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Summary Heat shock proteins are a highly conserved group of cellular proteins and are up-expressed in hepato-
cellular carcinoma (HCC). As a member of the heat shock protein-90 family, glycoprotein 96 (gp96) modulates
immunity and tumorigenicity, is increased during the development of HCC from normal liver tissue, and is consid-
ered a pro-oncogenic chaperone. However, the prognostic value of gp96 has not beenwell clarified. The purpose of
this studywas to investigate the relationship between gp96 and survival of postoperativeHCCpatients. The expres-
sions of gp96 protein and messenger RNA were measured by immunohistochemistry and real-time quantitative
polymerase chain reaction, respectively. The relations between gp96 expression level and clinicopathological fac-
tors were analyzed. Kaplan-Meier survival and Cox regression analyses were used to identify factors associated
with prognosis. All normal liver tissue exhibited low gp96 expression, whereas high gp96 expression was present
in 54% of HCC tissues. The expression of gp96 protein was inversely correlated with TNM stage (P = .037) and
tumor recurrence (P = .004). Low gp96 expression was an independent risk factor for poor postoperative
disease-free survival (hazard ratio, 0.385; 95% confidence interval, 0.226-0.655; P b .001), and overall sur-
vival (hazard ratio, 0.345; 95% confidence interval, 0.187-0.637; P = .001). Stratification analysis indicated
that high gp96 had better predictive value for tumor recurrence in HCC patients with normal serum α-fetoprotein
levels orwithTNMstage I and tumor differentiation I-IIHCC. In conclusion, gp96 is a potential and reliable prog-
nostic biomarker for tumor recurrence and overall survival in HCC patients after curative resection.
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1. Background in a murine model. Rachidi et al [12] and Chen et al [13] found
Hepatocellular carcinoma (HCC) is a very common and se-
rious malignancy with high morbidity and high mortality; it is
the sixth most common cancer and the third cause of cancer-
related death globally [1]. Although most cases of HCC occur
in Eastern Asia and sub-Saharan Africa, the incidence in some
developed countries such as Japan, the United Kingdom,
France, and the United States has been increasing [2]. The in-
creasing incidence and the lack of effective treatment of HCC
have made the disease a major worldwide health problem.
Therefore, it is important to uncover the mechanisms of
HCC and find effective biomarkers and therapeutic targets.

Heat shock proteins (HSPs) are a group of highly conserved
proteins that are produced during stress and are involved in
several aspects of cellular homeostasis. Glycoprotein 96
(gp96) is a major endoplasmic reticulum chaperone protein
that assists in protein folding, processing, and secretion, and
is the endoplasmic reticulum counterpart of HSP90 [3]. Be-
cause gp96 chaperons multiple essential proteins, such as
TLRs (except TLR3) [4], Wnt co-receptor LRP6 [5], GARP
[6], GPIb [7], and insulin-like growth factor [8], as well as
most integrin subunits [9,10], which are involved in various
stages of cancer development, gp96 is considered a pro-onco-
genic chaperone.

Wu et al [11] reported that liver gp96 protein level in-
creased with the development of HCC from normal liver tissue
Fig. 1 The expression of gp96 protein and mRNA. High expression of gp9
HCC tissues (C and D) and in the normal liver tissues (E; original magnific
that gp96 was necessary for the development of HCC and con-
sidered it a pro-oncogenic chaperone. Yao et al [14] showed
that gp96 was strongly expressed in HCC (73.3%; 22/30),
and in particular in HCC in patients who were hepatitis B virus
DNA positive (89.5%; 17/19). Lim et al [15] and Zhu et al [16]
also reported that the expression of gp96 increased along with
the stepwise progression of HCC development. Furthermore,
Yao et al [14] and Lim et al [15] both reported that gp96 ex-
pression in HCC tissue was correlated with the degree of tu-
mor differentiation and tumor size.

However, in the aforementioned studies, the sample sizes
were small, and no information on the relation between gp96
protein level in HCC and survival rate was reported. Thus,
the current study was to examine the prognostic value of
gp96 in HCC patients who underwent curative resection.
2. Materials and methods

2.1. Study population

This study was approved by the ethics review committee of
the First AffiliatedHospital of SunYat-sen University. Eighty-
four patients with HCC who received hepatectomy at our cen-
ter from June 2007 to October 2009 were included in this
6 protein in HCC tissues (A and B), low expression of gp96 protein in
ation ×400), and the expression of gp96 mRNA (F).

Image of Fig. 1
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study. The inclusion criteria were as follows: (1) TNM stage I,
II, IIIA, or IIIB (International Union Against Cancer, seventh
edition); (2) Child-Pugh class A and class B hepatic function;
(3) 18 to 80 years old; and (4) provided written informed con-
sent. The exclusion criteria were as follows: (1) TNM stage
IIIC, IVA, or IVB; (2) Child-Pugh class C hepatic function;
(3) secondmalignancy or history of secondmalignancy within
Table 1 Correlation between gp96 and the clinicopathological characte

Variables Cases gp9

Lo

Age (y)
≥60 16 5
b60 68 34

Sex
Male 68 32
Female 16 7

HbsAg
Positive 72 34
Negative 12 5

ALT (U/L)
≥80 9 5
b80 75 34

PLT (×109)
N100 74 34
≤100 10 5

Cirrhosis
Yes 64 29
No 20 10

AFP (μg/L)
≥20 36 16
b20 48 23

Tumor size (cm)
≥5 50 27
b5 34 12

Tumor no.
Single 62 25
Multiple 22 14

Differentiation
I-II 62 30
III 22 9

TNM stage
I 55 21
II-III 29 18

PVTT
No 73 32
Yes 11 7

Tumor encapsulation
Complete 64 28
None 20 11

Recurrence
Yes 58 33
No 26 6

Complication
No 73 33
Yes 11 6

Abbreviations: ALT, alanine aminotransferase; HbsAg, hepatitis B surface antigen
the prior 5 years; (4) perioperative dysfunction of vital organs;
(5) prior percutaneous ablation; (6) prior transcatheter arterial
chemoembolization; and (7) received chemotherapy or radio-
therapy within 1 month after surgery. All patients were
followed up postoperatively as described in our previous study
[17]. Normal liver tissue and HCC tissue were collected and
prepared as described in our previous study [17].
ristics in HCC tissues

6 expression in HCC tissues P

w High

(31.3%) 11 (68.7%) .176
(50.0%) 34 (50.0%)

(47.1%) 36 (52.9%) .811
(43.8%) 9 (56.2%)

(47.2%) 38 (52.8%) .721
(41.7%) 7 (58.3%)

(55.6%) 4 (44.4%) .855
(45.3%) 41 (54.7%)

(45.9%) 40 (54.1%) .809
(50.0%) 5 (50.0%)

(45.3%) 35 (54.7%) .714
(50.0%) 10 (50.0%)

(44.4%) 20 (55.6%) .752
(47.9%) 25 (52.1%)

(58.0%) 23 (42.0%) .092
(35.3%) 22 (64.7%)

(40.3%) 37 (59.7%) .06
(63.6%) 8 (36.4%)

(48.4%) 32 (51.6%) .546
(40.9%) 13 (59.1%)

(38.2%) 34 (61.8%) .037
(62.1%) 11 (37.9%)

(43.8%) 41 (56.2%) .220
(63.6%) 4 (36.4%)

(43.8%) 36 (56.2%) .379
(55.0%) 9 (45.0%)

(56.9%) 25 (43.1%) .004
(23.1%) 20 (76.9%)

(45.2%) 40 (54.8%) .563
(54.5%) 5 (45.5%)

; PLT, platelet.
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2.2. Immunohistochemical analysis

Immunohistochemical analysis and slide evaluation were
performed as previously described [17]. Rat monoclonal
anti-gp96 antibody (ADI-SPA-850; Enzo Life Sciences, New
York, USA) was used in the immunohistochemical analysis
(1:100 dilution).

2.3. Evaluation of immunohistochemical staining

Immunohistochemical staining in the tissue was scored in-
dependently by 2 pathologists blinded to the clinical data using
a semiquantitative immunoreactivity score reported previously
[17]. The intensity of immunostaining was graded 0 to 3 (0,
negative; 1, weak; 2, moderate; 3, strong; category A). The
percentage of immunoreactive cells was classified as 0
(b5%), 1 (6%-25%), 2 (26%-50%), 3 (51%-75%), and 4
(76%-100%; category B). Multiplication of categories A and
B resulted in an immunoreactivity score ranging from 0 to
12 for each tissue specimen. Sections with a total score of 0,
1, or 2 were defined as negative (−), a score of 3 or 4 was de-
fined as weakly positive (+), a score of 6 or 8 was defined as
moderately positive (++), and a score of 9 or 12 was defined
as strongly positive (+++). For categorical analyses, the immu-
noreactivity was graded as low expression level (total
score ≤8) or high expression level (total score N8).

2.4. Real-time quantitative polymerase chain reaction

From June 2016 to August 2016 at our center, fresh HCC
tissue (n = 24), corresponding adjacent tissue (n = 24), and
Fig. 2 Kaplan-Meier curves are shown for time to disease recurrence (A
patients with high or low gp96 protein expression.
normal liver tissue (n = 4) were collected immediately after
resection for detection of gp96 messenger RNA (mRNA) ex-
pression. Of the 24 HCC cases, 13 were TNM stage I (early
stage HCC) and 11 were TNM stage II or III (advanced-stage
HCC). RNA was extracted by TRIzol reagent (Thermo Fisher
Scientific,Waltham,MA) according to a general protocol. The
cDNA was synthesized using a cDNA synthesis kit (Takara
Biotechnology, Shiga, Japan) in accordance with manufactur-
er's instructions. The cDNAwas performed to real-time quan-
titative polymerase chain reaction (PCR) by using the SYBR
Green PCR kit (Toyobo, Osaka, Japan), and the reaction was
performed using a Bio-rad IQ5 PCR system (Bio-Rad, Hercu-
les, CA). GAPDHwas used as an internal control. The relative
gene expressions were quantified and analyzed. The primers
were obtained from the Genecopia Company (Guangzhou,
China).
2.5. Statistical analysis

Normally distributed continuous variables were
compared using the Student t test. Categorical variables
were compared using the χ2 test. Disease-free survival
(DFS) was defined as the interval from surgery to recurrence,
whereas overall survival (OS) was defined as the interval from
surgery to HCC-associated death. The univariate and
multivariate analyses and the Kaplan-Meier method were
used to analyze survival rates, and survival curves were
compared using a log-rank test. AP value b.05 was considered
to indicate statistical significance. All analyses were
performed using IBM SPSS software, version 20 (IBM,
Armonk, NY).
, P b .001, log-rank test) and OS (B, P = .001, log-rank test) among

Image of Fig. 2


Table 2 Prognostic factors for DFS and OS by univariate analysis

Variables n DFS P OS P

1 y 3 y 5 y 1 y 3 y 5 y

Age (y)
b60 68 45.6% 32.4% 27.7% .11 82.4% 48.5% 39.7% .39
≥60 16 62.5% 56.3% 49.2% 75.0% 62.5% 56.3%

Sex
Male 68 47.1% 36.8% 30.5% .43 79.4% 50.0% 41.2% .48
Female 16 56.3% 37.5% 37.5% 87.5% 56.3% 50.0%

HCC family history
Yes 6 50.0% 33.3% 16.7% .62 83.3% 50.0% 50.0% .63
No 78 48.7% 37.2% 33.3% 79.5% 51.3% 42.3%

HBsAg
Positive 72 47.2% 38.9% 33.3% .90 79.2% 50.0% 44.4% .88
Negative 12 58.3% 25.0% 25.0% 91.7% 58.3% 33.3%

PLT (×109)
N100 74 44.6% 33.8% 28.2% .07 78.4% 47.3% 39.2% .08
≤100 10 80.0% 60.0% 60.0% 100.0% 80.0% 70.0%

AFP (μg/L)
b20 48 52.8% 38.9% 38.9% .34 83.3% 50.0% 44.4% .75
≥20 36 45.8% 35.4% 26.3% 79.2% 52.1% 41.7%

Ascites
No 68 52.9% 39.7% 34.1% .14 83.8% 51.5% 44.1% .55
Yes 16 31.3% 25.0% 25.0% 68.8% 50.0% 37.5%

Cirrhosis
Yes 64 50.0% 37.5% 32.9% .78 76.6% 48.4% 42.2% .49
No 20 45.0% 35.0% 30.0% 95.0% 60.0% 45.0%

Tumor no.
Single 62 59.7% 43.5% 36.9% .003 85.5% 61.3% 51.6% b.001
Multiple 22 18.2% 18.2% 18.2% 68.2% 22.7% 18.2%

PVTT
No 73 54.8% 41.1% 35.3% b.001 87.7% 56.2% 47.9% b.001
Yes 11 9.1% 9.1% 9.1% 36.4% 18.2% 9.1%

Tumor size (cm)
≥5 50 38.0% 30.0% 28.0% .05 70.0% 40.0% 36.0% .04
b5 34 64.7% 47.1% 39.2% 97.1% 67.6% 52.9%

Tumor encapsulation
None 20 30.0% 25.0% 15.0% .01 60.0% 45.0% 30.0% .08
Complete 64 54.7% 40.6% 37.7% 87.5% 53.1% 46.9%

Resection margin (cm)
b2 45 40.0% 26.7% 24.4% .07 80.0% 40.0% 28.9% .01
≥2 39 59.0% 48.7% 39.6% 82.1% 64.1% 59.0%

Complication
No 73 49.3% 38.4% 33.1% .37 84.9% 53.4% 45.2% .10
Yes 11 45.5% 27.3% 27.3% 54.5% 36.4% 27.3%

Tumor differentiation
I-II 62 54.8% 41.9% 35.1% .21 85.5% 56.5% 48.4% .04
III 22 31.8% 22.7% 22.7% 68.2% 36.4% 27.3%

TNM stage
I 55 60.0% 43.6% 38.0% .01 90.9% 60% 52.7% .001
II-III 29 27.6% 24.1% 20.7% 62.1% 34.5% 24.1%

gp96 expression
Low 39 28.2% 17.9% 15.4% b.001 69.2% 35.9% 23.1% b.001
High 45 66.7% 53.3% 46.3% 91.1% 64.4% 60.0%

Abbreviations: HBsAg, hepatitis B surface antigen; PLT, platelet.
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3. Results

3.1. Expression of gp96 protein and mRNA in HCC

To detect the level of gp96 protein expression in HCC, we
performed immunohistochemical staining on 84 HCC tissues
and 20 normal liver tissues. The gp96 protein expression was
localized mainly in the cytoplasm, with some detected on the
cell membranes. We found that the positive immunostaining
of gp96 was present in all tissues; however, gp96 expression
was low in all normal liver tissues, but a high level of gp96 ex-
pression was present in 45 (54%) of 84 HCC tissues (Fig. 1).

To investigate the expression level of gp96mRNA inHCC tis-
sues, real-time PCRwas used. Twenty-four pairs of HCC and cor-
responding adjacent tissues and 4 normal liver tissue specimens
were examined. The expression of gp96mRNAwas significantly
increased in HCC tissue as compared with the corresponding ad-
jacent tissues and normal liver tissue (P = .027 and P = .026).
Moreover, gp96mRNA expression in corresponding adjacent tis-
sue was also greater than that in normal liver tissue (P = .001). In
addition, gp96 mRNA expression in early-stage HCC was
greater compared with advanced-stage HCC (P = .012; Fig. 1).

3.2. Correlation between gp96 protein expression
and clinicopathological characteristics

To examine the prognostic value of gp96 protein expres-
sion, the relations between gp96 expression and 15 clinico-
pathological characteristics were analyzed (Table 1). The
expression of gp96 was inversely correlated with TNM stage
(P = .037) and tumor recurrence (P = .004). However, gp96
expression was not associated with the other clinicopathologi-
cal characteristics including age, sex, hepatitis B surface anti-
gen, alanine aminotransferase, platelet count, cirrhosis, α-
fetoprotein (AFP), tumor number, tumor size, tumor differen-
tiation, portal vein tumor thrombi (PVTT), tumor encapsula-
tion, and postoperative complications (all, P N .05).

3.3. Low expression of gp96 in HCC tissue predicts
poor outcomes

The patients were divided into 2 groups: high expression
group (n = 45) and low expression group (n = 39) according
Table 3 Prognostic factors for DFS and OS by the multivariate Cox pr

Variables DFS

HR 95% CI

Tumor differentiation
Tumor size
Resection margin
PVTT 3.851 1.863-7.960
gp96 expression 0.385 0.226-0.655

Abbreviations: CI, confidence interval; HR, hazard ratio.
to their gp96 expression profiles. The analysis showed that
gp96 expression was positively correlated with DFS and OS.
The 1-, 3-, and 5-year DFS rates in the high expression group
were significantly higher than those in the low expression
group (66.7%, 53.3%, 46.3% versus 28.2%, 17.9%, 15.4%, re-
spectively; P b .001; Fig. 2A). In addition, the 1-, 3-, and 5-year
OS rates of the high expression group were also markedly higher
than those of the low expression group (91.1%, 64.4%, 60.0%
versus 69.2%, 35.9%, 23.1%, respectively; P = .001; Fig. 2B).

3.4. Independent prognostic factors of HCC outcomes

To determine factors related to DFS and OS, gp96 and 15
clinicopathological factors were assessed by univariate analy-
sis and the multivariate analysis. The univariate analysis
showed that the significant prognostic factors for DFSwere tu-
mor number, PVTT, tumor encapsulation, TNM stage, and
gp96 expression. The significant factors for OS were tumor
number, PVTT, tumor size, resection margin, tumor differen-
tiation, TNM stage, and gp96expression (all, P b .05; Table
2). Using Cox regression multivariate analysis, we found that
PVTT (P b .001) and gp96 expression (P b .001) were signif-
icant independent prognostic factors for DFS, whereas tumor
size (P = .010), resection margin (P = .008), tumor differenti-
ation (P = .001), PVTT (P = .001), and gp96 expression (P =
.001) were significant independent prognostic factors for OS
(Table 3).

3.5. Low expression of gp96 predicts poor outcomes
of HCC patients independent of AFP level

To further clarify the prognostic value of gp96 in patients
with negative AFP expression, patients were subdivided into
the AFP b 20 μg/L subgroup (n = 36) and the AFP ≥ 20
μg/L subgroup (n = 48). The results indicated that in the
AFP b 20 μg/L subgroup, low gp96 expression predicted a
worse 1-, 3-, and 5-year DFS (18.8%, 12.5%, 12.5% versus
80.0%, 60.0% 60.0%, respectively; P = .001) and a worse 1-
, 3-, and 5-year OS (75.0%, 31.3%, 18.8% versus 90.0%,
65.0%, 65.0%, respectively; P = .007). Similarly, in the
AFP ≥ 20 μg/L subgroup, low gp96 expression was associ-
ated with worse 1-, 3-, and 5-year DFS (34.8%, 21.7%,
17.4% versus 56.0%, 48.0% 34.9%, respectively; P = .029)
oportional hazards regression model

OS

P HR 95% CI P

3.013 1.537-5.909 .001
2.346 1.222-4.502 .010
0.432 0.232-0.805 .008

b.001 3.524 1.708-7.272 .001
b.001 0.345 0.187-0.637 .001
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and a worse 1-, 3-, and 5-year OS (65.2%, 39.1%, 26.1% ver-
sus 92.0%, 64.0%, 56.0%, respectively; P = .032) compared
with high gp96 expression (Fig. 3).
3.6. Low expression of gp96 predicts poor outcomes
of HCC patients with early-stage disease

To determine the prognostic value of gp96 in patients with
early-stage HCC, we analyzed whether the prognosis was
Fig. 3 After stratification analysis of AFP, AFP b 20 μg/L (A and B) and
to disease recurrence and OS among patients with high or low gp96 protein
different in TNM stage I patients with low or high gp96 ex-
pression. Patients with TNM stage I HCC were subdivided
into 2 subgroups: high-expression gp96 subgroup (n = 34)
and low-expression gp96 (n = 21) subgroup. Low gp96 ex-
pression was associated with poorer DFS (1-, 3-, and 5-year
DFS: 42.9%, 23.8%, 19.0% versus 70.6%, 55.9%, 52.6%, re-
spectively; P = .013) and poorer OS (1-, 3-, and 5-year OS:
85.7%, 47.6%, 33.3% versus 94.1%, 67.6%, 64.7%, respec-
tively; P = .035). In addition, in TNM stage II-III patients,
low gp96 expression also predicted a worse DFS (1-, 3-, and
AFP≥ 20 μg/L (C and D), Kaplan-Meier curves are shown for time
expression.

Image of Fig. 3
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5-year DFS: 11.1%, 11.1%, 11.1% versus 54.5%, 45.5%,
18.2%; P = .044) and worse OS (1-, 3-, and 5-year OS:
50.0%, 22.2%, 11.1% versus 81.8%, 54.5%, 45.5%; P =
.044).

We further analyzed the association of gp96 expression
with tumor differentiation and found poorer DFS (1-, 3-, and
5-year DFS: 26.7%, 20.0%, 16.7% versus 81.3%, 62.5%,
52.4%; P b .001) and poorer OS (1-, 3-, and 5-year OS:
73.3%, 36.7%, 26.7% versus 96.9%, 75.0%, 68.8%; P
.001) in the low-gp96 expression subgroup of tumor differen-
tiation I-II HCC, but no significance in DFS (P = .235) and
OS (P = .202) between the low- and high-gp96 expression
subgroups of tumor differentiation III HCC (Fig. 4).
Fig. 4 After stratification analysis of early stage HCC, TNM stage I (A an
shown for time to disease recurrence and OS among patients with high or l
4. Discussion

The current study showed that gp96 was present in all liver
tissues tested, suggesting that gp96 is indispensable for normal
liver cells or HCC cells. Moreover, a tendency of increasing
gp96 expression was found from normal liver tissue, to tissue
adjacent to HCC, to HCC tissue. However, low expression of
gp96 in HCC tissue correlated with late TNM stage and high
recurrence rate and predicted a poor prognosis: shorter DFS
and OS. Furthermore, a low level of gp96 expression was an
independent prognostic factor for poor DFS or OS.

It is surprising and unclear why a high level of gp96 expres-
sion was associated with longer DFS and OS. It seems that the
d B) and tumor differentiation I-II (C and D), Kaplan-Meier curves are
ow gp96 protein expression.

Image of Fig. 4
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function of gp96 switches from tumor promotion to tumor sup-
pression. Zhu et al [16,18,19] reported that gp96 was a special
member of the HSP family and acts as a “Swiss army knife”
with multiple functions. In both in immunity and tumorigenic-
ity, gp96 can act as a chaperone to facilitate major histocom-
patibility complex (MHC) class I peptide loading and
therefore increase the tumor peptides presented by MHC class
I. Second, exogenous gp96-peptide complexes facilitate MHC
class I peptide loading through the uptake of this complex by
gp96 receptors on the cell surface. As such, a cytotoxic T lym-
phocyte (CTL) response could be induced and provoke cellu-
lar tumor immunity. In addition, gp96 is able to prime a unique
and necessary helper role of natural killer (NK) cells for CTL
functioning during the effector arm of the immune response.
NK cells activated by gp96 were observed to upregulate the
expression of many cytokines and chemokines associated with
the enhancement of APCs and T cells, which enhance tumor
rejection [20-22]. Zheng et al [22] reported that surface gp96
was involved in dendritic cell maturation leading to inflamma-
tion and an increase of antigen-presenting molecules and cost-
imulators. The overexpression of surface gp96 in tumor cells
resulted in tumor regression through T lymphocytes. Dai et
al [23] further demonstrated in a subsequent study that surface
expression of gp96 promotes antigen presentation, which
leads to increased memory T-cell development. Together,
these data suggest a role of tumor-specific surface gp96 in
the activation of NK cells, dendritic cells, and CTL, and pres-
ent a promising target for cancer immunotherapies.

An early study showed that immunotherapy with gp96 was
highly effective in inducing an antitumor immune response in
mice bearing methylcholanthrene-induced fibrosarcomas [24].
Another study showed that photodynamic therapy increased
surface expression of HSPs, including gp96, which then con-
tributed to therapeutic outcome via induction of inflammation
and immune responses [25]. In addition, activated T cells and
NK cells were shown to mediate antitumor immune responses
against multiple myeloma [26] and lung cancer [27] when stim-
ulated with dendritic cells pulsed with tumor-derived gp96.

It has been reported that gp96 is capable of maturating hu-
man monocyte–derived dendritic cells and expanding CTL-
specific responses for hepatitis B virus infection or HCC
[28,29]. Yang et al [30] observed that a hyposensitive to anti-
cancer drugs for a longer period resulted in greater surface ex-
pression and release of gp96 in HCC cells, which might
represent a crucial event in the antitumor immune response.

In addition to its role as a pro-oncogenic chaperon, gp96
also plays a crucial role of inducing the antitumor immune re-
sponse and may become a promising target for cancer immu-
notherapies. We speculate that although gp96 is very
important to liver cirrhosis and carcinogenesis, high expres-
sion of gp96 in HCCmight bemore easily induced than the ac-
tivation of NK cells, dendritic cells, and CTL, and initiate an
antitumor immune response and thus improve outcomes of pa-
tients with HCC.

AFP is a well-established biomarker for the diagnosis and
prognosis of HCC. A high serum AFP level always correlates
with recurrence and metastasis in patients with HCC. How-
ever, Shiota [31] reported that 30% of HCC patients did not
exhibit a remarkable rise of serumAFP, and AFPmay also ini-
tially increase in the early stages of HCC, but then decrease or
even normalize before rising again through disease progres-
sion [32-34]. Hence, we lack a convenient and accurate marker
to predict the prognosis of HCC patients with normal AFP
levels. In the present study, stratification analysis of patients
by AFP level revealed that the 1-, 3-, and 5-year DFS rates
in patients with low gp96 expression were worse than those
in patients with high gp96 expression. This result suggests that
gp96 could be used as a convenient and precise prognostic in-
dictor of postoperative recurrence or metastasis in HCC pa-
tients with the normal AFP levels. Because of the
heterogeneity of genetic alterations in HCC, individuals with
the same tumor stage can have different clinical outcomes
[13]. It is very difficult to predict clinical outcomes of early-
stage HCC using conventional indexes. In our study, for pa-
tients with TNM stage I HCC, the 1-, 3-, and 5-year DFS
andOS rates in the low-expression gp96 subgroupwere signif-
icantly lower than those in the high-expression gp96 subgroup.
Moreover, for patients with advanced-stage HCC, the 1-, 3-,
and 5-year DFS and OS rates in the low-expression gp96 sub-
group were also significantly lower than those in the high-ex-
pression gp96 subgroup. This finding may help clinicians
develop personal therapeutic strategies for patients with the
same TNM stage and low gp96 expression.

There are some limitations to the current study. First, it was
a retrospective, single-institution study with a relatively small
number of patients. Hence, a well-designed, prospective study
with a larger number of patients with HCC who underwent
radical surgery is needed to confirm the results. Second, we
were not able to split our data set into a training data set and
a test data set for statistical validation because of the small
number of patients. Third, it is not clear why a high gp96 ex-
pression activates antitumor immune responses and improves
the prognosis of patients with HCC, rather than promote the
development of HCC. The mechanism of this finding is wor-
thy of future investigation.

In conclusion, although gp96 is expressed in all HCC tissue
and the normal liver tissue, and gp96 expression in HCC tis-
sues is significantly higher than that in normal liver tissue, high
expression of gp96 protein predicts good outcomes of HCC
patients who undergo hepatectomy. In addition, For patients
with a normal AFP level and in those with early-stage HCC,
gp96 also manifests a good predictive value. Thus, gp96
may be a potential prognostic marker for HCC and help the cli-
nicians personalized therapies for HCC patients who are at
high risk of recurrence after curative resection.
Authors' contributions

FF.J., Y.Z., Z.B.Z and Y.P.H were the main authors of the
manuscript. They were involved in the conception, design and



202 F. Ji et al.
coordination of the study as well as in data curation, formal
analysis, interpretation of results, and drafting the manuscript.
The funding was acquired by YPH. The investigation and
methodology was completed by Y.G.. F.J., Y.Z., Z.B.Z and
Y.P.H was in charge of project administration, resources, soft-
ware and supervision. S.L.S, Q.H.C, J.W.H, S.Q.L, B.G.P,
and L.J.L participated in the validation and visualization. F.J.
and Y.P.H. completed the writing and original draft. All au-
thors critically revised and edited the the content of the manu-
script, and all authors approved the final manuscript.
References

[1] Ji F, Liang Y, Fu SJ, et al. A novel and accurate predictor of survival for
patients with hepatocellular carcinoma after surgical resection: the neu-
trophil to lymphocyte ratio (NLR) combined with the aspartate amino-
transferase/platelet count ratio index (APRI). BMC Cancer 2016;22:137.

[2] El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and
molecular carcinogenesis. Gastroenterology 2007;132:2557-76.

[3] Ni M, Lee AS. ER chaperones in mammalian development and human
diseases. FEBS Lett 2007;581:3641-51.

[4] Yang Y, Liu B, Dai J, et al. Heat shock protein gp96 is a master chaper-
one for toll-like receptors and is important in the innate function of mac-
rophages. Immunity 2007;26:215-26.

[5] Liu B, StaronM, Hong F, et al. Essential roles of grp94 in gut homeosta-
sis via chaperoning canonical Wnt pathway. Proc Natl Acad Sci U S A
2013;110:6877-82.

[6] Zhang Y, Wu BX, Metelli A, et al. GP96 is a GARP chaperone and con-
trols regulatory T cell functions. J Clin Invest 2015;125:859-69.

[7] Staron M, Wu S, Hong F, et al. Heat-shock protein gp96/grp94 is an es-
sential chaperone for the platelet glycoprotein Ib-IX-V complex. Blood
2011;117:7136-44.

[8] Wanderling S, Simen BB, Ostrovsky O, et al. GRP94 is essential for me-
soderm induction and muscle development because it regulates insulin-
like growth factor secretion. Mol Biol Cell 2007;18:3764-75.

[9] Staron M, Yang Y, Liu B, et al. gp96, an endoplasmic reticulum master
chaperone for integrins and toll-like receptors, selectively regulates early
T and B lymphopoiesis. Blood 2010;115:2380-90.

[10] Hong F, Liu B, Chiosis G, et al. alpha7 helix region of alphaI domain is
crucial for integrin binding to endoplasmic reticulum chaperone gp96: a
potential therapeutic target for cancer metastasis. J Biol Chem 2013;288:
18243-8.

[11] Wu XH, Yao DF, Su XQ, et al. Dynamic expression of rat heat shock
protein gp96 and its gene during development of hepatocellular carci-
noma. Hepatobiliary Pancreat Dis Int 2007;6:616-21.

[12] Rachidi S, Sun S, Wu BX, et al. Endoplasmic reticulum heat shock pro-
tein gp96 maintains liver homeostasis and promotes hepatocellular carci-
nogenesis. J Hepatol 2015;62:879-88.

[13] Chen WT, Tseng CC, Pfaffenbach K, et al. Liver-specific knockout of
GRP94 in mice disrupts cell adhesion, activates liver progenitor cells,
and accelerates liver tumorigenesis. Hepatology 2014;59:947-57.

[14] Yao DF, Wu XH, Su XQ, et al. Abnormal expression of HSP gp96 asso-
ciated with HBV replication in human hepatocellular carcinoma. Hepato-
biliary Pancreat Dis Int 2006;5:381-6.
[15] Lim SO, Park SG, Yoo JH, et al. Expression of heat shock proteins
(HSP27, HSP60, HSP70, HSP90, GRP78, GRP94) in hepatitis B vi-
rus–related hepatocellular carcinomas and dysplastic nodules. World J
Gastroenterol 2005;11:2072-9.

[16] Zhu XD, Li CL, Lang ZW, et al. Significant correlation between expres-
sion level of HSP gp96 and progression of hepatitis B virus induced dis-
eases. World J Gastroenterol 2004;10:1141-5.

[17] Ji F, Fu SJ, Shen SL, et al. The prognostic value of combined TGF-β1
and ELF in hepatocellular carcinoma. BMC Cancer 2015;15:116.

[18] Srivastava PK, Amato RJ. Heat shock proteins: the ‘Swiss army knife’
vaccines against cancers and infectious agents. Vaccine 2001;19:2590-7.

[19] Newman RG, Dee MJ, Malek TR, et al. Heat shock protein vaccination
and directed IL-2 therapy amplify tumor immunity rapidly following
bone marrow transplantation in mice. Blood 2014;123:3045-55.

[20] Sedlacek AL, Kinner-Bibeau LB, Binder RJ. Phenotypically distinct
helper NK cells are required for gp96-mediated anti-tumor immunity.
Sci Rep 2016;6:29889.

[21] LiuW, ChenM, Li X, et al. Interaction of toll-like receptors with the mo-
lecular chaperone Gp96 is essential for its activation of cytotoxic T lym-
phocyte response. PLoS One 2016;11:e0155202.

[22] Zheng H, Dai J, Stoilova D, et al. Cell surface targeting of heat shock pro-
tein gp96 induces dendritic cell maturation and antitumor immunity. J
Immunol 2001;67:6731-5.

[23] Dai J, Liu B, Caudill MM, et al. cell surface expression of heat shock pro-
tein gp96 enhances cross-presentation of cellular antigens and the gener-
ation of tumor-specific T cell memory. Cancer Immun 2003;3:1.

[24] Kovalchin JT,Murthy AS, HorattasMC, et al, Chandawarkar RY. Deter-
minants of efficacy of immunotherapy with tumor-derived heat shock
protein gp96. Cancer Immun 2001;1:7.

[25] Korbelik M, Sun J, Cecic I. Photodynamic therapy–induced cell surface
expression and release of heat shock proteins: relevance for tumor re-
sponse. Cancer Res 2005;65:1018-26.

[26] Qian J,Wang S, Yang J, et al. Targeting heat shock proteins for immuno-
therapy in multiple myeloma: generation of myeloma-specific CTLs
using dendritic cells pulsed with tumor-derived gp96. Clin Cancer Res
2005;11:8808-15.

[27] Shinagawa N, Yamazaki K, Tamura Y, et al. Immunotherapy with den-
dritic cells pulsed with tumor-derived gp96 against murine lung cancer
is effective through immune response of CD8+ cytotoxic T lymphocytes
and natural killer cells. Cancer Immunol Immunother 2008;57:165-74.

[28] Zhang Y, Zan Y, ShanM, et al. Effects of heat shock protein gp96 on hu-
man dendritic cell maturation and CTL expansion. BiochemBiophys Res
Commun 2006;344:581-7.

[29] Meng SD, Gao T, Gao GF, et al. HBV-specific peptide associated with
heat-shock protein gp96. Lancet 2001;357:528-9.

[30] Yang M, Xu Z, Wang Q, et al. A hyposensitive anticancer drug induces
higher surface expression and release of heat shock proteins in a human
hepatocellular carcinoma cell line. Mol Med Rep 2015;12:2879-85.

[31] Bialecki ES, Di Bisceglie AM. Diagnosis of hepatocellular carcinoma.
HPB 2005;7:26-34.

[32] Fu SJ, Qi CY, Xiao WK, et al. Glypican-3 is a potential prognostic bio-
marker for hepatocellular carcinoma after curative resection. Surgery
2013;154:536-44.

[33] Katoh H, Ojima H, Kokubu A, et al. Genetically distinct and clinically
relevant classification of hepatocellular carcinoma: putative therapeutic
targets. Gastroenterology 2007;133:1475-86.

[34] Lee JS, Chu IS, Heo J, et al. Classification and prediction of survival in
hepatocellular carcinoma by gene expression profiling. Hepatology
2004;40:667-76.

http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0005
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0005
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0005
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0005
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0010
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0010
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0015
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0015
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0020
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0020
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0020
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0025
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0025
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0025
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0030
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0030
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0035
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0035
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0035
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0040
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0040
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0040
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0045
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0045
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0045
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0050
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0050
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0050
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0050
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0055
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0055
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0055
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0060
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0060
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0060
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0065
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0065
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0065
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0070
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0070
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0070
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0075
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0075
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0075
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0075
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0080
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0080
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0080
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0085
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0085
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0090
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0090
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0095
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0095
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0095
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0100
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0100
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0100
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0105
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0105
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0105
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0110
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0110
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0110
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0115
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0115
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0115
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0120
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0120
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0120
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0125
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0125
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0125
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0130
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0130
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0130
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0130
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0135
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0135
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0135
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0135
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0140
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0140
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0140
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0145
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0145
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0150
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0150
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0150
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0155
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0155
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0160
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0160
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0160
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0165
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0165
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0165
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0170
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0170
http://refhub.elsevier.com/S0046-8177(18)30480-5/rf0170

	Low levels of glycoprotein 96 indicate a worse prognosis in early-stage hepatocellular carcinoma patients after hepatectomy
	1. Background
	2. Materials and methods
	2.1. Study population
	2.2. Immunohistochemical analysis
	2.3. Evaluation of immunohistochemical staining
	2.4. Real-time quantitative polymerase chain reaction
	2.5. Statistical analysis

	3. Results
	3.1. Expression of gp96 protein and mRNA in HCC
	3.2. Correlation between gp96 protein expression and clinicopathological characteristics
	3.3. Low expression of gp96 in HCC tissue predicts poor outcomes
	3.4. Independent prognostic factors of HCC outcomes
	3.5. Low expression of gp96 predicts poor outcomes of HCC patients independent of AFP level
	3.6. Low expression of gp96 predicts poor outcomes of HCC patients with early-stage disease

	4. Discussion
	Authors' contributions
	References


