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INTRODUCTION: Prostate-specificmembrane antigen (PSMA)was originally found to be specifically expressed in normal

prostate, and its expression was upregulated in almost all stages of prostate cancer. In recent years,

PSMA was also found to be expressed in tumor-associated vasculature in many nonprostatic solid

tumors. However, the expression pattern of PSMA in hepatocellular carcinoma (HCC) is not well

studied.

METHODS: In this study, we examined PSMA expression in 103 HCC tissues using immunohistochemical staining

and analyzed the association between PSMA expression and other clinicopathological features and

prognosis.

RESULTS: Among the 103 cases, 27 cases (26%) showed PSMA expression in more than 50% of tumor-

associated vasculature, 49 cases (48%) showedPSMA expression in less than 50%of vasculature, and

27 cases (26%) did not have detectable PSMA expression. Vascular PSMA expression was associated

with several clinicopathological features, such as tumor stage, tumor differentiation, lymph node

metastasis, and Ki-67 index. Furthermore, high vascular PSMA expression was also associated with

poor prognosis in patients with HCC. Univariate and multivariate analyses showed that high vascular

PSMA expression can be used as an independent prognostic marker for HCC.

DISCUSSION: Our study provides the evidence that PSMA is specifically expressed in tumor-associated vasculature

of HCC, and vascular PSMA expression may be used as a novel prognostic marker and a vascular

therapeutic target for HCC.
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INTRODUCTION
Tumor angiogenesis is a common feature of solid tumors.
Tumor-associated vasculature forms the pathological basis for
the growth, invasion, and metastasis of solid tumors. Specific
inhibition on vascularization in solid tumors has been proven to
be an effective strategy for cancer treatment (1). The inhibition on
tumor neovascularization can be achieved through interfering
with angiogenic growth factors or directly targeting themolecules
that are specifically expressed in tumor-associated vasculature.
However, the angiogenic growth factors and molecular markers
on tumor blood vessels are also shared by nonmalignant con-
ditions (2). Thus, it is of vital importance to identify molecular

markers that are specifically expressed in tumor-associated vas-
culature, which will definitely promote more accurate targeted
therapy for solid tumors.

Prostate-specific membrane antigen (PSMA) is a type II
transmembrane protein, which contains a large extracellular
domain, a transmembrane domain, and a short intracellular
domain. PSMA was originally found to be specifically expressed
in the epithelial cells of normal prostate. Later on, many studies
reported that PSMA expression was upregulated in almost all
stages of prostate cancer (PCa), and its expression is much higher
in poorly differentiated, metastatic, and hormone-refractory
cases (3–7). Thus, PSMAhas been considered to be an ideal target
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for PCa therapy (8–10). Recent years, more and more literatures
reported that PSMA was also expressed in the vasculature of
many cancer types, such as breast cancer, lung cancer, gastric
cancer, colorectal cancer, pancreatic cancer, renal cell carcinoma,
and bladder cancer, but not in normal vascular endothelial cells
(11–25). Thus, PSMA has also been considered to be an effective
target for the cancer types with vascular PSMA expression (8,10).
However, its expression pattern in hepatocellular carcinoma
(HCC) is not well studied.

In this study, we examined PSMA expression in 103 HCC
samples by immunohistochemistry (IHC) staining and analyzed
the association between its expression and other clinicopatho-
logical features and prognosis. We found that PSMA is specifi-
cally expressed in tumor-associated vasculature in a subset of
HCC samples. We also found that vascular PSMA expression is
correlated with other clinicopathological features and poor
prognosis. Our results indicated that vascular PSMA expression
may be used as a novel prognosticmarker and a therapeutic target
for HCC.

METHODS
Patients

This study was approved by the Ethics Committee of Fourth
Military Medical University, and all participating patients have
given their written informed consent. In this study, 103 HCC
tissue samples were obtained from patients who underwent sur-
gery at Xijing Hospital from 2010 to 2017. Formalin-fixed
paraffin-embedded tumor blocks were obtained from the De-
partment of Pathology of Xijing Hospital. Patients were followed
up from the date of surgery, with an average follow-up period of
50 months (1–116 months). Detailed pathology diagnosis was
provided by experienced pathologists according to the seventh
edition of the American Joint Committee on Cancer staging
manual. Clinical information was derived from the electronic
medical record.

IHC staining

A 4-mm thick tissue piece was cut from a representative wax block
andplacedona glass slide, dewaxedbyxylene, anddehydratedwith
gradient alcohol; then, antigen retrieval was performed at high
temperature and pressure in 10 nM, pH 6.0 citrate buffer. After
endogenous peroxidasewas inactivated, sectionswere blockedwith
nonimmune serum and incubated with primary antibody in a hu-
midified box for overnight at 4 °C. After being washed 3 times with
phosphate buffered saline, sections were incubated with horse-
radish peroxidase-labeled secondary antibody at room tempera-
ture for 30 minutes, followed by 3 times wash with phosphate
buffered saline again. Diaminobenzidine was used as a chromogen
substrate. Sections were then counterstained with hematoxylin,
raised inwater, dehydrated in ascending concentrations of ethanol,
followed by clearance with xylene, and cover slipped permanently
for light microscopy observation. Anti-PSMA antibody (#12815)
and Anti-CD31 antibody (#3528) were purchased from Cell Sig-
naling Technology. The IHC staining kit was purchased from
FuzhouMaixin Biotech. All procedures were performed according
to the manufacturer’s instructions.

Evaluation of IHC staining

CD31 staining in serial sections was used to identify tumor-
associated vasculature. For the evaluation of vascular PSMA
expression, first, we randomly selected 5 fields under low

magnification (3100) and counted the number of CD311 vas-
cular structures, then we chose the fields with microvessel
density greater than 40 as hot spot area, and last, we examined
PSMA expression in 3 fields under high magnification (3200).
Vascular PSMA expression was assessed in a semiquantitative
manner. Lesions with no detectable PSMA expression were
scored as “0”; lesions with PSMA staining in 1%–50% of CD311

vasculatures were scored as “1”; and lesions with PSMA staining
in .50% of CD311 vasculatures were scored as “2.” For statis-
tical analysis, samples with a staining score of 0 and 1 were
grouped as “low PSMA expression,” and samples with a staining
score of 2 were grouped as “high PSMA expression.”

Statistical analysis

All statistical analysis was performed using IBM SPSS statistical
software (version 23). Descriptive statistics, such as median,
range, and absolute and relative frequencies, were calculated to
define the study cohort characterizations. The x2 test was used to
assess the association between PSMA expression and various
clinicopathological features. Survival time is defined from the day
of surgery until death. Survival curve was generated using the
Kaplan-Meier method and compared using the log-rank test.
Hazard ratios with corresponding 95% confidence intervals were
estimated using Cox proportional hazards models. P values
, 0.05 were considered to be statistically significant.

RESULTS
PSMA is specifically expressed in tumor-associated vasculature

in HCC

Among the 103 HCC samples, 27 samples (26%) did not show
detectable PSMA expression (score 0), 49 samples (48%) showed
PSMAexpression in#50% of tumor-associated vasculature (score
1), and 27 samples (26%) showed PSMA expression in .50% of
tumor-associated vasculature (score 2). PSMA expression was not
observed in HCC tumor cells in all the samples we examined. In
addition, we also examined PSMA expression in 5 normal liver
tissues; PSMAwas also not observed in all these normal liver tissues
(data not shown). Representative IHC staining results inHCCwith
different PSMA expression was shown in Figure 1a,c, and e. Vas-
cular structure was also confirmed by the staining of CD31, a well-
established endothelial cell marker (Figure 1b,d, and f). These
results demonstrate that PSMA was specifically expressed in
tumor-associated vasculature in HCC.

Vascular PSMA expression is associated with other

clinicopathological features in HCC

All clinicopathological features of the patients were summarized
in Table 1. The association between vascular PSMA expression
and other clinicopathological features was presented in Table 2.
Patients were divided into 2 groups based on PSMA expression in
tumor-associated vasculature. No significant association was
found between vascular PSMA expression and age or sex. How-
ever, patients with moderate/poorly differentiated tumors were
more likely than patients with well-differentiated tumors to have
high PSMA expression (P 5 0.0005). Patients with high tumor
stage and lymph node metastasis were also prone to have high
PSMA expression (P 5 0.004; P 5 0.023). Tumor-node-
metastasis (TNM) stage was also found to be associated with
PSMA expression, and patients with TNMstage III/IVweremore
likely than patients with TNM stage I/II to have high PSMA
expression (P5 0.007).We also analyzed the association between
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PSMA expression and Ki-67 proliferation index. All the samples
were divided into 2 groups according to Ki-67 index, 1 groupwith
Ki-67 index .10% and the other with Ki-67 index #10%, since
Ki-67 index of normal liver tissue was less than 10% (26). We
found that patients with high Ki-67 index were tended to have
high PSMA expression than patients with low Ki-67 index. These
results indicate that vascular PSMA expression is associated with
other clinicopathological features, such as tumor differentiation,
tumor stage, lymph nodemetastasis, TNM stage, andKi-67 index
in HCC.

Vascular PSMA expression predicts poor prognosis in HCC

To further evaluate the prognostic value of vascular PSMA
expression in HCC, we analyzed the relationship between

PSMA expression and overall survival (OS). Survival curve of
patients with different PSMA expression was generated using
Kaplan-Meier analysis and a log-rank test. As shown in Figure 2,
significant difference in OS was found between patients with high
PSMA expression and low PSMA expression (P, 0.001). Patients
with high PSMA expression tended to have an increased risk of
death than patients with low PSMA expression. We also analyzed
prognostic factors for OS using Cox regression analysis (Table 3).
Univariate analysis showed that vascular PSMA expression (P ,
0.001), tumor stage (P , 0.001), lymph node metastasis (P ,
0.001), distant metastasis (P 5 0.032), TNM stage (P , 0.001),
tumor differentiation (P5 0.002), and Ki-67 (P5 0.001) were all
associated with prognosis of HCC. Multivariate analysis revealed
that vascular PSMA expression (P 5 0.013) and TNM stage

Figure 1. Representative IHC staining results to show PSMA expression in tumor-associated vasculature of HCC. (a, c, and e) Representative pictures to
show different PSMA expression levels in HCC. (a) No PSMA expression (score 5 0); (c) positive PSMA expression in#50% of tumor-associated
vasculature (score5 1); (e) positive PSMA expression in.50% of tumor-associated vasculature (score5 2) (scale bar5 100 mm). (b, d, and f)
Representative pictures to show CD31 expression in serial sections; arrowheads indicate the microvascular structure (scale bar5 100 mm). HCC,
hepatocellular carcinoma; IHC, immunohistochemistry; PSMA, prostate-specific membrane antigen.
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(P 5 0.007) were associated with OS. These results indicate that
vascular PSMA expression could be used as an independent
prognostic marker in HCC.

DISCUSSION
The growth of solid tumor is critically dependent on their ca-
pacity to acquire blood supply, and it has been demonstrated that
targeted destruction of tumor vasculature is an effective strategy
for solid tumor treatment. Angiogenesis inhibitors have been
shown to have effective antitumor activity in a broad spectrum of
cancer types (1,27). However, novel molecular targets that are
specifically expressed in tumor-associated vasculature are ur-
gently needed.

PSMA is a transmembrane protein, which was originally
found to be expressed in normal prostate tissue. Later, its ex-
pression was found to be upregulated in almost all stages of PCa
tissues, making it an ideal target for the therapy of PCa (8–10). In
recent years, researchers have found that PSMA is also selectively
expressed in tumor-associated vasculature in a variety of solid

Table 1. Clinicopathological features of 103 patients with

hepatocellular carcinoma

Clinicopathological features No. of patients (%)

Sex

Male 69 (67)

Female 34 (33)

Age, yrs

Mean 53

Range 17–81

Tumor differentiation

Well 42 (41)

Moderately 37 (36)

Poorly 24 (23)

T stage

T1 61 (59)

T2 24 (23)

T3 16 (16)

T4 2 (2)

N stage

N0 85 (83)

N1 18 (17)

M stage

M0 100 (97)

M1 3 (3)

TNM stage

I 59 (57)

II 17 (17)

III 8 (8)

IV 19 (18)

TNM, tumor-node-metastasis.

Table 2. Correlation between vascular PSMA expression and

clinicopathological features in patients with hepatocellular

carcinoma (n 5 103)

Clinicopathological

features N

Vascular

PSMA

expression

x2 P valueLow High

Age 0.003 0.954

,60 75 54 21

$60 28 20 8

Sex 0.537 0.464

Male 69 48 21

Female 34 26 8

Tumor differentiation 12.170 0.0005a

Well 42 38 4

Moderately/poorly 61 36 25

Tumor stage 8.095 0.004a

T1–2 85 66 19

T3–4 18 8 10

Lymph node metastasis 5.145 0.023a

N0 85 65 20

N1 18 9 9

TNM stage 7.231 0.007a

I–II 76 60 16

III–IV 27 14 13

Ki-67 5.042 0.025a

,10% 35 30 5

$10% 68 44 24

PSMA, prostate-specific membrane antigen; TNM, tumor-node-metastasis.
aStatistically significant (P, 0.05).

Figure 2. Kaplan-Meier survival curve to show the correlation between
vascular PSMA expression and overall survival in patients with HCC. HCC,
hepatocellular carcinoma; PSMA, prostate-specific membrane antigen.
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tumors (11–25). Thus, PSMA has also been considered to be an
effective vascular target for these cancer types (8,10).

Vascular PSMA expression has been shown to be correlated
with other clinicopathological features andmay predict prognosis
in certain cancer types. For example, in oral squamous cell car-
cinoma, significant difference in OS was observed between high/
lowvascular PSMAexpression, and highPSMAexpression can be
used as an independent marker for poor prognosis (11). In breast
cancer, vascular PSMA expression has also been shown to be
correlated with other clinicopathological features, such as tumor
size, Ki-67 proliferation index, and 10-year OS (13).

Until now, the expression pattern of PSMA in HCC has
not been systemically studied. Recently, Kesler et al. reported
that 68Ga-PSMA PET-CT (positron emission tomography-
computed tomography) can be used for the imaging of HCC,
and 68Ga-PSMA was mainly taken up by tumor microvessels in
HCC lesions. Based on these findings, they performed IHC
staining of PSMA in 5 HCC samples and found that PSMA was
intensely expressed in tumor microvessel in these samples (28).

In our study, we evaluated PSMA expression in 103 patients
with HCC using IHC staining and confirmed that PSMA is spe-
cifically expressed in the vasculature of HCC, and its vascular
expression is significantly correlated with other clinicopatho-
logical features such as tumor stage, tumor differentiation, lymph
nodemetastasis, TNM stage, andKi-67 index.We also found that
patients with high vascular PSMA expression tended to have
shorter OS than patients with low vascular PSMA expression. In
addition, using Cox regression analysis, we found that high vas-
cular PSMA expression is closely correlated with poor prognosis
of patients with HCC and can be used as an independent prog-
nosticmarker inHCC. Because the sample number in this study is
still not big enough, we believe that more studies with increased
sample numbers are still needed to confirm the prognostic value
of vascular PSMA expression in HCC.

Previously, PSMAhas been shown to play an important role in
angiogenesis. Conway et al. found that angiogenesis is severely
impaired in PSMA-null animals, and PSMA may promote en-
dothelial cell invasion and angiogenesis through an autor-
egulatory loop involving laminin-specific integrin and PAK1

(p21-activated kinase 1) (29). They also found that matrix met-
alloproteinase 2 and PSMA sequentially digest laminin into small
peptides, which can enhance endothelial cell adhesion and mi-
gration through integrin a6b1 and focal adhesion kinase, thus
promoting angiogenesis (30,31). However, more studies are still
needed to clarify the detailed mechanism how PSMA regulates
angiogenesis.

PSMA has a large extracellular domain, which can be recog-
nized by antibodies, peptides, RNA aptamers, and small mole-
cules, making it an ideal molecule for targeted therapy (32–34).
PSMA-targeted therapy has been well studied in metastatic PCa
(35–37). Because of its specific vascular expression in non-
prostatic solid tumors, PSMA has also been examined as a vas-
cular target for the therapy of these tumors. For example, phase I
trials of 111In-labeled monoclonal antibody J591 against PSMA
were performed in multiple solid tumor types including kidney,
bladder, lung, breast, colorectal and pancreatic cancers, and
melanoma. Results confirmed that tumor vasculature of these
solid tumors can be selectively and safely targeted using this an-
tibody (38,39). Because PSMA was also specifically expressed in
the vasculature of HCC, these PSMA targeting strategiesmay also
be applied for HCC treatment.

In summary, the current findings confirmed that vascular
PSMA expression exists in a subset of HCC samples, and vascular
PSMA expression is correlated with other clinicopathological
features and can be used as an independent prognosticmarker for
HCC. Thus, we conclude that PSMA can be used as a novel
prognostic marker and a therapeutic vascular target in HCC.
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