development of HCC (10).
Then, TGF-b can drive changes in immune cells to induce a
strong immune-suppressive milieu (11). Meanwhile, TGF-bmay
trigger the signals in a paracrine manner to promote tumor
progression in the TME (12, 13).

As a highly complicated system, the TME is composed of
various cell types and molecules, including tumor cells,
infiltrating immune cells, cancer-associated stromal cells,
endothelial cells, and lipocytes, along with some extracellular
matrix (ECM) and multiple signaling molecules (14, 15). The
tumor immune microenvironment (TIME) is a novel concept
that is closely related to the clinical prognosis of patients with
tumors (16). The proportions of immunosuppressive cells such
as M2-type macrophages, regulatory T (Treg) cells, and myeloid-
derived suppressor cells (MDSCs), which are modified by CAFs
(cancer-associated fibroblasts), have been shown to be
significantly increased in the TIME, thereby contributing to
tumor immune suppression (17–19). Accumulating evidence
2

has shown that TGF-b signaling is involved in the regulation
of immunosuppressive microenvironment (6, 20, 21).

In the present study, using various bioinformatic approaches,
RT-qPCR and immunofluorescence staining techniques, we
analyzed the correlation between TGF-b gene family and HCC
progression, with the focus on TGF-b1. We aim to explore the
possibility of utilizing TGF-b1 as a potential marker for
immunotherapy and prognostic evaluation of HCC. Finally, we
found that TGF-b1 is abnormally highly expressed and related to
immune cells in HCC samples, which may provide new insights
for early diagnosis and immunotherapy of HCC.
MATERIALS AND METHODS

Extraction of HCC RNA-seq Data
from TCGA
RNA-seq FPKM (Fragments Per Kilobase of transcript per
Million mapped reads) datasets of 374 HCC patients including
50 para-cancerous samples, and the clinical information were
downloaded from The Cancer Genome Atlas Liver
Hepatocellular Carcinoma (TCGA-LIHC, www.portal.gdc.
cancer.gov).

Bioinformatic Tools Used in This Study
R package was installed through Rstudio (version 4.12). The
following packages or software were used for downstream
analyses: beeswarm (v 0.4.0), CIBERSORT (v 1.03), corrplot (v
0.92), e1071 (v 1.7-9), forestplot (v 2.0.1), ggplot (v 2.3.3.3),
ggpubr (v 0.4.0), ggextra (v 0.9), glmnet (v 3.6.2), GSEA (v 4.10),
limma (v 3.48.3), Parallel (stage 4), Preprocesscore (v 1.54.0),
survival (v 3.2-13), survminer (v 0.4.9), tidyverse (v 1.3.1.),
timeROC (v 0.4), and vioplot (v 0.3.7).

Construction of the Prognostic Model for
TGF-b-Related Genes
Thirty-two TGF-b-related genes were selected according to the
previous studies (22–24). Expression data of the 32 genes were
extracted and correlated with the survival information.
Univariate Cox regression analyses were performed based on
the pre-processed data. Hazard ratio (HR) was computed using
the survival, survminer, and forestplot packages. To avoid
overfitting of the model, least absolute shrinkage and selection
operator (LASSO) regression was applied to reduce model
dimension, and the optimal lambda values were computed for
each significant gene.
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Validation of the Prognostic Model for
TGF-b-Related Genes
Risk value was calculated for each HCC patient based on the
coefficient using the following formula:

RiskScore =o
n

i=1
coef (gene)* exp (gene)

Taking the median of the risk value as a cutoff, the HCC
patients were divided into high- and low-risk groups for risk
score calculation and survival analysis. Receiver operating
characteristic (ROC) curves for 1-, 3-, and 5-year survival time
were plotted, with the area under curve (AUC) calculated to
illustrate the prognostic capability of TGF-b related genes in
HCC progression.

GSEA, GO, and Immune Infiltration
Analysis Based on TGF-b1 Expression
Based on the TGF-b1 expression of the HCC patients, we
performed differential expression analysis, survival analysis,
clinical association analysis, and prognosis analysis using
multiple R packages. First, GSEA (Gene Set Enrichment
Analysis) was carried out against KEGG (Kyoto Encyclopedia
of Genes and Genomes) database to analyze the differential
activation of signal pathways between TGF-b1 high cohort and
TGF-b1 low group. NES (normalized enrichment score) >2, and
p-value and adjusted p-value < 0.01 were considered as
significant. Similarly, Gene Ontology (GO) enrichment was
performed to compare the difference in biological processes,
cellular components, and molecular functions between the two
groups. |log2FoldChange| > 1 and p < 0.05 were considered as
significant. Then, immune infiltration analysis was conducted
using CIBERSORT to compute the percentage of the 22 types of
immune cells in each HCC sample and correlated to its TGF-
b1 expression.

Cell Culture
Human fetal hepatocyte cell line LO2 and liver HCC cell lines
(HepG2 and Huh7) were purchased from Cell Bank of Chinese
Academy of Sciences and tested to be mycoplasma negative
(LookOut® Mycoplasma PCR Detection Kit, Cat. No.: MP0035,
Sigma-Aldrich) prior to this study. After identity confirmation
using Goldeneye™ 20A STR complex Amplification Kit
(Goldeneye Ltd, Beijing, China), the cells were grown to
approximate 80% confluence in Dulbecco’s modified Eagle’s
medium with high glucose (HyClone) supplemented with 10%
fetal bovine serum (FBS) (Gibco) and 1% penicillin and
streptomycin at 37°C and 5% CO2.

Tissues from HCC Patients
Eighteen pairs of HCC and adjacent para-cancerous tissues were
collected from patients with their consent at the Department of
Hepatobiliary Surgery, the First Affiliated Hospital of China
Medical University between May 2018 and April 2019. The
sample collection was approved by the research ethics
committee of First Affiliated Hospital of China Medical
University. All collected samples were immediately frozen in
Frontiers in Oncology | www.frontiersin.org 3
liquid nitrogen and transferred to a −80° freezer until
further analyses.

RNA Extraction and RT-qPCR
Total RNAs from fifteen pairs of frozen tissues and three cell
lines were extracted using TRIzol reagent (Invitrogen), followed
by cDNA synthesis using the PrimeScript RT Reagent Kit
(TaKaRa). The SYBR Prime Script RT-PCR kit (TaKaRa) was
used for RT-qPCR according to the manufacturer’s protocol. The
relative expression was calculated using the DDCt method. b-
ACTIN served as an internal control. The following two pairs of
primer sets are used: TGFB1-F, 5’-CAAGCAGAGTACACAC
AGCAT-3’ and TGFB1-R, 5’-TGCTCCACTTTTAACTTG
AGCC-3’; ACTB-F, 5’-ATGTGGCCGAGGACTTTGATT-3’
and ACTB-R, 5’-AGTGGGGTGGCTTTTAGGATG-3’.

Immunofluorescence Staining
Each specimen was fixed with 10% formalin, dehydrated, and
embedded in paraffin. Paraffin section was 4 mm thick on glass
slide. Firstly, the sections were permeabilized with 100 ml of 0.5%
Triton X-100 at room temperature for 10–15 min. Then, sections
were washed three times with PBS (phosphate-buffered saline).
Second, the sections were washed once with 1% BSA, followed by
blocking with 5% BSA. Then, the sections were incubated with
primary antibody against TGF-b1 (1:100; proteintech, #21898-1-
AP) at 4°C overnight. Next, the sections were washed three times
with PBS in a shaker, each time for 5 min. Subsequently, a
secondary goat anti-rabbit antibody (1:100, proteintech,
#SA00013-2) was applied to the slides at room temperature for
2 h, followed by washing three times with PBS in a shaker, each
time for 5 min. Furthermore, nuclei was counter-stained using
DAPI (1:1000) for 10 min, followed by washing three times with
PBS in a shaker, each time for 5 min. Finally, the sections were
subjected to image acquisition at confocal microscopy
(Nikon, A1R).

Statistical Analyses
The charts, forest plots, and calibration plots were visualized and
statistically analyzed using SPSS (version 22.0) and R (4.12).
Univariate Cox regression analysis, LASSO regression analysis,
and Spearman correlation coefficient were used to calculate the
risk scores for the selected TGF-b genes, as the independent
prognosis factors for HCC. Survival curves were generated using
the Kaplan–Meier method. Univariate and multi-variant Cox
regression analyses were adopted to predict the correlation
between the selected gene and survival prognosis. Statistical
differences were computed by independent t test between two
groups. p < 0.05 was considered statistically significant.
RESULTS

TGF-b Family Genes as Prognostic Factors
for HCC Progression
First, detailed clinical and follow-up information (gender, age,
histological grade, pathologic stage, TNM stage, and
April 2022 | Volume 12 | Article 861601
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prognosis) of the 374 HCC samples were downloaded from the
TCGA platform and compiled in Supplementary Table 1.
Higher grade (1-4) or higher stage (1-4) indicates more
malignant. TNM stands for tumor node metastasis, where T
(T1-T4) implies tumor size, N suggests the existence,
local izat ion, and number of lymph node, while M
means metastasis.

Next, to understand the risk signature of 32 TGF-b related
genes in HCC progression, we analyzed the correlation between
the expression levels of the 32 genes in HCC patients with HCC
progression. Univariate Cox analysis (Figure 1A) predicted that
7 out of the analyzed 32 TGF-b related genes are significantly
correlated with HCC progression (p < 0.05).
Frontiers in Oncology | www.frontiersin.org 4
Then, for a more accurate prediction, LASSO regression was
used to calculate the optimal lambda values (Figure 1B) and the
coefficient for each gene (Figure 1C). Taken together, seven
TGF-b family members (TGF-b1, LEFTY2, BMP2, BMP6,
GDF6, GDF7, and GDF10) were identified as independent
prognostic factors for HCC.

Finally, according to the median risk score, the cohort of
patients from TCGA database was divided into high-risk and
low-risk groups (Supplementary Figure 1A). The high-risk
group exhibited a higher frequency of poor overall survival
(OS) than the low-risk group, as shown by the survival time
(Supplementary Figure 1B) and Kaplan–Meier survival curve
(Figure 2A). Principal component analysis (PCA) revealed that
A B C

FIGURE 1 | Construction of prognosis model. Thirty-two genes from the TGF-b family were subjected to univariate Cox regression analysis. (A) Seven TGF-b family
members (including TGF-b1) were identified as independent prognostic factors for hepatocellular carcinoma (HCC) using survival, survminer, and forestplot
packages. Red indicates positive correlation while green indicates negative correlation. p < 0.05 suggests statistical significance. LASSO regression analysis was
applied to reduce model complexity and prevent over-fitting, with the optimal lambda values shown in (B) As indicated in (C), after analysis using glmnet and survival
packages, each curve in the LASSO regression represents a gene, with the coefficients shown in the y-axis. The numbers on the top of (B, C) indicate how many
genes are left in the model when Lambda is set to a certain value. The coefficients from top to bottom in (C) correspond to the respective genes as follows: GDF6
(0.41), GDF10 (0.36), LEFTY2 (0.34), BMP6 (0.17), BMP2 (0.16), TGFB1 (0.049), and GDF7 (−0.41).
A B

FIGURE 2 | Validation of prognosis model. (A) Kaplan–Meier survival curve analysis of high-risk and low-risk cohorts using package survival. (B) Receiver operating
characteristic (ROC) analysis of three different survival times (1, 3, and 5 years) using timeROC and ggplot2 packages. AUC: area under the curve. p < 0.05 indicates
statistical significance.
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these two groups had tendency towards opposite directions
(Supplementary Figure 1C), confirming the validity of the
prediction model, which was further supported by the AUC
analysis of 1-, 3-, and 5-year survival time (Figure 2B).
Therefore, we conclude that some of the TGF-b family genes
can be used as prognostic factors for HCC progression.

TGF-b1 as a Prognostic Factor for
HCC Progression
By correlating each single factor with survival time of each
patient, Univariate Cox regression analysis (Figure 3A)
showed that four factors (stage, T, M, and TGF-b1) are
potential prognostic factors of clinical relevance and
significance (p < 0.05). However, HCC prognosis is not
significantly related with age, gender, grade, or node (p > 0.05).
Furthermore, multivariate Cox regression analysis (Figure 3B)
demonstrated that TGF-b1 could be an independent prognostic
factor of HCC, with p = 0.02. Taken together, Cox regression
analyses suggested that expression level of TGF-b1 is closely
related to HCC progression.

High TGF-b1 Expression in HCC Tissues
With Poor Survival Time
To further validate the correlation of TGF-b1 expression level
with HCC prognosis, we first implemented some bioinformatic
tools including limma, beeswarm, ggpubr, and tidyverse to
analyze the RNA-seq data (FPKM) of the HCC tissues
extracted from the TCGA database. Differential expression
scatter plot (Figure 4A) revealed high TGF-b1 expression in
HCC samples when compared with normal liver tissue samples,
which was confirmed by the paired differential analysis
(Figure 4B) using the 50 pairs of HCC tissues and the
corresponding neighboring non-tumorous liver tissues.
Frontiers in Oncology | www.frontiersin.org 5
Next, clinical correlation analysis (Figure 4C) showed that TGF-
b1 expression increased along with the HCC progression through
different grades, indicating poor differentiation and prognosis when
TGF-b1 expression is high. However, only statistical significance
was observed when comparing the data from grade 1 with that from
grade 3. Furthermore, Kaplan–Meier survival curve analysis
demonstrated that high TGF-b1 expression level is significantly
correlated with poor survival time (Figure 4D).

Finally, in agreement with the above elaborated bioinformatic
analyses, molecular and cellular evidence showed higher mRNA
expression of TGF-b1 in two human HCC cell lines (Huh7 and
HepG2) than in the normal human hepatic cell line (LO2)
(Figure 5A) and in HCC tissues than in the corresponding
paired non-tumorous liver tissues (Figure 5B), which was
confirmed by immunofluorescent staining at protein level, with
TGF-b1 expressed in cytoplasm (Figure 5C).

Involvement of TGF-b1 in
Immune-Associated Pathways
To explore the underlying molecular mechanisms of TGF-b1 in
HCC progression and prognosis, Gene Oncology (GO) enrichment
and Gene Set Enrichment Analysis (GSEA) were performed against
the KEGG database using the extracted TCGA-LIHC RNA-seq
data. As shown in Figure 6A, most of the significantly enriched
biological processes (BP), cellular components (CC), andmolecular
functions (MF) are immune related, such as humoral immune
response, immunoglobulin complex, and antigen binding. These
observations from GO enrichment analysis were confirmed by
GSEA (Figure 6B), which revealed that many pathways were
activated by high expression of TGF-b1. Out of the top 50
activated pathways, 10 are enriched in and related to immunity
and cancer, as shown in Figure 6B, including B cell receptor signal
pathway, natural killer cell-mediated cytotoxicity, and T cell
A B

FIGURE 3 | TGF-b1 expression is a prognostic factor for HCC progression. Univariate Cox regression analysis (A) and multivariate Cox regression (B) demonstrated
that TGF-b1 could be a prognostic factor of HCC. Hazard ratio was computed using survival, survminer, and forestplot packages. HR, hazard ratio; CI, confidence
intervals; T, tumor; M, metastasis; N, (lymph) node. p < 0.05, p < 0.01, and p < 0.001 suggest significance, strong significance, and extremely strong significance,
respectively.
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receptor signaling pathway. On the other hand, only 12 pathways
were found to be significantly downregulated when TGF-b1 was
highly expressed in HCC samples, with the first 10 pathways
displayed in Figure 6B.

Then, the CIBERSORT tool from R was applied to estimate
the tumor-infiltrating immune cells (TICs) for the HCC samples
based on the RNA-seq datasets. Subsequently, a relationship was
observed between the TGF-b1 expression and infiltration of
immune cells, with the distribution percentage of 22 immune
cell types from 109 HCC patients (Supplementary Table 2)
shown in Figure 7. To further characterize the TICs, differential
analysis of the percentage of the 22 types of immune cells in HCC
patients revealed that TGF-b1 expression is positively correlated
with Tregs, but negatively correlated with gd T cells (Figure 8A),
as shown by the blue lines in Figures 8B, C.

DISCUSSION

Liver cancer is one of the most malignant tumors with high
morbidity and mortality. The new cases of liver cancer in China
each year account for half of the cases worldwide (1). Despite the
Frontiers in Oncology | www.frontiersin.org 6
tremendous progress achieved in surgery, liver transplantation,
and radiofrequency ablation, the 5-year survival rate of HCC
patients is still rather poor (25). The few and ineffective
therapeutic strategies for HCC can be attributed to our poor
understanding of its biology. Sorafenib, a tyrosine kinase
inhibitor (TKI) to suppress the RAS/RAF/MEK/ERK signal
pathway, was approved as a treatment approach for HCC.
However, its efficacy is limited by the development of drug
resistance and the major neuronal isoform of the pathway;
furthermore, BRAF mutation in advanced HCC patients
confers a multifocal and/or more aggressive behavior with TKI
resistance (26), which altogether urges for more effective alternatives.

Immunotherapy is a novel systemic treatment approach for
enhancement of the anti-tumor immune response of HCC
patients, which has the potential to reduce tumor recurrence
and metastasis (27). TGF-b signaling can promote tumor
progression through immunosuppression (6, 28–30), while
TGF-b1 can directly suppress immunosurveillance by inhibiting
the anti-tumor activity of infiltrating immune cells and
subsequently facilitating the recruitment and sustenance of pro-
tumoral immune cells to enhance metastatic progression (20).
A B

C D

FIGURE 4 | Bioinformatic analysis revealed high TGF-b1 expression in HCC tissues, with poor survival time. RNA-seq data (FPKM) of 374 HCC tissues and 50
non-HCC liver tissues were extracted from TCGA database (portal.gdc.cancer.gov). TGF-b1 expression and p-value were computed using limma and beeswarm
packages for the 374 samples (A) and the 50 pairs of HCC tissues with the corresponding neighboring non-tumorous liver tissues (B). (C) Correlation analysis
of TGF-b1 expression in HCC tissues of different grades using ggpubr and tidyverse packages. G1: N = 55; G2: N = 179; G3: N = 124; G4: N = 12. (D) Kaplan–
Meier survival curve analysis of TGF-b1 expression level and survival time using the survival package. p < 0.05 and p < 0.01 suggest significance and strong
significance, respectively.
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In the current study, we employed a flora of bioinformatic
packages to assess the clinical prognosis value of TGF-b signaling
family in the prediction of HCC progression. Thirty-two TGF-b
related genes (ACTC1, BMP2, BMP3, BMP4, BMP5, BMP6,
BMP7, BMP8A, BMP8B, BMP10, BMP15, GDF1, GDF2, GDF3,
GDF5, GDF6, GDF7, GDF9, GDF10, GDF11, GDF15, GDNF,
INHA, INHBA, INHBB, LEFTY2, MSTN, NRTN, PSPN,
TGFB1, TGFB2, and TGFB3) were subjected to Cox regression
analysis and LASSO analysis. The prediction model showed
(Figure 1) that seven TGF-b family members (BMP2, BMP6,
GDF6, GDF7, GDF10, LEFTY2, and TGF-b1) could be potential
independent prognostic factors for HCC, which was validated by
Kaplan–Meier survival analysis and ROC analysis (Figure 2),
and further by LASSO analysis and PCA analysis (Figure 2). Out
of the seven confirmed TGF-b family members, our observation
on TGF-b1 is consistently in line with previous studies (31, 32).
Considering the high abundance, biological importance, and
pathological relevance of TGF-b1 (33–36), we focused on
TGF-b1 in this study.

Our global analyses confirmed that TGF-b1 expression is a
prognosis factor for HCC progression (Figure 3). High TGF-b1
Frontiers in Oncology | www.frontiersin.org 7
expression was noticed in HCC tissues, with poor survival time
(Figure 4). In addition, experimental tools revealed that TGF-b1
is highly expressed in HCC tissue and cell lines, compared with
the neighboring non-tumorous tissue from the same HCC
patients and normal liver cell line (Figure 5).

Furthermore, our data showed that TGF-b1 is closely
correlated with immune signatures (Figure 6), thus regulating
the TIME of HCC patients. Among the 22 types of immune cells
we analyzed (Figures 7, 8), high TGF-b1 expression in HCC
patients is positively correlated with regulatory T cells (Tregs),
suggesting that high level of TGF-b1 may activate Tregs to
suppress antitumor immunity by inhibiting the killing of HCC
cells by antigen-specific CD8+ T cells, leading to poor prognosis
(30, 37). On the other hand, the negative connection between
TGF-b1 expression in HCC cohorts with gd T cells (Figure 8)
may indicate that highly expressed TGF-b1 reduce the number of
gd T cells or suppress the activity of gd T cells, resulting in more
frequent recurrence in HCC patients and poor prognosis (38).
Taken together, TGF-b1 can be a promising candidate for
immunotherapy in patients with HCC through Tregs and gd T
cells (39–42).
A

C

B

FIGURE 5 | TGF-b1 is highly expressed in HCC cell lines and tissues. (A) Relative mRNA expression of TGF-b1 in normal human hepatic cell line (LO2) and two
human HCC cell lines (Huh7 and HepG2). TGF-b1 gene expression is shown as the mean ± SD of three independent experiments. (B) Relative mRNA expression of
TGF-b1 in HCC tissues is significantly higher than that in the paired neighboring non-tumor tissues. TGF-b1 gene expression is shown as the mean ± SD of fifteen
tissue pairs. b-ACTIN was used as an internal control in RT-qPCR (**p < 0.01, Student’s t-test). (C) Microscopic images show liver cross-sections of paired para- and
cancerous biopsies. TGF-b1 protein level (green) was visualized by indirect immunofluorescence staining, while nuclei DNA (blue) by DAPI staining. The images are
representatives from three pairs of HCC and non-tumorous neighboring tissues. HCC, hepatocellular carcinoma; NT, neighboring non-tumorous tissue from the same
HCC patient. *P < 0.05.
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CONCLUSION

To summarize, we performed a systemic bioinformatic analysis
based on the RNA-seq datasets of HCC cohorts from TCGA and
Frontiers in Oncology | www.frontiersin.org 8
demonstrated that TGF-b1 contributed to HCC progression and
poor prognosis via regulating Tregs and gdT cells tomodulate tumor
immunity. Development of TGF-b1 inhibitors can then potentially
help to treat HCC by inhibiting tumor growth and metastasis.
FIGURE 7 | Percentage of the 22 types of immune cells in 109 HCC samples with high TGF-b1 expression using the corrplot package. CIBERSORT tool was used
to analyze the data from the 374 HCC patients extracted from TCGA. Data with p > 0.05 were filtered out, with 109 samples left as shown in the x-axis and
Supplementary Table 2. The y-axis shows the percentage of immune cells in each patient.
A B

FIGURE 6 | High TGF-b1 expression is positively correlated with active immunity in HCC patients. (A) GO (Gene Ontology) analyses using e1071, Parallel, and
Preprocesscore packages revealed the involvement of TGF-b1 in activation of various immune-related signal pathways. BP, biological process; CC, cellular
component; MF, molecular function. (B) Top ten activated and top ten suppressed signal pathways by high TGF-b1 level were presented, respectively, using Gene
Set Enrichment Analysis (GSEA) software and KEGG database.
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Supplementary Figure 1 | Confirmation of prognosis model. Lasso regression
analysis was implemented to reduce model complexity and prevent over-fitting,
and the obtained coefficients as shown in Figure 1C was used to calculate the
risk score (A) and survival time in years (B). (C). Principal Component Analysis
(PCA) was applied to further validate the effectiveness of the prognosis model and
to display the difference between the two groups (high risk and low risk) using
package ggpubr.
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