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Abstract
TGFβ2 is an essential regulator of immune cell functionality, but the mechanisms 
whereby it drives immune infiltration in gastric cancer remain uncertain.  The 
Oncomine and Tumor Immunoassay Resource (TIMER) databases were used for as-
sessing the expression of TGFβ2, after which TIMER was used to explore the rela-
tionship between TGFβ2 and tumour immune infiltration. Finally, we assessed how 
TGFβ2 expression correlated with the expression of a set of marker genes associated 
with immune infiltration using TIMER and GEPIA. We determined TGFβ2 expression 
to be significantly correlated with outcome in multiple types of cancer in the Cancer 
Genome Atlas (TCGA), with the effect being particularly pronounced in gastric can-
cer. Furthermore, elevated TGFβ2 expression was found to be significantly correlated 
with gastric cancer N staging, and with the expression of a variety of immune mark-
ers associated with particular immune cell subsets. These results indicate that TGFΒ2 
is associated with patient outcome and tumour immune cell infiltration in multiple 
cancer types. This suggests that TGFβ2 is a key factor which governs immune cell 
recruitment to gastric cancer tumours, potentially playing a vital role in governing im-
mune cell infiltration and thus representing a valuable prognostic biomarker in gastric 
cancer patients.
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1  | INTRODUC TION

Gastrics cancer (GC) remains among the deadliest forms of cancer, and 
it is particularly prevalent in East Asia.1 The poor prognosis of this can-
cer type is in part attributable to tumour metastasis.2 Immunological 
mechanisms regulate the development and progression of GC, and as 
such, many different immunotherapies have been proposed as a means 
of effectively treating this cancer type.3 In non-small cell lung cancer, 
immunotherapies including inhibitors of cytotoxic T lymphocyte-cor-
related antigen 4 (CTLA4), programmed death-1 (PD-1) and programmed 
death ligand-1 (PD-L1) have shown great promise.4 In GC, however, 
anti-CTLA4 has shown poor efficacy in the clinic,5 and anti-PD-1 and 
anti-PD-L1 have shown only partial responses in advanced GC and colon 
cancer patients.6-8 The infiltration of immune cells into tumours is of 
particular relevance to patient outcome, with infiltration by tumour-as-
sociated macrophages (TAMs) and neutrophils being of particular rele-
vance to patient prognosis and tumour chemosensitivity.9 As such, there 
is a clear need to better clarify the immune phenotype of GC tumours 
and to better understand how immune cells regulate this type of cancer 
in order to better identify novel immunotherapy targets in GC.

Transforming growth factor beta (TGF-β) is a cytokine partic-
ularly relevant to malignant tumour progression,10-12 with three 
family members—TGF-β1, TGF-β2 and TGF-β3—playing non-re-
dundant roles  in vitro.13 TGF-β1 and TGF-β2 have been shown to 
influence stromal and tumour cells in order to regulate tumour pro-
gression.14,15 Most cancer cells lose the ability for TGF-β to inhibit 
growth, thereby overcoming its suppressive activities while simulta-
neously enhancing its activities which favour tumour growth.16,17 
Indeed, TGF-β1 has been shown to be independently predictive of 
both tumour stage and poor prognosis.18

TGF-β signalling can induce profound immunosuppression, and 
it is secreted both by tumour cells and immune cells, in addition to 
other cells in the tumour microenvironment.19,20 TGF-β has the 
potential to drive the epithelial-mesenchymal transition of tumour 
cells, thereby further enhancing tumour progression.21 When TGFβ 
signalling is inhibited, this has been found to prevent certain ad-
vanced tumours from metastasizing or progressing further,22,23 
while TGF-β1 itself can impair immune cell responsiveness24,25 
while promoting angiogenesis.26

TGF-β is a potent regulator of the tumour microenvironment, as it 
can regulate interactions between tumour, immune and stromal cells 
while simultaneously regulating cytokine production. Peripheral 
blood mononuclear cells (PBMCs) are key immune cells capable of 
secreting cytokines, and when they interact with cancer cells, this 
can either induce or impair a tumour-specific immune response, 
thereby determining whether tumours undergo apoptotic death or 
are able to progress more rapidly.20,27,28 Tumour and PBMC inter-
actions arise both through direct intercellular contact, and through 
cytokine-dependent signalling pathways. Certain tumours have 
been found to induce the differentiation of naive peripheral CD4+ T 
cells into CD4+ CD25+ regulatory T cells via TGF-β secretion,29-31 
whereas other studies have found that the release of TNF-α, inter-
leukin (IL)-1β, and IFN-γ is elevated in certain cancer types, including 

in colon cancer upon interaction with lymphocytes.32 The mecha-
nisms whereby TGFβ2 governs tumour progression and immune cell 
infiltration in GC, however, remain unclear.

Herein, we conducted a comprehensive assessment of the re-
lationship between TGFβ2 and patient prognosis using databases 
including Oncomine, PrognoScan and Kaplan-Meier plotter. We fur-
ther investigated the link between TGFΒ2 and immune cell infiltra-
tion of tumours using the Tumor Immunoassay Resource (TIMER). 
Our results offer novel insights into the functional role of TGFβ2 
in gastric cancer, thereby highlighting a potential mechanistic basis 
whereby TGFβ2 influences immune cell interaction with tumours.

2  | MATERIAL S AND METHODS

2.1 | Oncomine database analysis

The Oncomine database compiled 86,733 samples and 715 gene ex-
pression data sets into a single comprehensive database designed 
to facilitate data mining efforts.33 We therefore used this database 
to assess the association between TGFβ2 expression and prognostic 
outcome in various tumour types (https://www.oncom​ine.org/resou​
rce/login.html).

2.2 | PrognoScan database analysis

The PrognoScan database is designed to facilitate meta-analyses of 
gene prognostic value by comparing the relationship between gene 
expression and relevant outcome including overall survival (OS) in a 
wide range of published cancer microarray data sets.34 We there-
fore used this database to assess the relationship between TGFβ2 
expression and patient outcome (http://www.abren.net/Progn​
oScan​/).

2.3 | Kaplan-Meier plotter analysis

The Kaplan-Meier plotter offers a means of readily exploring the im-
pact of a wide array of genes on patient survival in 21 different types 
of cancer, with large sample sizes for the breast (n = 6,234), ovarian 
(n = 2,190), lung (n = 3,452) and gastric (n = 1,440) cancer cohorts.35 
We therefore used this database to explore the association between 
TGFβ2 expression and outcome in patients with gastric, breast, ovar-
ian and lung cancer, analysing the impact of both clinicopathologi-
cal factors and TGFβ2 on patient outcome in gastric cancer patients 
(http://kmplot.com/analy​sis/).

2.4 | TIMER database analysis

TIMER (https://cistr​ome.shiny​apps.io/timer​/) is a database de-
signed for analysing immune cell infiltrates in multiple cancers. This 

://www.oncomine.org/resource/login.html
://www.oncomine.org/resource/login.html
://www.abren.net/PrognoScan/
://www.abren.net/PrognoScan/
://kmplot.com/analysis/
://cistrome.shinyapps.io/timer/
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database employs pathological examination-validated statistical 
methodology in order to estimate tumour immune infiltration by 
neutrophils, macrophages, dendritic cells, B cells and CD4/CD8 T 
cells.36 We initially employed this database to assess differences in 
TGFβ2 expression levels in particular tumour types using the TIMER 
database, and we then explored the association between this TGFβ2 
expression and the degree of infiltration by particular immune cell 
subsets. We further conducted Kaplan-Meier curve analyses to ex-
plore differences in patient survival as a function of gene expression 
or immune cell infiltration. Lastly, we assessed how TGFβ2 expres-
sion correlated with the expression of particular immune infiltrating 
cell subset markers.

2.5 | GEPIA database analysis

GEPIA is an online database which facilitates the standardized analy-
sis of RNA-seq data from 9,736 tumour samples and 8,587 normal 
control samples in the TCGA and GTEx data sets (http://gepia.cance​
r-pku.cn/index.html).37 We therefore employed this database to 
assess the link between TGFβ2 expression and patient prognosis in 
multiple tumour types, and we further assessed the link between 
TGFβ2 expression and the expression of particular markers associ-
ated with immune cell infiltration of tumours.

2.6 | Statistical analysis

The PrognoScan, Kaplan-Meier plotter, TIMER and GEPIA databases 
were used for generating survival plots in respective analyse, with 
data including either HR and P-values or P-values derived from a 
log-rank test. Data from the Oncomine database are presented 
with information regarding ranking, fold-change and P-values. 
Spearman's correlation analyses were used to gauge the degree of 
correlation between particular variables, with the following r values 
being used to judge the strength of correlation: .00–.19 ‘very weak’, 
.20–.39 ‘weak’, .40–.59 ‘moderate’, .60–.79 ‘strong’, .80–1.0 ‘very 
strong’. P < .05 was the significance threshold.

3  | RESULTS

3.1 | Assessment of TGFβ2 expression in different 
cancer and normal tissues

We first assessed the expression of TGFβ2 in multiple tumour and 
normal tissue types using the Oncomine database, revealing that 
expression of this gene was elevated relative to normal tissue con-
trols for brain, breast, colorectal, oesophageal, rectal, gastric, head 
and neck, liver, renal and pancreatic cancers. We also found that 
relative to normal tissue controls, TGFβ2 expression was lower in 
brain, breast, renal, lung and prostate cancer tissues (Figure 1A). 
Detailed findings in particular tumour types are compiled in Table 

S1. We further used the TCGA and TIMER databases to assess how 
TGFβ2 expression differs in particular tumour types. We found that 
the expression of TGFβ2 was significantly elevated relative to nor-
mal controls in cholangiocarcinoma (CHOL), colon adenocarcinoma 
(COAD), liver hepatocellular carcinoma (LIHC), stomach adenocarci-
noma (STAD) and thyroid carcinoma (THCA). In contrast, the expres-
sion of TGFβ2 was significantly below that in normal control tissues 
in bladder urothelial carcinoma (BLCA), breast invasive carcinoma 
(BRCA), kidney chromophobe (KICH), kidney renal papillary cell car-
cinoma (KIRP), kidney renal clear cell carcinoma(KIRC), lung adeno-
carcinoma (LUAD), lung squamous cell carcinoma (LUSC), prostate 
adenocarcinoma (PRAD) and uterine corpus endometrial carcinoma 
(UCEC). Differences between the expression of TGFβ2 in tumours 
and normal adjacent tissue samples in the TCGA data set are shown 
in Figure 1B.

3.2 | The association between TGFβ2 
expression and cancer patient prognosis

We next explored the link between the expression of TGFβ2 and can-
cer patient outcome using the PrognoScan database (Tables S2–S5). 
We found that multiple cancer types exhibited a significant association 
between patient prognosis and TGFβ2 expression including breast, 
lung, blood, ovarian, prostate, brain and colon cancer (Figure 2A–H). 
We additionally employed the Kaplan-Meier plotter database in order 
to assess how TGFβ2 expression relates to prognosis in a range of 
cancer types, revealing its elevation to be significantly linked with a 
poorer prognosis in gastric cancer (OS HR = 1.62, 95% CI = 1.35–1.98, 
P = 1.97e-7; PFS HR = 1.82, 95% CI = 1.48–2.24, P = 7.6e-9) and ovar-
ian cancer (OS HR = 1.18, 95% CI = 1.04 to 1.34, P = .013; PFS HR = 
1.35, 95% CI = 1.18–1.55, P = 1.4e-5) (Figure 2I–L). However, we found 
reduced TGFβ2 expression to be correlated with poorer patient prog-
nosis in lung cancer (OS HR = 0.83, 95% CI = 0.73–0.94, P = .0029; 
PFS HR = 0.78, 95% CI = 0.64–0.94, P = .01) (Figure 2M–N). There 
was not any significant relationship between the expression of TGFβ2 
expression and the prognosis of breast cancer patients (Figure 2O–P). 
We further used the GEPIA database to assess how TGFΒ2 expres-
sion relates to patient prognosis, analysing 33 TCGA cancer types and 
revealing that TGFβ2 expression correlated both with OS and DFS in 
ACC, LGG, STAD (Figure S1). These results thus clearly demonstrate 
that TGFβ2 expression significantly correlated with poorer outcome in 
multiple tumour types.

3.3 | Elevated TGFβ2 expression is linked to 
prognosis in gastric cancer patients exhibiting 
lymphatic metastasis

As we found TGFβ2 expression to be linked with poor gastric can-
cer patient prognosis, we next explored the underlying mechanisms 
via using the Kaplan-Meier plotter database to assess the relation-
ship between TGFβ2 expression and patient clinicopathological 

://gepia.cancer-pku.cn/index.html)
://gepia.cancer-pku.cn/index.html)
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findings. We found that TGFβ2 expression correlated significantly 
with OS, DFS and with patient gender, stage, T stage, N stage, M 
stage, Lauren classification and differentiation, with the exception 
of stage 1 (Table 1). We further found TGFβ2 expression to correlate 
with each N stage, which corresponds to the degree of lymph node 
metastasis in gastric cancer patients. Such lymph node metastasis is 
the most common type of metastasis in gastric cancer patients and 
is directly linked with patient prognosis.38 With respect to the re-
lationship between TGFβ2 and DFS in gastric cancer, N stage exhib-
ited the highest HR (HR = 4.22 (1.56–11.44, P = .0020), suggesting 
that TGFβ2 expression has the potential to influence gastric cancer 
patient prognosis via influencing lymph node metastasis in these 
individuals.

3.4 | TGFβ2 expression correlated with immune cell 
infiltration in gastric cancer

In cancer patients, survival and lymph node metastasis are inde-
pendently predicted by the frequency of lymphocytes infiltrating 
into the tumour.39-41 As such, we next explored the relationship 
between TGFβ2 expression and the degree of immune cell infiltra-
tion into 39 tumour types using the TIMER database (Figure S2). 
We found that there was a significant correlation between TGFβ2 
expression and the tumour purity in 24 cancer types, and between 

TGFβ2 expression and B cell infiltration in 14 cancer types. There 
were additional correlations between TGFβ2 and the levels of 
CD8+T cell infiltration in 19 cancer types, CD4+T cell infiltration in 
21 cancer types, macrophage infiltration in 23 cancer types, neutro-
phil infiltration in 23 cancer types, and dendritic cell infiltration in 23 
cancer types. There was no significant association between TGFβ2 
levels and B cell, CD4+T cell, CD8+T cell, macrophage, neutrophil 
or dendritic cell infiltration in mesothelioma (MESO) (Figure 3A). 
Similarly, there was no such relationship between levels of TGFβ2 
and tumour purity in stomach adenocarcinoma (STAD), whereas in 
this same tumour type, the expression of TGFβ2 was significantly 
associated with levels of CD8+ T cells (R = .139, P = 7.24e-03), CD4+T 
cells (R = .258, P = 5.75e-07), macrophages (R = .442, P = 3.77e-19), 
neutrophils (R = .124, P = 1.68e-02) and dendritic cells (R = .248, 
P = 1.29e-05), although there was no relationship with B cell lev-
els (Figure 3B). We further generated Kaplan-Meier plots using the 
TIMER database in order to explore the relationship between im-
mune cell infiltration and TGFβ2 expression in MESO and STAD. We 
found macrophage infiltration (P = .004) and TGFβ2 expression (P 
< .001) to significantly correlate with STAD prognosis (Figure 3C), 
whereas no significant correlation between prognosis and immune 
cell infiltration (P = .004) or TGFβ2 expression (P < .001) was ob-
served in MESO (Figure 3D). This suggests that TGFβ2 plays a strong 
role in regulating immune cell infiltration in gastric cancer, with a 
particularly strong effect on macrophage infiltration.

F I G U R E  1   The expression level of TGFβ2 in different types of tumor tissues and normal tissues (A) The expression level of TGFβ2 in 
different types of tumor tissues and normal tissues in the Oncomine database. (P value is .001, fold change is 1.5, and gene ranking of all.) (B) 
The expression level of TGFβ2 in different types of tumor tissues and normal tissues in TIMER database (*P < .05, **P < .01, ***P < .001)
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3.5 | Assessment of the correlation between 
TGFΒ2 and immune marker expression

We next further explored the link between TGFβ2 expression 
and levels of immune cell infiltration based on sets of immuno-
logical markers in STAD using the TIMER and GEPIA databases, 

with MESO serving as a control group. Specifically, we assessed 
the correlation between TGFβ2 expression and levels of parkers 
for particular cell subsets including CD8+ T cells, total T cells, B 
cells, monocytes, TAMs, M1 and M2 macrophages, neutrophils, NK 
cells, DCs, Th1 cells, Th2 cells, Tfh cells, Th17 cells, Tregs and ex-
hausted T cells. We adjusted these results based on tumour purity, 

F I G U R E  2   Correlation between TGFβ2 and prognosis of various types of cancer Correlation between TGFβ2 and prognosis of various 
types of cancer in the PrognoScan (A–H) Correlation between TGFβ2 and prognosis of various types of cancer in the Kaplan-Meier plotter 
database (I–P). OS, overall survival; PFS, Kaplan-Meier plotter database; RFS, recurrence-free survival
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revealing a significant correlation between TGFβ2 expression and 
monocyte markers (CD86, CD115), TAM markers (CCL2, IL10), M1 
macrophage markers (INOS, IRF5, COX2), M2 macrophage markers 
(CD163, VSIG4, MS4A4A), neutrophils markers (CD11b, CD66b), 
NK cell markers (KIR2DL4), DC markers (BCDA-A, BDCA-4, CD11C), 
Th1 markers (STAT4), Th2 markers (GATA3, STAT5A), Tfh markers 
(BCL6), Th17 markers (STAT3) and Treg markers (CCR8, STAT5B, 
TGFβ1) in STAD (Table 2). In contrast, TGFβ2 expression correlated 
with just 10 of these markers in MESO (Table 2). TGFβ2 expression 
was correlated with that of the majority of monocyte, TAM, M1 and 
M2 macrophage markers in STAD (Table 2). In particular, it was sig-
nificantly correlated with monocyte markers (CD86, CD115), TAM 
markers (CCL2, IL10), M1 macrophage markers (INOS, IRF5, COX2) 
and M2 macrophage markers (CD163, VSIG4, MS4A4A) in STAD (P 
< .0001; Figure 4A–H). We therefore further assessed the relation-
ship between TGFβ2 expression and these markers in STAD using 
the GEPIA database revealing similar correlations between TGFβ2 

and markers of monocytes, TAMs, and M1 and M2 macrophages to 
those in TIMER (Table 3). This suggests that in STAD, TGFβ2 may 
be capable of regulating the polarization of macrophages. Elevated 
TGFβ2 expression is also associated with increased DC infiltra-
tion in STAD, and consistent with this, the DC markers BDCA-1, 
BDCA-4 and CD11c were correlated with the expression of TGFβ2 
expression. This indicates that TGFβ2 is closely linked with tumour 
DC penetration. DCs are able to increase levels of tumour metas-
tasis via enhancing Treg responses and suppressing CD8+ T cell cy-
totoxicity.42 Further work will be necessary in order to establish 
whether TGFβ2 plays a key role in regulating DC infiltration and tu-
mour metastasis. We further observed that there was a significant 
correlation between TGFβ2 and markers of Tregs and exhausted T 
cells including CCR8, STAT5B, TGFβ, TIM-3 (Table 2), indicating that 
TGFβ2 may play a role in immune escape in gastric cancer, although 
further work will be needed to confirm the mechanisms underlying 
such escape.

TA B L E  1   Kaplan-Meier plotter to determine the effect of different clinicopathological factors on the expression of TGFβ2 gene and 
clinical prognosis in gastric cancer

Clinicopathological 
characteristics

Overall survival (n = 882) Progression-free survival (n = 646)

N Hazard ratio P-value N Hazard ratio P-value

Sex

Female 236 1.74 (1.20–2.54 .0033 201 2.11 (1.43–3.13) .0001

Male 545 1.54 (1.23–1.94) .0002 438 1.74 (1.37–2.22) 3.7e-6

Stage

1 67 1.60 (0.52–4.97) .4108 60 1.72 (0.56–5.27) .3398

2 140 2.29 (2.16–4.53) .0146 131 2.01 (1.10–3.67) .0199

3 305 0.81 (0.61–1.09) .1638 186 1.93 (1.31–2.83) .0007

4 148 2.31 (1.55–3.44) 2.2e-5 141 2.23 (1.51–3.31) 5.0E-5

Stage T

2 241 2.63 (1.67–4.13) 1.4e-5 239 2.70 (1.75–4.17) 3.1e-6

3 204 1.52 (1.06–2.18) .0229 204 1.61 (1.13–2.29) .0078

4 38 5.08 (1.47–17.56) .0047 39 3.24 (1.21–8.69) .0138

Stage N

0 74 3.98 (1.48–10.74) .0032 72 4.22 (1.56–11.44) .0020

1 225 1.99 (1.32–3.00) .0008 222 2.04 (1.38–3.02) .0003

2 121 1.69 (0.93–3.06) .0835 125 1.66 (1.06–2.61) .0254

3 76 2.93 (1.70–5.07) 6.0e-5 76 3.00 (1.72–5.22) 5.0e-5

1+2+3 422 2.04 (1.56–2.66) 1.2e-7 423 2.15 (1.66–2.79) 3.1E-9

Stage M

0 444 2.18 (1.63–2.90) 4.9e-8 443 2.15 (1.64–2.83) 1.6E-8

1 56 1.67 (0.92–3.05) .0902 56 1.91 (1.02–3.58) .0391

Lauren classification

Intestinal 320 1.52 (1.04–2.21) .0287 263 1.91 (1.33–2.75) .0004

Diffuse 241 2.28 (1.48–3.51) .0001 241 2.28 (1.48–3.51) .0001

Differentiation

Poor 165 1.78 (1.12–2.83) .0129 165 1.78 (1.12–2.83) .0129

Moderate 67 1.96 (1.03–3.75) .0377 67 1.96 (1.03–3.75) .0377
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4  | DISCUSSION

TGFβ2 is a transforming growth factor beta (TGFB) family cytokine, 
with members of this cytokine family playing broad regulatory roles 
and controlling key physiological processes including cell migration, 
proliferation and differentiation via signalling through type I and 
type II receptors (TGFβR1 and TGFβR2), with signals propagating 
via the downstream regulatory SMAD proteins. This TGFβ/SMAD 
pathway is frequently dysregulated in human cancer. TGFβ cy-
tokines are capable of suppressing T cell growth in response to IL-2. 
In this study, we found that TGFβ2 expression correlated with pa-
tient prognosis in several types of cancer, with a particularly strong 
correlation between high TGFβ2 expression and a poor STAD prog-
nosis. This elevated TGFβ2 expression was also a reliable predictor 
of the presence of lymph node metastasis in GC patients, indicating 
that TGFβ2 may be a valuable prognostic indicator of metastatic 
progression in GC tumour types. We further found that the degree 
of TGFβ2 expression correlated with the expression of several dif-
ferent markers of immune cell subsets within tumours, thus high-
lighting a possible role for TGFβ2 in the immunological interactions 

in GC, making it a valuable biomarker worthy of further research in 
this type of cancer.

In this report, we assessed the expression of TGFβ2 as it related 
to the prognosis of 33 different types of cancers using the indepen-
dent Oncomie and GEPIA databases, revealing clear differences be-
tween tumour and normal tissue expression of TGFβ2 in many cancers. 
Oncomine data revealed elevated TGFβ2 levels in brain, breast, col-
orectal, oesophageal, gastric, head and neck, renal, liver, pancreatic 
and lymphoma cancers relative to normal tissue, whereas in certain 
data sets TGFβ2 levels were lower in brain, breast, kidney, lung and 
prostate cancer (Figure 1A). TCGA data set analysis indicated that 
there was elevated TGFβ2 expression in CHOL, COAD, LIHC, STAD 
and thyroid THCA, whereas expression was decreased in BLCA, BRCA, 
KICH, KIRP, KIRC, LUAD, LUSC, PRAD and UCEC relative to adjacent 
controls (Figure 1B). Altered TGFβ2 expression in a range of different 
cancers may be due to the different means of data collection in differ-
ent studies, or it may relate to differences in the underlying biological 
mechanisms. Across these databases, we consistently observed a cor-
relation between elevated TGFβ2 expression and a poor GC prognosis. 
In the TCGA database, elevated TGFβ2 levels were correlated with a 

F I G U R E  3   TGFβ2 expression is correlated with the level of immune infiltration in Stomach adenocarcinoma (STAD) and Mesothelioma 
(MESO). (A) TGFβ2 expression is correlated with the level of immune infiltration in Mesothelioma (MESO). (B) TGFβ2 expression is 
correlated with the level of immune infiltration in Stomach adenocarcinoma (STAD). (C) Kaplan-Meier plots of immune infiltration and 
TGFβ2 expression levels in Stomach adenocarcinoma (STAD). (D) Kaplan-Meier plots of immune infiltration and TGFβ2 expression levels in 
Mesothelioma (MESO)
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poorer outcome for patients with ACC, LGG and STAD. Similarly, the 
Kaplan-Meier plotter database found elevated TGFβ2 to correlate 
with poor GC and ovarian cancer outcome (Figure 2I–L). Furthermore, 
elevated TGFβ2 correlated with poorer patient prognosis, as well as 
gender, stage, T stage, N stage, M stage, Lauren classification and dif-
ferentiation. Elevated TGFβ2 expression in GC correlated with a higher 
N stage HR in PFS (Table 1). These results together thus suggest that 
TGFβ2 may have value as a GC prognostic biomarker.

An additional key finding in this study is that the expression of 
TGFβ2 correlated with the degree of immune infiltration in multiple 
cancer types, and particularly in GC. We found that TGFβ2 expression 
was moderately positively correlated with the degree of macrophage 

infiltration, and weakly positively correlated with the degree of 
CD8+, CD4+, DC and neutrophil infiltration in STAD (Figure 3A). We 
further found macrophage infiltration to be significantly associated 
with GC prognosis (Figure 3C) In addition, the correlation observed 
between TGFβ2 and the expression of certain immunological marker 
genes strongly suggests that in STAD tumours TGFβ2  can control 
immune cell infiltration and interactions within the tumour micro-
environment. We observed a weak correlation between TGFβ2 and 
M1/M2 macrophage markers including PTGS2, IRF5, CD163, VSIG4 
and MS4A4A (Table 3). This suggests that TGFβ2 play a role in reg-
ulating TAM polarization. We further found TGFβ2 levels in STAD 
to correlate with markers of Treg cells and T cell exhaustion (CCR8, 
STAT5B and TGFB1) (Table 2). This suggests that TGFβ2 can promote 
Treg responses to suppress T cell-mediated immunity. Furthermore, 
we found that expression of TGFβ2 correlated with that of multiple 
T cell markers (Th1, Th2, Tfh and Th17) in STAD. This may corre-
spond to the ability of TGFβ2 to regulate T cell responses in STAD. 
Together, these results highlight the ability of TGFβ2 to potentially 
regulate immune cell recruitment and activation in STAD.

In summary, TGFβ2 may be an important regulator of immune 
cell infiltration and a valuable prognostic biomarker in gastric cancer 
patients.
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F I G U R E  4   Correlation analysis between TGFΒ2 expression and immunological marker set in adenocarcinoma (STAD) and Mesothelioma 
(MESO). (A–D) Scatterplots of correlations between TGFB2 expression and gene markers of monocytes (A), TAMs (B), and M1 (C) and M2 
macrophages (D) in MESO. (E–H) Scatterplots of correlations between TGFΒ2 expression and gene markers of monocytes (E), TAMs (F), and 
M1 (G) and M2 macrophages (H) in STAD

TA B L E  3   Correlation analysis between TGFβ2 and relate genes 
and markers of monocyte, TAM and macrophages in GEPIA

Description Gene markers

STAD

Tumour Normal

R P R P

Monocyte CD86 .3 *** −.28 .099

CD115(CSF1R) .42 *** .11 .52

TAM CCL2 .37 *** .51 *

CD68 .21 *** −.47 *

IL10 −.4 *** −.06 .73

M1Macrophage INOS(NOS2) −.088 .076 .066 .7

IRF5 .29 *** −.31 .067

COX2(PTGS2) .39 *** .76 ***

M2Macrophage CD163 .33 *** .64 ***

VSIG4 .37 *** .38 .024

MS4A4A .37 *** .4 .017

Cor, R value of Spearman’s correlation; None, correlation without 
adjustment. Purity, correlation adjusted by purity. *P < .01; **P < .001; 
***P < .0001.
Abbreviations:MESO, mesothelioma; STAD, stomach adenocarcinoma; 
TAM, tumour-correlated macrophage; Tfh, Follicular helper T cell; Th, T 
helper cell; Treg, regulatory T cell.
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