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Abstract. Peptidylprolyl isomerase A (PPIA) has been reported 
to be correlated with cancer. The present study investigated 
the prognostic values of PPIA expression levels in cancer by 
comparing different types of cancer using databases. High 
expression levels of PPIA were observed in 17 out of 17 cancer 
types compared with normal adjacent tissues. High expression 
levels of PPIA were associated with decreased overall survival 
in low grade glioma, acute myeloid leukemia, lung adenocar-
cinoma, skin cutaneous melanoma and liver hepatocellular 
carcinoma (LIHC). The prognostic effect of PPIA expression 
in LIHC was independent of tumor grade. High expression 
levels of PPIA were of particular prognostic value in stage 3, 
American Joint Committee on Cancer Tumor  3, hepatitis 
B virus negative and sorafenib‑administered subgroups in 
LIHC. The expression level of PPIA was significantly associ-
ated with levels of basigin and signal transducer and activator 
of transcription 3, which may be major effectors of PPIA in the 
progression of the cancer.

Introduction

Primary liver cancer is the sixth most frequent cancer (6%) 
and the second leading cause of cancer‑associated mortality 
(9%) worldwide (1). Liver hepatocellular carcinoma (LIHC) 
accounts for 75% of all primary liver cancers (2). The therapy 
for LIHC has focused primarily on traditional resection and 
recurrence rates following resection can exceed 70%  (3). 
Sorafenib, a drug that inhibits the activity of tyrosine protein 
kinases, was recently approved for use in patients and could 
improve the overall survival (OS) of patients with advanced 
LIHC from 7.9 to 10.7 months (4). Thus, identifying novel 
therapeutic targets is urgent for LIHC.

Peptidylprolyl isomerase A (PPIA), also known as 
cyclophilin A or rotamase A, is an enzyme encoded by the 
PPIA gene on chromosome 7 (5,6). The PPIA protein catalyzes 
the cis‑trans isomerization of proline imidic peptide bonds, 
which allows it to regulate a number of biological processes, 
including intracellular signaling, transcription, inflamma-
tion and apoptosis (7‑10). PPIA has been reported to interact 
with molecules that could impact on various pathological 
processes (11). PPIA could inhibit the activity of interleukin‑2 
tyrosine kinase (ITK), leading to decreased activation of 
T cells (12). Basigin (BSG), also known as extracellular matrix 
metalloproteinase inducer or cluster of differentiation 147 
(CD147), which is a member of the immunoglobulin super-
family (13‑15), plays fundamental roles in the intercellular 
recognition involved in various immunological phenomena, 
including differentiation and development  (16). Activation 
of CD147 receptor with recombinant human PPIA could 
stimulate the phosphorylation of extracellular signal‑regulated 
kinase 1/2, c‑jun NH2‑terminal kinase, p38 kinase, protein 
kinase B and IKB (17‑19). PPIA/CD147 signaling has been 
reported to lead to cell migration, proliferation and differentia-
tion (20‑22). PPIA has been reported to interact with signal 
transducer and activator of transcription 3 (STAT3) in myeloma 
cells (23). PPIA has been implicated in a broad range of patho-
logical processes, including inflammatory diseases, aging and 
the progression of cancer metastasis  (11). Previous studies 
have demonstrated that overexpression of PPIA plays key roles 
in different types of cancer, including hepatocellular carci-
noma, lung cancer, pancreatic cancer, breast cancer, colorectal 
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cancer, squamous cell carcinoma and melanoma  (24,25). 
These results were primarily based on laboratory studies; 
therefore the question remains unanswered as to whether 
PPIA could serve as a prognostic factor and potential target for 
therapy in the future. Former studies have suggested that the 
differences in steady‑state between protein levels are largely 
explained by the variations in transcript concentrations, which 
means that by examining the different RNA concentrations 
of the genes, the correlated protein levels of these genes may 
be identified (26‑30). With this hypothesis, the present study 
analyzed the associations between PPIA expression levels and 
the survival of different populations with cancer in database 
platforms such as Oncomine, PrognoScan and UALCAN. In 
addition, as there have been studies demonstrating the associa-
tions between patients' survival and immune cell infiltration 
in the tumor microenvironment, the present study also investi-
gated the association between immune infiltrates in the tumor 
microenvironment and PPIA expression levels, with the aim 
of identifying a link between PPIA expression and immune 
cell infiltration. The present study aimed to elucidate the asso-
ciation between PPIA expression and cancer prognoses. The 
associations between the transcription levels of ITK, BSG, 
STAT3 and PPIA were investigated in order to identify the 
underlying molecular mechanisms.

Materials and methods

Analysis using the Oncomine database. Oncomine 
(https://www.oncomine.org/resource/login.html) is a 
web‑based online database containing 715 datasets and 
86,733 samples (31,32). This platform provides a powerful 
set of analysis functions that calculate gene expression 
signatures, clusters and gene‑set modules, automatically 
extracting biological insights from the data. The expression 
level of PPIA in different types of cancer was obtained from 
the Oncomine database. The threshold values were P=0.001, 
fold‑change=1.5.

Analysis in the PrognoScan database. The correlation 
between the expression level of PPIA and survival in cancer 
was analyzed using the PrognoScan database (33) (http://www.
abren.net/PrognoScan). This database was based on publicly 
available cancer datasets, which provides Kaplan‑Meier plots 
of gene transcription and survival time in accordance with 
individual datasets (32). The threshold values were corrected 
P=0.05 and Cox P=0.05.

Analysis in UALCAN. UALCAN (http://ualcan.path.uab.
edu/index.html) provides graphs and plots depicting gene 
expression and patient survival information for different types 
of cancer (34). The association between the expression level 
of PPIA and survival for the different types of cancer that 
were filtered by PrognoScan was analyzed using UALCAN. 
In addition, the present study also investigated the types of 
cancer not included in the PrognoScan, such as liver cancer. 
The threshold value was P=0.05.

Kaplan‑Meier plotter database analysis. A Kaplan‑Meier 
plotter can assess the effect of 54,675  genes on survival 
using 10,461 cancer samples. The association between PPIA 

expression and survival in liver cancer was analyzed using the 
Kaplan‑Meier Plotter at (http://kmplot.com/analysis) (35). 

Analysis in Tumor IMmune Estimation Resource (TIMER). 
TIMER is a resource for the analysis of immune cell infil-
trates in the microenvironment of various different types of 
cancer (36,37) (https://cistrome.shinyapps.io/timer). TIMER 
applies the deconvolution method to infer levels of tumor‑infil-
trating immune cells including B cells, CD4+ T cells, CD8+ 
T cells, neutrophils, macrophages and dendritic cells from 
gene expression profiles (32). TIMER also identifies the asso-
ciation between tumor purity and expression level of the input 
gene. Those genes that are highly expressed in the microen-
vironment are expected to demonstrate negative associations 
with tumor purity, while the opposite is expected for genes 
that are highly expressed in the tumor cells. The present study 
analyzed the association between PPIA expression with levels 
of immune infiltrates, as well as the associations between 
expression levels of PPIA and genes, of which the proteins 
were reported to interact with PPIA. By default, TIMER 
currently only provides information regarding the associations 
between PPIA expression and B cells, CD4+ T cells, CD8+ 
T cells, macrophages, neutrophils and dendritic cells. In addi-
tion to analyzing the associations between PPIA expression 
and the aforementioned cell types, the present study also 
investigated the associations between the immunomarkers of 
other immune cells, including natural killer cells, Treg cells 
and T cell exhaustion, and the expression levels of PPIA in 
order to gain an accurate representation of these immune cells 
and PPIA expression. The biomarkers for natural killer cells 
were killer cell immunoglobulin‑like receptor (KIR)3DL1, 
KIR2DS4, KIR2DL1, KIR3DL2, KIR2DL3, natural cytotox-
icity triggering receptor 2 and CD244 (38‑42). The biomarker 
selected for regulatory T  cells was forkhead box protein 
P3 (43‑45). PDCD1 and interleukin (IL)10 were selected as 
biomarkers for T cell exhaustion (46).

Statistical analysis. Survival curves were generated using 
UALCAN and Kaplan‑Meier Plotter. The results generated by 
Oncomine are presented with P‑values, fold‑changes and 
ranks. The threshold values of PrognoScan were corrected 
P=0.05 and Cox P=0.05. The results of the UALCAN 
and Kaplan‑Meier Plotter analyses are presented with the 
hazard ratio (HR) and P‑value, or Cox P‑values from a log‑rank 
test. The correlations in gene expression were assessed using 
Spearman's correlation tests to determine statistical signifi-
cance and the strength of the correlation was determined by 
following a guide for the absolute value: 0.00‑0.19, very weak; 
0.20‑0.39, weak; 0.40‑0.59, moderate; 0.60‑0.79, strong and 
0.80‑1.00, very strong. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Transcription levels of PPIA in cancer. Among the 20 assigned 
cancer types compared with normal tissues in the present study, 
under the criteria of a fold‑change of 1.5, PPIA transcription 
levels were upregulated in 35 datasets with 15 different types 
of cancer, including bladder cancer, brain cancer, colorectal 
cancer, head and neck cancer, kidney cancer, leukemia, liver 
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cancer, lung cancer, lymphoma, myeloma, ovarian cancer, 
pancreatic cancer, prostate cancer and sarcoma. The PPIA 
transcription levels were downregulated in 2 datasets with 
2  different types of cancer, including breast cancer and 
leukemia in the Oncomine database. In particular, PPIA was 
included in the top 1% of those upregulated in the five cancer 
types, including liver cancer, lymphoma, myeloma, ovarian 
cancer and prostate cancer (Fig. 1A). Further consultation in 
TIMER based on The cancer genome atlas (TCGA) demon-
strated that the PPIA transcription levels were all significantly 
upregulated in the 17  different types of cancer available, 
including bladder cancer, breast cancer, bile duct carcinoma, 
colorectal cancer, esophageal carcinoma, head and neck 
cancer, kidney chromophobe renal cell carcinoma, kidney renal 
clear cell carcinoma, kidney renal papillary cell carcinoma, 
liver hepatocellular carcinoma, lung adenocarcinoma, lung 
squamous cell carcinoma, prostate adenocarcinoma, rectum 
adenocarcinoma, stomach adenocarcinoma, thyroid carci-
noma and uterine corpus endometrial carcinoma, compared 
with normal adjacent tissue (P<0.001; Fig. 1B).

Prognostic potential of PPIA expression levels in cancer. The 
present study used PrognoScan to identify the association 
between PPIA expression levels and cancer prognoses. The 
survival rates of patients with lung cancer, breast cancer, 
colorectal cancer, brain cancer, ovarian cancer, skin cancer 
and blood cancer were associated with PPIA transcription 
level in various datasets (Table I). Overexpression of PPIA 
was associated with poor relapse free survival of lung adeno-
carcinoma in datasets GSE32210 and GSE8894 using various 
primers, and poor OS in datasets GSE32210, GSE13213, 
jacob‑00182‑UM and GSE13213. The OS in patients with 
squamous cell carcinoma of the lung was also associated 
with PPIA overexpression, as presented in Table I in dataset 
GSE4573 (HR, 5.57). In breast cancer, there was a certain level 
of contradiction, although the OS was revealed to be positively 
correlated with PPIA expression level (HR, 0.83) in dataset 

GSE9893, the other survival values of breast cancer were 
negatively correlated with PPIA expression, such as disease 
free survival in GSE4922‑GPL96 (HR, 6.99 and 6.07 with 
different primers), relapse free survival in GSE1456‑GPL96 
(HR, 7.41 and 7.12 with different primers), distant metastasis 
free survival in GSE11121, GSE9195 and GSE2990, and disease 
specific survival in GSE3494‑GPL96 and GSE1456‑GPL96. 
These results indicated that overexpression of PPIA was a risk 
factor for breast cancer progression and metastasis, and may be 
harnessed as a therapeutic target. The overexpression of PPIA 
was associated with the survival rates of patients with brain 
cancer (HR of OS, 8.47 and 7.34 with different primers), skin 
cancer (HR of OS, 209.26 and 151.59 with different primers) 
and multiple myeloma (HR of disease specific survival, 2.29; 
Table I). The only type of cancer where the survival values 
were coherently negatively correlated with PPIA expression 
was ovarian cancer (HR, 0.20 for OS; HR, 0.29 for disease 
free survival in dataset GSE26712) as presented in Table I. The 
data of the different primers in colorectal cancer from within 
the same dataset, GSE17537, were inconsistent, suggesting 
additional datasets were required.

As these outcomes were obtained from individual datasets 
for each type of cancer, the present study used UALCAN for 
further investigation into the prognostic potential of PPIA 
based on the type of cancer. Poor OS of low‑grade glioma 
(LGG), acute myeloid leukemia (LMAL), lung adenocarci-
noma (LUAD) and skin cutaneous melanoma (SKCM) were 
revealed to be associated with PPIA overexpression with 
P‑values of 0.019, 0.00025, 0.0039 and 0.039, respectively 
(Fig. 2A, C, D and E). Given the lack of LIHC datasets in 
PrognoScan and the early indication of the PPIA‑LIHC 
association, the present study also investigated the LIHC data 
in UALCAN and Kaplan‑Meier Plotter. It was revealed that 
overexpression of PPIA was also significantly correlated with 
poor OS of LIHC (P<0.0001; Fig. 2B and F).

In order to improve the current understanding of the 
prognostic effects of PPIA transcription, plots assessing tumor 

Figure 1. PPIA transcription levels in cancer tissues compared with normal tissues. (A) Comparison outcomes from datasets of Oncomine. PPIA was included 
in the top 1% of those upregulated in the five cancer types, including liver cancer, lymphoma, myeloma, ovarian cancer and prostate cancer. (B) The PPIA 
transcription levels were all upregulated in the 17 different types of cancer available showed by TIMER. *P<0.05, ***P<0.001. PPIA, peptidyl‑prolyl cis‑trans 
isomerase A; TIMER, Tumor IMmune Estimation Resource.
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grade and PPIA transcription level in LGG and LIHC were 
investigated using UALCAN. The expression level of PPIA 
was an independent and more effective predictor of OS than 
tumor grade in LIHC, but not in LGG (Fig. 3A and B). The 
prognoses of tumor grade 1, 2, 3 and 4 in those with high PPIA 
expression levels were all poorer than the prognoses of respec-
tive tumor grades with low or median PPIA expression levels 
in LIHC. The prognosis of low or median PPIA expression in 
every tumor grade was better than the prognosis of high PPIA 

expression in every tumor grade, as presented in Fig. 3B. Even 
the prognosis of grade 4 tumors with low or median expression 
levels of PPIA was better than the prognosis of grade 1 tumors 
with high PPIA expression levels, indicating that the PPIA 
expression level was an independent prognostic factor and 
that the prognostic value was more precise than the prognostic 
value of tumor grade in LIHC (Fig. 3B).

Furthermore, the present study investigated the prog-
nostic effect of PPIA expression in LIHC in detail using a 

Table I. Prognostic value of PPIA mRNA expression in different datasets determined by PrognoScan.

			   Corrected	 COX
Dataset	 Cancer type	 Endpoint	 P‑value	 P‑value	 HR (95% CI)

GSE31210	 LUAD	 Relapse free survival	 1.58x10‑10	 2.98x10‑11	 455.47 (74.93‑2768.73)
GSE31210	 LUAD	 Relapse free survival	 1.36x10‑10	 4.44x10‑11	 395.74 (66.79‑2344.72)
GSE31210	 LUAD	 Overall survival	 2.10x10‑06	 1.94x10‑05	 191.57 (17.18‑2136.01)
GSE31210	 LUAD	 Overall survival	 4.05x10‑05	 3.09x10‑05	 159.62 (14.68‑1735.14)
GSE9893	 BRCA	 Overall survival	 0.001131	 0.000161	 0.83 (0.75‑0.91)
GSE13213	 LUAD	 Overall survival	 0.001964	 0.000172	 2.55 (1.56‑4.15)
GSE13213	 LUAD	 Overall survival	 0.001602	 0.000288	 2.46 (1.51‑3.99)
GSE4922‑GPL96	 BRCA	 Disease free survival	 0.000787	 0.00043	 6.99 (2.37‑20.65)
GSE8894	 NSCLC	 Relapse free survival	 0.011737	 0.000637	 3.50 (1.71‑7.19)
GSE1456‑GPL96	 BRCA	 Relapse free survival	 0.013126	 0.000821	 7.41 (2.29‑23.98)
GSE8894	 NSCLC	 Relapse free survival	 0.020635	 0.000857	 3.36 (1.65‑6.85)
GSE1456‑GPL96	 BRCA	 Relapse free survival	 0.006499	 0.001082	 7.12 (2.19‑23.09)
GSE4922‑GPL96	 BRCA	 Disease Free survival	 0.002932	 0.002276	 6.07 (1.91‑19.34)
jacob‑00182‑UM	 LUAD	 Overall survival	 0.041268	 0.002379	 0.46 (0.28‑0.76)
GSE11121	 BRCA	 Distant metastasis free survival	 0.01496	 0.003358	 17.39 (2.58‑117.31)
GSE17537	 COADREAD	 Disease free survival	 0.008844	 0.004248	 0.01 (0.00‑0.20)
GSE9195	 BRCA	 Distant metastasis free survival	 0.008393	 0.004407	 29.78 (2.88‑307.85)
GSE26712	 OV	 Overall survival	 0.004054	 0.004925	 0.20 (0.06‑0.61)
GSE4412‑GPL96	 LGG	 Overall survival	 0.036877	 0.004997	 8.47 (1.91‑37.66)
GSE9195	 BRCA	 Distant metastasis free survival	 0.024659	 0.00592	 26.26 (2.56‑269.20)
GSE3494‑GPL96	 BRCA	 Disease specific survival	 0.047207	 0.008505	 6.92 (1.64‑29.27)
GSE3494‑GPL96	 BRCA	 Disease specific survival	 0.002599	 0.009594	 5.69 (1.53‑21.20)
GSE4412‑GPL96	 LGG	 Overall survival	 0.000433	 0.009663	 7.34 (1.62‑33.25)
GSE4573	 LUSD	 Overall survival	 0.0207	 0.010494	 5.57 (1.49‑20.73)
GSE1456‑GPL96	 BRCA	 Disease specific survival	 0.006336	 0.013111	 5.75 (1.44‑22.92)
GSE2658	 Multiple myeloma	 Disease specific survival	 0.034132	 0.013804	 2.29 (1.18‑4.44)
GSE13213	 LUAD	 Overall survival	 0.012258	 0.014126	 2.17 (1.17‑4.02)
GSE26712	 OV	 Disease free survival	 0.008361	 0.016461	 0.29 (0.11‑0.80)
GSE13213	 LUAD	 Overall survival	 0.021354	 0.018883	 1.94 (1.12‑3.37)
GSE19234	 SKCM	 Overall survival	 0.002576	 0.019303	 209.26 (2.38‑18399.93)
GSE13213	 LUAD	 Overall survival	 0.012258	 0.022418	 2.07 (1.11‑3.86)
GSE19234	 SKCM	 Overall survival	 0.002576	 0.023501	 151.59 (1.97‑11682.11)
GSE17537	 COADREAD	 Disease free survival	 0.006344	 0.024266	 20.40 (1.48‑281.27)
GSE17537	 COADREAD	 Disease free survival	 0.009107	 0.026693	 18.60 (1.40‑246.70)
GSE13213	 LUAD	 Overall survival	 0.011179	 0.031871	 1.83 (1.05‑3.17)
GSE2990	 BRCA	 Distant metastasis free survival	 0.030163	 0.044086	 5.10 (1.04‑24.91)

LUAD, lung adenocarcinoma; BRCA, breast invasive carcinoma; NSCLC, non‑small cell lung cancer; COADREAD, colorectal cancer; OV, 
ovarian serous cystadenocarcinoma; LGG, brain lower grade glioma; SKCM, skin cutaneous melanoma; HR, hazard ratio; CI, confidence 
interval.
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Kaplan‑Meier Plotter. In the hepatitis B virus (HBV)‑free, 
AJCC T3, sorafenib‑administered and stage 3 tumor groups, 
the PPIA expression level was a more robust method of 
predicting prognosis, with log rank P‑values of 0.0036, 0.0012, 
0.001 and 0.00044, respectively (Fig. 4). The prognostic value 
of PPIA overexpression in stage 3 and AJCC T3 groups implied 
that PPIA played a specific role in advanced LIHC, and may 
possess therapeutic value in advanced LIHC. The prognostic 
value of PPIA in the sorafenib‑administered group also indi-
cated that PPIA served a specific role in LIHC progression in 

the poorer OS subgroup of the sorafenib‑administered group, 
which meant that PPIA could serve as a therapeutic target 
specifically for sorafenib‑administered patients with LIHC. 

Association between PPIA expression levels and the immune 
cell infiltration levels in cancer. The association between 
PPIA expression levels and immune cell infiltration levels in 
the tumor microenvironment was investigated using TIMER 
in the present study. The purity of each solid tumor tested was 
not associated with PPIA expression level, suggesting that 

Figure 2. Kaplan‑Meier OS curves of cancer patients comparing PPIA high and low expression levels by UALCAN and Kaplan‑Meier Plotter. The OS curves 
of (A) LGG, (B) LIHC, (C) LUAD, (D) SKCM and (E) LMAL derived from UALCAN. (F) was derived from Kaplan‑Meier Plotter. OS, overall survival; 
PPIA, peptidyl‑prolyl cis‑trans isomerase A; LGG, brain lower grade glioma; LUAD, lung adenocarcinoma; SKCM, skin cutaneous melanoma; LIHC, liver 
hepatocellular carcinoma; LMAL, acute myeloid leukaemia.
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PPIA was not highly expressed by immune cells in the tumor 
microenvironment, but was more likely to be overexpressed 

in cancer cells (Table  II). However, certain associations 
were observed between PPIA expression level and immune 

Figure 4. Kaplan‑Meier OS curves of LIHC patients in different conditions comparing peptidyl‑prolyl cis‑trans isomerase A high and low expression levels by 
Kaplan‑Meier Plotter. The liver hepatocellular carcinoma OS curves of (A) stage 3, (B) AJCC T3, (C) HBV negative and (D) sorafenib‑administered subgroups 
respectively. OS, overall survival; HBV, hepatitis B virus; HR, hazard ratio.

Figure 3. Kaplan‑Meier OS curves of different grade cancer patients comparing PPIA high and low expression levels by UALCAN. The OS curves of different 
grades and PPIA expression levels of (A) LIHC and (B) LGG respectively. OS, overall survival; LGG, brain lower grade glioma; LIHC, liver hepatocellular 
carcinoma; PPIA, peptidyl‑prolyl cis‑trans isomerase A.
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cell infiltration levels, including CD4+ T cells and macro-
phages, in four solid tumors, particularly in LUAD and 
SKCM (Table  II). By default, TIMER can currently only 
provide the information regarding correlations between 
PPIA expression and B cells, CD4+ T cells, CD8+ T cells, 
macrophages, neutrophils and dendritic cells. In addition to 
identifying the correlations between PPIA expression and the 
aforementioned cell types, the present study also investigated 
the immunomarkers of other immune cells, including natural 
killer cells, Treg cells, T cell exhaustion and the expression 
level of PPIA in order to gain an accurate representation 
of the associations between these immune cells and PPIA 
expression. The associations between NK cells, Treg cells, 
T  cell exhaustion and PPIA expression were weak, with 
no biomarker observed as uniformly associated with PPIA 
expression level (Table III).

PPIA expression level is correlated with BSG and STAT3 
expression levels. BSG, STAT3 and ITK were reported to 
interact with PPIA on the protein level, and so the present study 

further investigated the associations between the expression 
levels of PPIA and these genes. BSG and STAT3 were corre-
lated with PPIA in each cancer type, with a positive correlation 
for BSG, and a negative correlation for STAT3 (Fig. 5). The 
expression levels of ITK were negatively correlated with PPIA 
in LIHC, LUAD and SKCM, but not LGG (Fig. 5). 

Discussion

In the present study, the expression level of PPIA was observed 
to be associated with the survival of patients with different 
types of cancer by narrowing down cancer types in various 
databases. The OS of patients with LGG, LMAL, LUAD, 
SKCM and LIHC were associated with PPIA expression level. 
The OS of LIHC was revealed to be highly associated with 
PPIA expression and the prognostic effect was independent of 
tumor grade. The disease free survival, relapse free survival, 
distant metastasis free survival and disease specific survival 
of breast cancer were also negatively associated with PPIA 
expression level.

Table II. Correlations between immune infiltrating cells and peptidyl‑prolyl cis‑trans isomerase A transcription level.

Cancer	 Cell types	 Correlation coefficient	 P‑value	 Statistic difference	 Correlation strength

LGG	 Purity	‑ 0.00865	 0.850256	 No	 Very weak
	 B Cell	‑ 0.08926	 0.051135	 No	 Very weak
	 CD8+ T cell	‑ 0.03738	 0.414905	 No	 Very weak
	 CD4+ T cell	‑ 0.16085	 0.000426	 Yes	 Very weak
	 Macrophage	‑ 0.19021	 3.13x10‑05	 Yes	 Very weak
	 Neutrophil	‑ 0.09131	 0.04671	 Yes	 Very weak
	 Dendritic cell	‑ 0.05931	 0.196445	 No	 Very weak
LIHC	 Purity	‑ 0.02851	 0.59712	 No	 Very weak
	 B Cell	‑ 0.04497	 0.405739	 No	 Very weak
	 CD8+ T cell	‑ 0.02699	 0.618908	 No	 Very weak
	 CD4+ T cell	‑ 0.21739	 4.78x10‑05	 Yes	 Weak
	 Macrophage	‑ 0.06422	 0.236874	 No	 Very weak
	 Neutrophil	‑ 0.18394	 0.000596	 Yes	 Very weak
	 Dendritic cell	‑ 0.1004	 0.064432	 No	 Very weak
LUAD	 Purity	 0.090959	 0.043308	 Yes	 Very weak
	 B Cell	‑ 0.27619	 6.36x10‑10	 Yes	 Weak
	 CD8+ T cell	‑ 0.12476	 0.005834	 Yes	 Very weak
	 CD4+ T cell	‑ 0.38104	 3.58x10‑18	 Yes	 Weak
	 Macrophage	‑ 0.25887	 7.24x10‑09	 Yes	 Weak
	 Neutrophil	‑ 0.24369	 5.84x10‑08	 Yes	 Weak
	 Dendritic cell	‑ 0.21245	 2.19x10‑06	 Yes	 Weak
SKCM	 Purity	 0.038591	 0.409982	 No	 Very weak
	 B Cell	‑ 0.13361	 0.004615	 Yes	 Very weak
	 CD8+ T cell	‑ 0.3377	 3.82x10‑13	 Yes	 Weak
	 CD4+ T cell	‑ 0.33597	 3.14x10‑13	 Yes	 Weak
	 Macrophage	‑ 0.36791	 5.75x10‑16	 Yes	 Weak
	 Neutrophil	‑ 0.46714	 7.02x10‑26	 Yes	 Moderate
 	 Dendritic cell	‑ 0.34575	 5.73x10‑14	 Yes	 Weak

CD, cluster of differentiation; LGG, brain lower grade glioma; LUAD, lung adenocarcinoma; SKCM, skin cutaneous melanoma; LIHC, liver 
hepatocellular carcinoma.
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Sorafenib was reported to improve the OS of inoper-
able patients with LIHC (HR, 0.69), although PFS was not 
improved (4). The OS of patients with high PPIA expression 
levels was significantly decreased compared with patients with 
low PPIA expression levels in the sorafenib‑administered group. 

This indicated that PPIA played a specific role in the progression 
of LIHC in the poorer OS subgroup of the sorafenib‑admin-
istered group and that inhibition of PPIA expression or PPIA 
inhibitor ciclosporin A may be beneficial for sorafenib‑adminis-
tered patients. The association between PPIA transcription level 

Table III. Correlation between transcription levels of immune markers and peptidyl‑prolyl cis‑trans isomerase A.

Cancer type	 Cell type	 Genes	 Correlation	 P‑value	 Correlation strength

LGG	 NK	 KIR3DL1	 0.0015	 0.97385	 Very weak
		  KIR2DS4	 0.0112	 0.80683	 Very weak
		  KIR2DL1	 0.0820	 0.07294	 Very weak
		  KIR3DL2	 0.0208	 0.64963	 Very weak
		  KIR2DL3	 0.0412	 0.36846	 Very weak
		  NCR2	‑ 0.0379	 0.40798	 Very weak
		  CD244	 0.1050	 0.02149	 Very weak
 	 Treg	 FOXP3	‑ 0.0679	 0.13784	 Very weak
	 T cell exhaustion	 PDCD1	 0.0772	 0.09136	 Very weak
 	  	 IL10	‑ 0.0735	 0.10823	 Very weak
LIHC	 NK	 KIR3DL1	‑ 0.1743	 0.00113	 Very weak
		  KIR2DS4	‑ 0.0291	 0.58918	 Very weak
		  KIR2DL1	 0.0016	 0.97592	 Very weak
		  KIR3DL2	‑ 0.0103	 0.84931	 Very weak
		  KIR2DL3	‑ 0.0264	 0.62414	 Very weak
		  NCR2	 0.0622	 0.24882	 Very weak
		  CD244	 0.0603	 0.26366	 Very weak
 	 Treg	 FOXP3	 ‑0.2146	 5.72x10‑05	 Weak
	 T cell exhaustion	 PDCD1	 0.0626	 0.24587	 Very weak
		  IL10	 0.0189	 0.72558	 Very weak
LUAD	 NK	 KIR3DL1	‑ 0.0965	 0.03209	 Very weak
		  KIR2DS4	‑ 0.0593	 0.18822	 Very weak
		  KIR2DL1	‑ 0.0846	 0.06032	 Very weak
		  KIR3DL2	‑ 0.0348	 0.44042	 Very weak
		  KIR2DL3	‑ 0.0415	 0.35798	 Very weak
		  NCR2	‑ 0.0189	 0.67590	 Very weak
		  CD244	‑ 0.0532	 0.23789	 Very weak
 	 Treg	 FOXP3	‑ 0.0824	 0.06729	 Very weak
	 T cell exhaustion	 PDCD1	‑ 0.0166	 0.71271	 Very weak
		  IL10	‑ 0.0876	 0.05174	 Very weak
SKCM	 NK	 KIR3DL1	‑ 0.0635	 0.17510	 Very weak
		  KIR2DS4	‑ 0.0132	 0.77886	 Very weak
		  KIR2DL1	‑ 0.0452	 0.33463	 Very weak
		  KIR3DL2	‑ 0.1534	 0.00099	 Very weak
		  KIR2DL3	‑ 0.1012	 0.03030	 Very weak
		  NCR2	‑ 0.0941	 0.04414	 Very weak
		  CD244	‑ 0.1413	 0.00244	 Very weak
 	 Treg	 FOXP3	‑ 0.0960	 0.04015	 Very weak
	 T cell exhaustion	 PDCD1	‑ 0.1698	 0.00027	 Very weak
 	  	 IL10	 ‑0.3034	 3.33x10‑11	 Weak

LGG, brain lower grade glioma; LUAD, lung adenocarcinoma; SKCM, skin cutaneous melanoma; LIHC, liver hepatocellular carcinoma; 
NK,  natural killer; IL, interleukin; FOXP3, forkhead box protein P3; CD, cluster of differentiation; NCR, natural cytotoxicity triggering 
receptor 2; KIR, killer cell immunoglobulin‑like receptor; Treg, regulatory T cell. The bold print is used to highlight stronger than ‘very weak’ 
correlations (absolute correlation value, 0.00‑0.19) in the ‘Correlation’ row and statistically significant values (P<0.05) in the ‘P‑value’ row.
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and OS of LIHC groups of sorafenib‑administered, HBV‑free, 
AJCC T3 and stage 3 tumors was more profound, suggesting 
that the high value of PPIA expression level could act as a prog-
nostic factor and demonstrates the potential of PPIA as a new 
therapeutic target for advanced LIHC in these settings.

There was no negative correlation observed between tumor 
purity levels and the expression levels of PPIA in the different 
types of cancer, suggesting that PPIA was not highly expressed 
in immune cells in the tumor microenvironment, but was more 
likely to be highly expressed in cancer cells. Notably, in the 
cancer types with more positive correlations between tumor 
purity and PPIA expression, the negative correlations between 
immune cells and PPIA expression levels tended to be more 
visible, which also implied that the PPIA expression upregula-
tion occurred in cancer cells rather than background immune 
cells. PPIA has been reported to be ubiquitously expressed in 
all 27 normal tissues tested (47). Furthermore, PPIA could be 
secreted from cancer cells, such as head and neck squamous 
cell carcinoma and HBV‑positive hepatoma cell spontaneously, 
or from epithelial breast cancer cells by irradiation (48‑50). 

PPIA was reported to interact with BSG, which could 
lead to decreased activity and proliferation of lympho-
cytes (19,51,52), causing immune inhibition of cancer cells. 
Studies by Lu et al (53) and de la Iglesia et al (54) demon-
strated that BSG overexpression was highly associated with 
poor prognosis of lung adenocarcinoma and breast cancer 

by stimulating the production of matrix metalloproteinases. 
Zhao et al (55) demonstrated that downregulation of BSG 
induced malignant melanoma cell apoptosis via the regulation 
of IGFBP2 expression. Lu et al (53) revealed that basolateral 
CD147 induced hepatocyte polarity loss by E‑cadherin ubiq-
uitination and degradation in the progression of hepatocellular 
carcinoma. Consistent with previous studies (19,51,52), the 
present study demonstrated that high PPIA expression levels 
in different types of cancer were positively correlated with 
high BSG expression and negatively correlated with high 
immune cell infiltrates, which could be a reason for the lower 
OS compared with patients with low PPIA expression levels. 

Previous studies indicated that STAT3 interacts with 
PPIA (23), suppressing PTEN loss‑induced malignant cell 
transformation in astrocytes  (54) and impairing invasive-
ness of intestinal tumors (56,57). The results of the present 
study revealed an inferior OS rate in the high PPIA and low 
STAT3 expression groups coincided with the results of the 
aforementioned studies.

ITK is a protein tyrosine kinase that participates in the 
intracellular signaling events leading to T cell activation and 
it is highly expressed in T cells (58). The activity of ITK could 
be silenced by PPIA (12). The present study demonstrated 
that the PPIA expression levels was negatively correlated with 
CD4+ T cell counts in three types of cancer tissue, with LGG 
excluded, which, according to previous studies (12,58), means 

Figure 5. Correlations between transcription levels of BSG, STAT3, ITK and PPIA in each cancer type generated from TIMER. As shown in (A-D) and (E-H), 
BSG and STAT3 correlated with PPIA in each cancer type, with a (A-D) positive correlation for BSG, and a (E-H) negative correlation for STAT3. As shown 
in (J-L) and (I), the expression levels of ITK were negatively correlated with PPIA in (K) LIHC, (J) LUAD and (L) SKCM, but not (I) LGG. LGG, brain lower 
grade glioma; LIHC, liver hepatocellular carcinoma; STAT3, signal transducer and activator of transcription 3; TIMER, Tumor IMmune Estimation Resource; 
BSG, basigin; PPIA, peptidyl‑prolyl cis‑trans isomerase A; ITK, interleukin‑2 tyrosine kinase; LUAD, lung adenocarcinoma; SKCM, skin cutaneous melanoma.
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that the expression levels of PPIA and ITK should be negatively 
correlated. ITK expression was negatively correlated with PPIA 
expression in three different types of cancer, with the excep-
tion of LGG. Further investigations into the literature revealed 
that glioblastoma and other types of cancer introduced into 
the intracranial compartment could harbor AIDS‑level CD4 
counts, which may be due to the sequestration of T cells caused 
by S1P1 loss from the T cell surface (59). A similar phenomenon 
occurred in immune cell infiltration, with CD4+ T cells being 
negatively correlated with PPIA expression at a weak level in 
three other types of cancer and the association with LGG was 
demonstrated to be very weak, with a correlation coefficient 
of ‑0.16085. Previous studies demonstrated that in inflamma-
tion, extracellular PPIA could recruit leukocytes by interacting 
with CD147. However, in the cancer‑infiltrating environment, 
this aspect of PPIA has not yet been studied and according to 
the results of the present study, this leukocyte chemoattractant 
effect of PPIA in the tumor infiltrating environment was not 
as strong as in the inflammation environment demonstrated by 
former studies (19,60‑62), suggesting that there may be other 
stronger effectors in the tumor environment. CD4+ T cells 
expressing more CD147 migrated more readily to PPIA (60). 
The association between PPIA and neutrophils remains to be 
elucidated. The neutrophils in SKCM were moderately corre-
lated with PPIA expression in the present study, which to the 
best of our knowledge, has not yet been reported, despite the 
abundance of studies indicating that neutrophils regulated by 
CXCL5 played an important role in the progression of mela-
noma (63‑65). Table III presents the associations between PPIA 
expression and biomarkers of natural killer cells, Treg cells and 
T cell exhaustion in the four different types of cancer, which 
were very weak, with only two exceptions of Treg cells in 
LIHC and IL10 in SKCM, which were both weakly correlated 
with PPIA expression.

To conclude, the present study demonstrated that PPIA 
expression was upregulated in all 17 types of cancer assessed 
when compared with normal tissues. The upregulation of 
PPIA was associated with poor OS of patients with LGG, 
LMAL, LUAD, SKCM and LIHC. In LIHC, the upregulation 
was strongly associated with poor overall of patients in the 
HBV‑free, AJCC T3, sorafenib‑administered and tumor stage 
3 groups, and the prognostic effect was independent of tumor 
grade. The expression of PPIA in these types of cancer may 
have a negative effect by interacting with BSG and STAT3.
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