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Abstract

AIM

To investigate the relationship between hypoxia-inducible
factor-1a. (HIF-1a), prolyl 4-hydroxylase beta (P4HB)
expression, and clinicopathologic parameters, as well
as the prognostic value of these genes for patients with
gastric cancer (GC).
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METHODS

Hypoxia is a critical factor that shapes the GC micro-
environment. In previous reports, we have demonstrated
that P4HB is a potential target of HIF-1a. In the present
study, gene expression profiling interactive analysis
(GEPIA) was used to analyze the relationship between
P4HB and hypoxia-associated genes. To this end, 428
GC tissue samples were used to analyze the expression
of HIF-1a and P4HB via immunohistochemical staining.
Patient samples were classified as having weak-expression
or over-expression both in terms of HIF-1a. and P4HB.
Correlations between biomarkers and clinicopathological
factors were analyzed to predict survival.

RESULTS

P4HB demonstrated a positive correlation with hypoxia-
associated genes (P < 0.05). HIF-1a and P4HB
overexpression have a significant correlation with TNM
staging (* = 23.32, P = 0.00; ;° = 65.64, P = 0.00) and
peritoneum cavity metastasis (;° = 12.67, # = 0.00; ;° =
39.29, £ = 0.00). In univariate analysis, patients with a
high HIF-1a expression trend had a shorter disease-free
survival (DFS: 44.80 mo vs 22.06 mo) and overall survival
(0S: 49.58 mo vs 39.92 mo). P4HB overexpression
reflected similar results: patients with over-expression
of P4HB had a shorter survival time than those with
weak-expression (DFS: 48.03 mo vs 29.64 mo, OS:
52.48 mo vs 36.87 mo). Furthermore, HIF-1q is also a
clinicopathological predictor of dismal prognosis according
to multivariate analysis (DFS, 95%CI: 0.52-0.88, # < 0.00;
0S, 95%CI: 0.50-0.85, P < 0.00). However, P4AHB was
meaningful in DFS (95%CI: 0.58-1.00, P < 0.05) but not
in OS (95%CI: 0.72-1.23, P > 0.05).

CONCLUSION

Overexpression of HIF-1o. and P4HB is associated with
poor prognosis in patients with GC. Thus, these genes
may be potential prognostic biomarker candidates in GC.

Key words: Gastric cancer; Hypoxia inducible factor-1q;
Prolyl 4-hydroxylase beta polypeptide; Overall survival;
Clinicopathological predictors; Disease free survival

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The progression of gastric cancer is closely
related to the hypoxic tumor microenvironment. In the
present study, we found the expression levels of prolyl
4-hydroxylase beta (P4HB) and hypoxia-inducible factor-
lo (HIF-1a) were significantly increased in gastric
cancer tissue, and patients with high P4HB and HIF-1a
expression had an increased risk of death and relapse
compared with patients with low P4HB and HIF-1a
expression after adjusting for potential confounders.
Based on our research, we suggest that higher expression
of P4HB and HIF-1a promotes risk of death and relapse
and may act as an indicator of prognosis in patients with
gastric cancer.

Zhang J, Wu Y, Lin YH, Guo S, Ning PF, Zheng ZC, Wang Y,
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INTRODUCTION

Despite a decline in the incidence of gastric cancer (GC)
globally in recent years™, this form of cancer is still the
second most common type of cancer and the second
leading cause of cancer-related death in China®. This
is attributed to its specific biological characteristics:
a lack of early clinical manifestation, local invasion,
and systemic metastasis. Most patients with GC are
diagnosed at an advanced stage. Although traditional
treatment strategies have improved, the median overall
survival (OS) of advanced GC is less than 1 year™, with
more than half of patients having a recurrence within
5 years of surgery and adjuvant chemotherapy'. As a
result, it is urgent to identify effective biomarkers to aid
in prognostic accuracy as a part of therapy against GC.

Considerable evidence has shown that the hypoxic
tumor microenvironment is closely associated with cancer
progression™ and metastasis™. Hypoxia-inducible factors
(HIFs), HIF-1 and HIF-2, play a co-operative role in
mediating the cellular response to low oxygen tension'®.
In response to hypoxia, the expression of these factors
are self-regulated, resulting in the acceleration of cell
dissemination, invasion, and angiogenic properties, as
well as a shift among cancer cells towards a metastatic
phenotype®™'. Specifically, HIF-10, a subunit of HIF-1,
has been shown to upregulate epithelial mesenchymal
transition-related transcription factors (EMT-TFs)""}, and
to antagonize p53™.

In the last decade, a plethora of targeted molecular
therapies have been approved and used in clinical practice
based on gene expression profiling research. However,
the efficacy of these drugs has not met expectations, and
the anticipated breakthroughs in treatment resulting from
their use have not been achieved™. As tumor invasion
and metastasis requires multiple molecular alterations,
a reasonable combination of several biomarkers may
improve prognostic accuracy.

In previous research, we identified prolyl 4-hydroxy-
lase beta polypeptide (P4HB) as a putative downstream
molecular target of HIF-1a based on bioinformatics
prediction and experimentation. These molecules af-
fected the invasion and metastasis of GC. P4HB is an
abundant multifunctional enzyme that belongs to the
protein disulfide isomerase (PDI) family™®. It can act
as an endoplasmic reticulum (ER) chaperone to inhibit
the aggregation of misfolded proteinst*!. Studies have

shown that P4HB is overexpressed in hepatocellular
[12,13

carcinoma™*! and has a close relationship with drug
resistance in malignant glioma™* and non-small cell lung
cancer™,

The aim of this study was to investigate the cor-
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relation between HIF-1a, P4HB expression, and
relevant clinicopathologic parameters in GC patients.
Furthermore, we also evaluated whether prognosis and
hepatic/peritoneum metastasis are associated with HIF-
1o or P4HB expression.

MATERIALS AND METHODS

Ethical statement

This study was conducted with approval of the Liaoning
Province Cancer Hospital and Institute Institutional
Review Board. Informed consent for specimen pres-
ervation was obtained from patients before their surgery
at Liaoning Province Cancer Hospital and Institute.

Patients and tissue samples

This retrospective study enrolled a total of 428 patients
with GC who underwent gastrectomy between January
2009 and December 2011 at Liaoning Province Cancer
Hospital & Institute (Liaoning, China). All patients
underwent initial curative gastrectomy, 423 cases
(98.8%) were D2 lymph node dissected, and five cases
(1.2%) were D1 lymph node dissected. None of the
enrolled patients received chemotherapy or radiotherapy
before surgery. All enrolled patients had a sufficient
number of paraffin embedded tumor specimens stored.
Adenosquamous carcinoma or neuroendocrine carcinoma
patients were excluded from our analysis. Tumor staging
conformed to the eighth edition of the American Joint
Committee on Cancer/Union International Control Center
(AJCC/UICC) TNM staging manual (2017). The median
patient age at surgery was 58 years (range 32-81
years), 304 (71.0%) were male, and 124 (29.0%) were
female. All patients with staging more advanced than IIA
received adjuvant chemotherapy. The clinicopathological
parameters of patients included age, gender, Borrmann
type, tumor size, tumor histological morphology, Lauren
type, tumor differentiation, T category, N category,
TNM stage, vascular invasion, perineural invasion, and
operation (Table 1).

Follow-up assessment included physical examination,
complete blood count, liver function test, endoscope,
pulmonary, abdominal, and pelvic computed tomography
(CT) scan. Follow-up assessments were performed every
3-6 mo for 5 years after surgery. The date of first relapse
and date of death were recorded in applicable cases.
Survival was calculated from the time of surgery until the
last follow-up or death from any cause. The last follow-up
data included were from July 1, 2017. The first relapse
date and death date were recorded. Disease-free survival
(DFS) was defined as the period between surgery and
the first relapse diagnosis. Overall survival (OS) was
defined as the period between the resection date and
death for any cause.

Immunohistochemistry
Serial sections (5 pm) of tumor tissue and adjacent
tissue were fixed on poly-L-lysine-coated slides. Each
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section was immunostained with antibodies against
HIF-1a (Abcam, 1:100) and P4HB (BOSTER, 1:50)
and visualized by incubation with the appropriate
biotin-conjugated secondary antibodies and immmuno-
peroxidase detection using the VECTASTAIN ABC Elite
kit (Linaris, Werthein, Germany) and diaminobenzidine
(DAB) substrate (BOSTER, China).

Evaluation of immunohistochemistry staining
Immunoreactivity of HIF-1a and P4HB was evaluated
independently by two experienced pathologists. The final
results of the evaluation were obtained after considering
the staining intensity of the proportion of positive cells.
This proportion was calculated as the mean percentage
of gene-positive tumor cells elevated in five areas at
200 x magnification. The proportion of positive cells was
considered from the following: 0, negative; 1, positive in
< 10% of cells; 2, positive in > 10% and < 50% of cells;
3, positive in > 50% and < 75% of cells; and 4, positive
in > 75% of cells. Then, staining intensity of this level
was scored as 0, negative; 1, weak; 2, moderate; and
3, strong. The two scores were multiplied and expressed
as a graded: 0, negative; 1-4, weak expression; 5-8,
moderate expression; and 9-12, strong expression. The
median score was used as the expression cutoff point
(HIF-1a median score = 6, P4HB median score = 4).
Patients were divided into over-expression or weak-
expression groups based on these values.

Genes related to HIF-10. and P4HB

We used the online database Gene Expression Profiling
Interactive Analysis (GEPIA, http://gepia.cancerpku.
cn/index.htmD™®, an interactive web server, to analyze
our RNA sequencing expression data based on The
Cancer Genome Atlas (TCGA) and the Genotype-Tissue
Expression (GTEX) projects.

Statistical analysis

Statistical Package for Social Science (SPSS), version
19.0 (Armonk, NY, United States) was used for statistical
analysis. The »* test or Fisher’s Exact test was used
to explore the correlations among clinicopathological
variables and biomarker variables (HIF-1o. and P4HB).
Survival curves were analyzed by the Kaplan-Meier
method, and univariate survival analysis was performed
using log-rank test. Cox proportional hazards model was
used to examine the effects on survival for prognostic
biomarkers.

RESULTS

Expression of P4HB is associated with hypoxia-
associate biomarkers in GC

In previous research, we demonstrated that P4HB is
downstream of HIF-1a. Inhibition of HIF-1a expression
down-regulates the expression of P4HB. Therefore, we
suspected P4HB is co-expressed with other hypoxia-
associated genes. To examine this hypothesis, we ex-
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Table 1 Patients characteristics and univariate analysis (7 = 428)

Characteristics n (%) DFS os
t/mo P value /4 t/mo P value Va4

Age (median, yr) 0.47 -0.72 0.79 -0.26
<60 199 (46.5) 40.02 4497
=60 229 (53.5) 37.72 4434

Gender 042 -0.80 0.56 -0.59
Male 304 (71.0) 37.74 43.99
Female 124 (29.0) 41.38 46.23

Bormann type 0.00 78.58 0.00 70.97
I 33 (7.7) 64.24 64.21
il 189 (44.2) 45.99 51.15
iig 200 (46.7) 28.43 35.78
v 6(1.4) 17.50 27.33

Tumor size 0.00 -6.17 0.00 -5.87
<5cm 243 (56.8) 46.15 50.57
=5cm 185 (43.2) 29.12 36.84

Location 0.09 4.92 0.22 3.03
Up 90 (21.0) 33.10 40.62
Middle 121 (28.3) 39.98 45.26
Low 217 (50.7) 40.49 45.96

Tumor histological morphology 0.26 2.70 0.36 2.03
Adenocarcinoma 319 (74.5) 39.45 45.15
Absolute signet ring cell carcinoma 3(0.7) 63.67 63.67
Mixed carcinoma 106 (24.8) 36.09 42.56

Lauren type 0.07 5.28 0.06 5.50
Intestinal 200 (49.5) 41.74 47.59
Diffuse 129 (26.9) 39.28 44.97
Mixed type 99 (23.1) 33.96 40.12

Tumor differentiation 0.01 -2.74 0.01 -2.54
Poor 288 (67.3) 36.54 4272
Moderate and high 140 (32.7) 43.43 48.58

Vessel invasion 0.00 -6.06 0.00 -5.65
No 299 (69.9) 43.24 48.60
Yes 129 (30.1) 28.49 35.47

Perineural invasion 0.00 -5.63 0.00 -5.26
No 320 (74.8) 42.76 47.95
Yes 108 (25.2) 27.03 34.82

T category 0.00 143.15 0.00 124.25
T1 85 (19.9) 65.15 65.20
T2 24 (5.6) 61.13 62.44
T3 16 (3.7) 59.04 61.33
T4 303 (70.8) 28.61 36.61

N category 0.00 323.31 0.00 32211
NO 179 (41.8) 62.20 63.47
N1 67 (15.7) 37.22 48.52
N2 84 (19.6) 23.48 33.05
N3 98 (22.9) 10.24 17.52

TNM stage 0.00 285.22 0.00 271.25
I 93 (21.7) 64.16 64.20
I 101 (23.6) 63.27 65.59
il 228 (53.3) 18.44 28.30
\Y 6(1.4) 7.00 9.50

Operation 0.00 -3.45 0.00 -3.79
D1 5(1.2) 7.00 9.20
D2 423 (98.8) 39.17 45.06

Hepatic metastasis 0.00 -5.31 0.00 -5.10
Yes 46 (10.7) 18.48 28.22
No 382 (89.3) 41.24 46.62

Peritoneum cavity metastasis 0.00 -14.35 0.00 -13.96
Yes 155 (36.2) 14.45 23.47
No 273 (63.8) 52.61 56.66

HIF-1o 0.00 -4.41 0.00 -4.24
Weak-expression 209 (48.8) 44.80 49.58
Over- expression 219 (51.2) 33.06 39.92

P4HB 0.00 -6.88 0.00 -6.91
Weak-expression 213 (49.8) 48.03 52.48
Over- expression 215 (50.2) 29.64 36.87

DFS: Disease-free survival; OS: Overall survival; HIF-1o: Hypoxia-inducible factor-1a; PAHB: Prolyl 4-hydroxylase beta.
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plored the correlation between P4HB and HIF-1a and
hypoxia-associate biomarkers: hydrocarbon receptor
nuclear translocator (ARNT), carbonic anhydrase 9 (CA9),
egl-9 aryl solute carrier family 2 member 1 (SLC2A1 or
Glut-1), lactate dehydrogenase A (LDHA or LDH5), and
vascular endothelial growth factor A (VEGFA) in GEPIA.
Higher PAHB expression was observed in our database
with high HIF-1a (R = 0.31, P = 1.3e-10), ARNT (R =
0.23, P = 3.4e-6), CA9 (R = 0.099, P = 0.045), SLC2A1
(R=0.19, P =0.00011), VEGFA (R = 0.27, P = 2.7e-8),
and LDHA (R = 0.16, P = 0.00086) (Figure 1A-F).

HIF-10. and P4HB expression in GC specimens

To investigate the role of HIF-1a and P4HB in GC tis-
sue, we detected the expression of HIF-1a and P4HB
by immunohistochemistry (IHC) in a total of 428 GC
samples tissues. We found that 51.2% (n = 219) of
tissues showed HIF-1a with strongly positive expression
(Figure 2A), and 44.8% (n = 209) showed weakly
positive expression (Figure 2B). Additionally, 50.2%
(n = 215) of tissues showed P4HB with strongly positive
expression (Figure 2C), and 49.8% (n = 213) showed
weakly positive expression (Figure 2D). The number of
patients with both genes over-expressed was 174, and
it was 168 for weak-expression. The number of patients
only with HIF-1a over-expression was 45 and with only
P4HB over-expression was 41.

Correlation between the expression of HIF-10., P4HB,
and clinicopathologic factors

The association between clinicopathological characteristics
and the expression of HIF-1a and P4HB are summarized
in Table 2. According to ;° test or Fisher’s Exact test, HIF-
la overexpression was associated with T category (P =
0.01, * = 10.93), N category (P = 0.00, ;° = 23.55),
TNM stage (P = 0.00, 4° = 23.32), hepatic metastases
(P =0.01, 4* = 6.98), and peritoneum cavity metastasis
(P = 0.00, ° = 12.67). P4HB overexpression was
associated with Bormann type (P = 0.00, ;° = 29.18),
tumor size (P = 0.00, ;° = 11.09), tumor differentiation
(P = 0.03, 4 = 4.53), perineural invasion (P = 0.03, ;* =
4.71), T category (P = 0.00, ;° = 44.94), N category (P
= 0.00, ° = 54.13), TNM stage (P = 0.00, ° = 65.64),
and peritoneum cavity metastasis (P = 0.00, ;* = 39.29).

Univariate and Multivariate analysis in the cohort of GC
patients

In this series, 416 of 428 patients had available clinical
follow-up data. Specifically, 250 patients (58.4%) died
prior to end of follow-up. Of these, 155 (36.2%) and 46
(10.7%) developed peritoneum cavity metastasis and
hepatic metastasis, respectively. The median DFS was
31.50 mo (range 5-91), and the median OS was 45.00
mo (range 7-91).

Clinical outcomes and clinicopathological factors
were evaluated by Kaplan-Merier method and log-rank
test. These global prognostic factors were undoubtedly
associated with DFS and OS, such as: Bormann type,
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tumor size, tumor differentiation, vessel invasion, peri-
neural invasion, T category, N category, TNM stage,
operation, hepatic metastasis, and peritoneum cavity
metastasis. HIF-1a-weak-expression patients displayed a
longer DFS (44.80 mo vs 22.06 mo) and OS (49.58 mo
vs 39.92 mo) (Table 1, Figure 3A and C). Patients with
strong-expression of P4HB had a shorter survival time
than those with weak-expression (DFS: 48.03 mo vs
29.64 mo, 0S: 52.48 mo vs 36.87 mo, Table 1, Figure
3B and D).

Multivariate analysis used factors with P < 0.05
in univariate analysis. A backward stepwise method
was used in the Cox proportional hazards model. After
adjusting for Bormann type, tumor size, TNM stage, and
other variables, TNM stage was undoubtedly associated
with shorter DFS and OS (DFS: P = 0.00, HR = 24.65,
95%CI: 16.04-37.87; OS: P = 0.00, HR = 87.72,
95%CI: 41.21-186.68). Vessel invasion amplification was
associated with shorter DFS (DFS: P = 0.00, HR = 0.70,
95%CI: 0.53-0.93). Finally HIF-1a over-expression was
an independent prognostic factor predicting DFS and OS
(DFS: P = 0.00, HR = 0.67, 95%CI: 0.52-0.88, OS: P
= 0.00, HR = 0.65, 95%CI: 0.50-0.85). However, P4AHB
was only the independent prognostic factor predicting
DFS but not OS (DFS: P = 0.04, HR = 0.76, 95%CI:
0.58-1.00, OS: P = 0.65, HR = 0.94, 95%CI: 0.72-1.23)
(Table 3).

DISCUSSION

Metastasis is the most common cause of treatment
failure in cancer, and its process is complex and highly
orchestrated. Studies have demonstrated that not
only the primary tumor but also the distant tissue
microenvironment influence the propensity for tumor
metastasis!'”*®. Oxygen is an essential nutrient in normal
tissue as well as in facilitating tumor spread. When solid
tumors grow faster than oxygen delivery, they use the
hypoxic signaling pathway to maintain their oxygen
supply and adapt to hypoxic conditions*®!. Regardless
of the initiation site, tumor metastasis is promoted by
HIF signaling; specifically, HIF-1 and HIF-2 coordinate
to stabilize this pathway and maintain homeostasis of
the hypoxic microenvironment®®. As a key transcription
factor, HIF-1a is involved in each step of the tumor
metastatic cascade: from epithelial-mesenchymal
transition (EMT)"?, intravasation™, extravasation'®”,
the establishment of premetastatic niche to survival
at a distant site™™. In vitro and in vivo experiments
have shown that downregulation of HIF-1o expression
can significantly inhibit the malignancy phenotype of
GCP***, However, as a malignant tumor with significant
heterogeneity, the prognostic role of HIF-1a in GC is
remains controversial.

Four systematic reviews (Lin et a/*®, Chen et
al®”, zhu et al®®, Zhang et al*®') have reported on
the prognostic role of HIF-1a in GC. Briefly, all of the
meta-analyses consider HIF-1a to have a remarkable
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Table 2 Hypoxia-inducible factor-1c and prolyl 4-hydroxylase beta expressions and clinicopathologic characteristics

Characteristics HIF-1a P4HB
Low High P value Va Low High P value 7
209 (48.8) 219 (51.2) 213 (49.8) 215 (50.2)
Age 0.42 0.65 0.35 0.57
<60 93 (46.7) 106 (53.3) 96 (48.2) 103 (51.8)
= 60 116 (50.7) 113 (49.3) 117 (51.1) 112 (48.9)
Gender 0.91 0.01 048 0.49
Male 149 (49.0) 155 (51.0) 148 (48.7) 156 (51.3)
Female 60 (48.4) 64 (51.6) 65 (52.4) 59 (47.6)
Bormann type 0.06 7.26 0.00 29.18
I 16 (48.5) 17 (51.5) 26 (78.8) 7(21.2)
I 104 (55.0) 85 (45.0) 110 (58.2) 79 (41.8)
il 88 (44.0) 112 (56.0) 75 (37.5) 125 (62.5)
\% 1(16.7) 5(83.3) 2(33.3) 4 (66.7)
Tumor size 0.30 1.09 0.00 11.09
<5cm 124 (51.0) 119 (49.0) 138 (42.0) 110 (58.0)
>5cm 85(45.9) 100 (54.1) 75(14.6) 105 (85.4)
Tumor histological morphology 0.18 3.45 0.49 142
Adenocarcinoma 157 (49.2) 162 (50.8) 163 (51.1) 156 (48.9)
Absolute signet ring cell carcinoma 3 (100.0) 0 (0.0) 2 (66.7) 1(33.3)
Mixed carcinoma 49 (46.2) 57 (53.8) 48 (45.3) 58 (54.7)
Location 0.15 3.78 0.63 0.94
Up 40 (14.4) 50 (55.6) 41 (45.6) 49 (54.4)
Middle 53 (43.8) 68 (56.2) 60 (49.6) 61 (50.4)
Low 116 (53.5) 101 (46.5) 112 (51.6) 105 (48.4)
Lauren type 0.05 5.98 0.57 1.14
Intestinal 96 (48.0) 104 (52.0) 104 (52.0) 96 (48.0)
Diffuse 73 (56.6) 56 (43.4) 64 (49.6) 65 (50.4)
Mixed type 40 (40.4) 59 (59.6) 45 (45.5) 54 (54.5)
Tumor differentiation 0.08 3.17 0.03 4.53
Poor 132 (45.8) 156 (54.2) 133 (46.2) 155 (53.8)
Moderate and high 77 (55.0) 63 (45.0) 80 (57.1) 60 (42.9)
Vessel invasion 0.21 1.60 0.38 0.78
No 152 (50.8) 147 (49.2) 153 (51.2) 146 (48.8)
Yes 57 (44.2) 72 (55.8) 60 (46.5) 69 (53.5)
Perineural invasion 0.41 0.69 0.03 4.71
No 160 (50.0) 160 (50.0) 169 (52.8) 151 (47.2)
Yes 49 (45.4) 59 (54.6) 44 (40.7) 92 (59.3)
T category 0.01 10.93 0.00 44.94
T1 32 (88.9) 4(11.1) 9 (56.3) 7 (43.8)
T2 11 (45.8) 13 (54.2) 13 (54.2) 11 (45.8)
T3 41 (45.1) 50 (54.9) 69 (81.2) 16 (18.8)
T4 125 (45.1) 152 (54.9) 122 (40.3) 181 (59.7)
N category 0.00 23.55 0.00 54.13
NO 111 (62.0) 68 (38.0) 126 (70.4) 53 (29.6)
N1 28 (41.8) 39 (58.2) 28 (41.8) 39 (58.2)
N2 37 (44.0) 47 (56.0 28 (33.3) 56 (66.7)
N3 33 (33.7) 65 (66.3) 31 (31.6) 67 (68.4)
TNM stage 0.00 23.32 0.00 65.64
I 54 (58.1) 39 (41.9) 72 (77 4) 21 (22.6)
I 65 (64.4) 36 (35.6) 65 (64.4) 36 (35.6)
I 87 (38.2) 141 (61.8) 75(32.9) 1503 (67.1)
\Y 3 (50.0) 3 (50.0) 1(16.7) 5(83.3)
Operation 0.69 0.16 0.18 1.79
D1 2 (40.0) 3 (60.0) 1(20.0) 4 (80.0)
D2 207 (48.9) 216 (51.1) 212 (50.1) 211 (49.9)
Hepatic metastases 0.01 6.98 0.07 3.38
Yes 14 (30.4) 32 (69.6) 17 (37.0) 29 (63.0)
No 195 (51.0) 187 (49.0) 196 (51.3) 186 (48.7)
Peritoneum cavity metastasis 0.00 12.67 0.00 39.29
Yes 58 (37.4) 97 (62.6) 46 (29.7) 109 (70.3)
No 151 (55.3) 122 (44.7) 167 (61.2) 106 (38.8)

HIF-1a:: Hypoxia-inducible factor-1o; P4HB: Prolyl 4-hydroxylase beta.

correlation with poor OS in GC, but whether HIF-1a has Meanwhile, a limitation in these meta-analyses is sample
a close relationship with DFS or PFS is still unclarified. size, as the largest sample size involved in the studies
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Table 3 Multivariate analysis of significant prognostic factor for survival in gastric cancer patients

Variables DFS Os
P value HR 95%CI P value HR 95%CI
Bormann 0.26 1315 0.91-1.46 0.38 111 0.88-1.40
Tumor Size 0.34 0.88 0.67-1.15 0.38 0.89 0.68-1.16
Tumor differentiation 0.95 0.99 0.74-1.33 0.84 1.03 0.77-1.31
Vessel invasion 0.01 0.70 0.53-0.93 0.19 0.83 0.63-1.09
Perineural invasion 0.44 0.90 0.68-1.19 0.25 0.86 0.66-1.11
TNM stage 0.00 24.65 16.04-37.87 0.00 87.72 41.21-186.68
HIF-1a expression 0.00 0.67 0.52-0.88 0.00 0.65 0.50-0.85
P4HB expression 0.04 0.76 0.58-1.00 0.65 0.94 0.72-1.23
DFS: Disease-free survival; OS: Overall survival; HIF-1a: Hypoxia-inducible factor-1o; P4HB: Prolyl 4-hydroxylase beta.
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Figure 1 High prolyl 4-hydroxylase beta expression as a marker of tumor hypoxia. A: HIF-1a protein; B: ARNT protein; C: CA9 protein; D: SLC2A1 protein; E:
VEGFA protein; F: LDHA protein. HIF-1o.: Hypoxia-inducible factor-1o.; ARNT: Hydrocarbon receptor nuclear translocator; CA9: Carbonic anhydrase 9; SLC2A1: Egl-9
aryl solute carrier family 2 member 1; VEGFA: Vascular endothelial growth factor A; LDHA: Lactate dehydrogenase A.

was 216. In comparison, we collected samples from 428
patients in our research. The univariate and multivariate
analysis highlighted the overexpression of HIF-1o as an
independent factor in predicting DFS and OS of GC; this
conclusion is similar to that of Li et af*”.

In a previous study, we demonstrated that P4HB is
a potential target of HIF-1o with bioinformatics analysis
and molecular biology. P4HB functions primarily as the
beta subunit of prolyl 4-hydroxylase, forming a tetra-
meric enzyme with PAHA1 or PAHA2 subunits. Although
the mechanism of interaction between HIF-1a. and P4HB
is not clear, some studies suggest that HIF-1 promotes
extracellular matrix remodeling under hypoxic conditions
by inducing P4HA1""! and P4HA2 in breast cancer®.
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Moreover, PAHA1PY and P4HA2" are also treated as a
hypoxia-associated gene in head and neck squamous cell
carcinoma (HNSCC), and its signature is a prognostic tool
in treatment of HNSCC patients. The interaction between
P4HA1/2 has also been reported in chondrosarcoma
cells® and soft tissue sarcomas®, but whether P4HA1/2
is directly regulated by HIF-1 has not been reported.

It is possible that P4HB acts as a bridge between
HIF-1a and P4HA1/2. P4HB, also named PDIAL, is
a promising chemotherapy target in ovarian cancer
cells® and acts as an oncogene in melanoma™. PDIA6
is an upstream gene of the Wnt/B-catenin signaling
pathway affected by the proliferation and growth of
bladder cancer cells®®, ERp19 knockdown of GC cells
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4-hydroxylase beta staining of gastric tissue. A and E: HIF-1a. was strongly

expressed in GC tissue; B and F: HIF-1a. was weakly expressed in GC tissue; C and G: P4HB had strong expression in GC tissue; D and H: P4HB had
weak expression in GC tissue. Magnifications in all figures were 100 x and 400 . HIF-1a.: Hypoxia-inducible factor-1a,; GC: Gastric cancer; P4HB: Prolyl

4-hydroxylase beta.

dramatically suppressed cell growth and inhibited cellular
migration, whereas ERp19 over-expression reversed
these changes™”. In light of these findings, PDI proteins
are viewed as prognostic factors for clinical use, but
the molecular regulation mechanisms of P4HB in GC is
unclear. Hence, our present study confirmed P4HB as an
independent prognostic factor in GC patient DFS for the
first time.

We analyzed the relationship between HIF-1a and

Raishidenge ~ WJG | www.wjgnet.com

P4HB expression as well as with clinicopathologic
characteristics. This analysis reveals that protein over-
expression was correlated with both TNM stage and
peritoneum cavity metastasis. However, it is highly likely
that TNM stage is a crucial prognostic factor. Peritoneum
cavity metastasis is the most frequent pattern seen
in postoperative recurrence in GC. Together, they can
determine the prognosis of GC patients.

The positive correlation between biomarker protein
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Figure 3 Kaplan-Meier curves for disease-free survival and overall survival. A: Disease free survival curves stratified by HIF-1a. expression (P = 0.00); B:
Overall survival curves stratified by HIF-1a. expression (P = 0.00); C: Disease free survival curves stratified by P4HB expression (P = 0.00); D: Overall survival curves
stratified by P4HB expression (P = 0.00). Patients were divided into an over-expression group and a weak-expression group, according to expression of HIF-1a and
P4HB. Log-rank test was used to evaluate significance. HIF-1a:: Hypoxia-inducible factor-1a; P4HB: Prolyl 4-hydroxylase beta.

expression and the decisive factors (TNM stages and
peritoneum cavity metastasis) implies an assignable
effect of HIF-1a and P4HB in prognosis of GC. In re-
viewing the entire dataset, we found that HIF-1a. may be
more meaningful than P4HB to clinical data: HIF-1la is
associated with DFS and OS, but P4HB is only meaningful
to DFS. This also indirectly proves that HIF-1a, as the
upstream gene, is involved in more signaling pathways
than P4HB, which may be related to recurrence. Thus,
the effect of HIF-1a is broad, not only for cancer, but
also in the development of normal tissue. This suggests
potential dire consequences for complete targeted HIF-
la silencing at the genetic level. Therefore, it is very
important to clarify the precise regulation relationship of
HIF-1a and to identify the specific downstream target
genes.

Although we have demonstrated the significance
of HIF-1a and P4HB in GC prognosis, the limitations
of this study, such as its retrospective study approach
and restricted sample size, should not be neglected.
Furthermore, we did not include analysis of neoadjuvant

Baishidenge ~ WJG | www.wjgnet.com

2389

chemotherapy as a factor affecting patient outcomes
in this study. Further studies should be undertaken to
understand better the molecular mechanism between
other biomarkers and survival in GC.

ARTICLE HIGHLIGHTS

Research background

The poor prognosis of patients diagnosed with gastric cancer (GC) reflects
the limitation of our arsenal of anticancer therapeutic strategies. Hypoxia is a
critical factor that shapes the GC microenvironment. However, the involvement
of GC cells under such conditions remains poorly explained. Although the core
transcription factor of the hypoxia signal pathway hypoxia-inducible factor-
1a. (HIF-1a) has been studied for decades, its prognostic value in GC is still
unclear and controversial.

Research motivation
In a previous report, we demonstrated that prolyl 4-hydroxylase beta (P4HB) is
a potential target of HIF-1a., but the exact mechanism was not determined.

Research objectives
The aim of the present study is to evaluate the prognostic value of HIF-1o. and
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P4HB in GC.

Research methods
This study included 428 patients with confirmed GC who underwent gastrectomy
in a single Chinese Cancer Center between 2009 and 2011. Clinicopathologic
features as well as immunohistochemical analysis of HIF- 1a and P4HB were
determined. Long-term survival of these patients was analyzed using univariate
and multivariate analyses.

Research results

P4HB was positively correlated with hypoxia-associated genes. HIF-1o and
P4HB overexpression were significantly correlation with TNM staging and
peritoneum cavity metastasis. In univariate analysis, patients with high HIF-
1o expression trend had a shorter disease-free survival and overall survival.
P4HB overexpression exhibited similar results. Furthermore, HIF-1¢. is a
clinicopathological predictor of dismal prognosis by multivariate analysis.

Research conclusions

The prognostic value of P4HB in GC was first reported. We confirmed that
HIF-10. overexpression could be considered a useful independent prognostic
biomarker in GC after gastrectomy and is correlated to both poor overall
survival and disease-free survival. Taken together with our previous research,
we are more determined that P4HB is a hypoxia-associated gene and regulated
by HIF-1c..

Research perspectives

Our research team will explore the mutual regulatory mechanism of HIF-1
and P4HB in future studies through mass spectrometry analysis and co-
immunoprecipitation. In addition, we will explore the relationship between the
two biomarkers by establishing animal models.
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