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Introduction

Hepatocellular carcinoma (HCC) is one of the most common malignancies in the
world.! An average of 700,000 new cases are diagnosed each year, 50% of which occur
in People’s Republic of China.? The Guangxi area has a high incidence of liver cancer,
where it is associated with a crude mortality rate of 27.31 per 10 million (41.78 males
and 11.71 females per 10 million), placing it first among all types of malignant tumors.?
Some HCC patients may chronically experience negative emotions related to their
health condition, especially because of the lack of appropriate long-term psychological
counseling and social support.

This negative emotional state, like other psychosocial factors, may reduce the number
of immune cells and cytokine secretion* by influencing the axis comprising the hypotha-
lamic—pituitary—adrenal gland, gonads, and thyroid, which regulates neurotransmitter
secretion.® In this way, negative emotional state may increase susceptibility to cancer
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conduct immune surveillance and repair damaged DNA. This facilitates the transforma-
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Liver cancer patients show varying extents of depression,
anxiety, and other adverse emotions. Moderate psychological
intervention can significantly improve the quality of life of
patients with liver cancer.'®!" If biomarkers of depression-
related liver cancer could be identified, they might enable
earlier diagnosis and more personalized prevention and
treatment.

In order to identify such biomarkers and help elucidate
HCC pathways that may occur in a background of depression,
we performed isobaric tagging of proteins in tumor tissues
from HCC patients with or without depression. We identi-
fied 89 proteins that were upregulated and 44 that were
downregulated in the presence of depression. Gene ontology
and pathway analyses were performed, and protein—protein
interaction (PPI) networks and modular analyses were carried
out to identify central (hub) proteins in depression-related
HCC. Potential correlations of these hub proteins and key
pathways with clinicopathological features and prognosis
were explored.

Methods

The study protocol for this trial was approved by the Guangxi
Medical University Affiliated Tumor Hospital Ethics
Committee and was designed in accordance with the Helsinki
Declaration (2013 version). Written informed consent was
obtained from all patients.

Patients and tissue samples

Fresh HCC tissues were taken from the Tumor Tissue
Bank of the Affiliated Tumor Hospital of Guangxi Medical
University. Tissues had been removed from 131 patients with
HCC who underwent liver resection at the Affiliated Tumor
Hospital of Guangxi Medical University between June 2014
and February 2015.

Diagnostic criteria

HCC tissues were taken from patients who had been diag-
nosed with HCC strictly according to the guidelines of the
American Association for the Study of Liver Diseases.!
Tumors were staged according to the Barcelona Clinic Liver
Cancer system.'?

Inclusion criteria

HCC tissues were included if the patient 1) had been diag-
nosed with HCC based on liver tissue pathology; 2) could
understand and communicate well enough to complete the
depression assessments in this study; 3) had no personal
or family history of mental illness or unconsciousness;

and 4) provided written informed consent to participate in
the study.

Exclusion criteria

Patients and their tumor tissue were excluded from the study
if they 1) were diagnosed with a condition other than HCC;
2) were diagnosed with a combination of HCC and another
malignancy; 3) could not understand or communicate suf-
ficiently to complete the depression assessments in this study;
4) had personal or family history of mental illness; or 5) did
not want to participate in this study.

Follow-up

All patients were followed-up at 1 month after hepatectomy
and every 3 months thereafter. During each follow-up visit,
the following tests were performed: chest X-ray, abdominal
computed tomography or magnetic resonance imaging, serum
alpha-fetoprotein assay, and abdominal ultrasonography. The
last follow-up was August 2017.

Depression assessment

All patients in the study were assessed for the presence and
severity of depression. The Self-Rating Depression Scale
(SDS)'" features 20 items that are scored to yield a depression
severity index (total score/80). An index below 0.50 is con-
sidered to indicate no depression; 0.50—-0.59, mild depression;
0.60—0.69, moderate depression; and >0.70, severe depres-
sion. The Hospital Anxiety and Depression Scale-Depression
(HADS-D)' has 14 items, each of which is assigned
0-3 points. Overall scores of 0—7 are considered to indicate
no depression; 810, suspected depression; and 11-21, likely
depression. For the purposes of the present study, we defined
no depression as SDS<<0.5 and HADS-D<7; mild depres-
sion, 0.5<SDS<0.59 and 8<<HADS-D<10; and moderate/
severe depression, SDS>0.6 and HADS-D>11.

Proteomic analysis

Total protein was extracted from tumor tissues, and protein
concentration was determined using the Bradford method
and confirmed by sodium dodecyl sulfate—polyacrylamide
gel electrophoresis. Proteins were reduced, cysteines were
blocked, and proteins were digested with trypsin (trypsin:
protein, 1:40). The trypsin was added, the mixture was vor-
texed, and the digestion was allowed to proceed overnight
at 37°C. The differential marker for isobaric tagging for
relative and absolute quantitation (iTRAQ) was separated
by reverse-phase liquid chromatography on a reverse-
phase separation column (ZORBAX 300SB-C18 column,
5 um, 300 A, 0.1-15 mm [Microm, Auburn, CA, USA]).
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Eluted polypeptides were analyzed using tandem mass spec-
trometry on an online QSTAR Pulsar™ XL MS/MS system
(Applied Biosystems-MDS Sciex, Foster City, CA, USA) and
RPLC column (ZORBAX 300SB-C18 column, 5 um, 300 A,
0.1-15 mm [Microm]). The iTRAQ-tagged peptides were
fragmented at 113.1, 116.1, 117.1, 118.1,and 119.1 on CID,
generating reporter ions while also producing peptide frag-
ment ions. This allowed sequencing of the tagged peptides
and identification of the corresponding proteins. The ratio
of peak areas for the three iTRAQ reporter ions reflects the
relative abundance of peptides and proteins in the sample.

Gene ontology and pathway enrichment
analysis

Candidate functions and pathways enriched in the presence
of depression were analyzed using several online databases,
including DAVID, KEGG PATHWAY (www.genome.jp/
kegg), Reactome (www.reactome.org), BioCyc (biocyc.org),

and Funrich V3 software. Ontology analysis of differentially
expressed proteins was performed using DAVID and Funrich
version 3. In most analyses, the definition of statistical sig-
nificance was P<<0.05.

PPl network and modular analysis

PPI network was analyzed using the STRING website (http://
string-db.org). Potential relationships between candidate
differentially expressed proteins and the degree of nodes
were identified using Cytotype software. Proteins in central
nodes may be hub proteins with important regulatory func-
tions. The most significant modules from the PPI network
were analyzed further using Cytotype MCODE.

Quantitative RT-PCR

Total RNA was extracted from tumor tissue using Trizol
reagent (Thermo Fisher Scientific, Waltham, MA, USA). Com-
plementary DNA was generated using the PrimeScript reverse
transcription kit (Takara, Tokyo, Japan) according to the manu-
facturer’s instructions. Primers were designed according to the
Genbank database (National Center for Biotechnology Informa-
tion, Bethesda, MD, USA) and Primer 6.0 software (Primer-E,
Auckland, New Zealand). Results were analyzed using the ABI
StepOne Plus System (Applied Biosystems) Levels of target
mRNASs were quantitated relative to levels of glyceraldehyde-
3-phosphate dehydrogenase mRNA using the AC, method.

Immunohistochemistry
Tissue sections were embedded in paraffin, dewaxed,
hydrated, and subjected to antigen recovery with pressurized

cooking. Samples were incubated with rabbit monoclonal
anti-HSPA8/90AA1 antibody (1:1,000; Abcam, Cambridge,
UK), washed, and incubated with goat anti-rabbit biotin-
conjugated secondary antibody (ZSGB, Beijing, People’s
Republic of China), then stained with 3,3-diaminobenzidine
tetrahydrochloride. HSPA8/90AAT1 protein expression was
quantitated based on integrated optical density of anti-
body staining.

Western blotting

HCC tissues were lysed in RIPA (Solarbio, Beijing, People’s
Republic of China) buffer containing 1 mmol/L phenyl-
methanesulfonyl fluoride (Solarbio), and proteins were col-
lected by centrifugation at 12,000 xg for 10 minutes at 4°C.
Protein concentration was determined using a bicinchoninic
acid kit (Beyotime, Shanghai, People’s Republic of China).
Membranes were blocked for 2 hours with 5% skim milk in
PBS containing Tween 20, and then incubated with rabbit
anti-HSPA8/HSP90AA1 mAD (1:1,000, Abcam) overnight
at 4°C. After washing 3 times each for 5 minutes in PBS
containing Tween 20, membranes were incubated with goat
anti-rabbit horseradish peroxidase-conjugated antibody
(1:5,000) for 2 hours at room temperature. Bands were
observed using enhanced chemiluminescence (Beyotime).
All experiments were performed 3 times.

Statistical analysis

Data were reported as meantSD or median and range as
appropriate. Intergroup differences in categorical data were
assessed for significance using the y* test or Fisher’s exact
test (2-tailed), whereas differences in continuous data were
assessed using the Mann—Whitney U test. Overall survival
was analyzed using the Kaplan—Meier method and compared
between groups using the log-rank test. Multivariate Cox
proportional hazard modeling was performed to identify
independent prognostic factors based on adjusted HRs
and associated 95% CIs. All statistical analyses were per-
formed using SPSS 20.0 (IBM Corporation, Armonk, NY,
USA). For all tests, P<<0.05 was considered statistically
significant.

Results
Identification of proteins differentially

expressed in depression-related HCC

Twenty patients were assessed for the presence and severity of
depression based on the HADS-D and SDS scales. In the end,
10 patients were assigned to a group with moderate/severe

OncoTargets and Therapy 2018:1 |

submit your manuscript

3015

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.genome.jp/kegg
http://www.genome.jp/kegg
http://www.reactome.org
http://biocyc.org
http://string-db.org
http://string-db.org

Xiang et al

Dove

depression, whereas the other 10 were assigned to a con-
trol group with no or mild depression. The combination of
iTRAQ, 2-dimensional liquid chromatography and tandem
mass spectrometry identified 133 proteins differentially
expressed between the 2 patient groups: 89 proteins were
upregulated and 44 were downregulated in the presence of
moderate/severe depression (Figure 1A, Table S1).

Ontology analysis of differentially
expressed proteins

Proteins differentially expressed in the presence of moderate/
severe depression could be divided into a molecular func-

tional group, biological process group, and cell component
group (Figure 1C and D, Tables S2 and S3).

Analysis of signaling pathway enrichment
Proteins upregulated in the presence of moderate/severe
depression comprised proteins involved in signaling events
mediated by proteoglycan syndecan-1, VEGF, VEGFRI,
VEGFR2, and 09 B1 integrin. Proteins downregulated in the
presence of moderate/severe depression are involved mainly
in biological oxidations, D-glucuronate degradation I, plate-
let degranulation, fat metabolism, and glucose metabolism
(Figure 1E, Tables S2 and S3).

PPl analysis

The PPI network contained 101 nodes and 575 edges. Apply-
ing a filter of degree >10 criteria, we identified 10 central
node proteins: HSP9OAA 1, HSP9OAB1, HSPAS, PIK3CA,
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Figure | Volcanic plot analyses of iTRAQ data showing proteins differentially expressed with fold changes >2.0 (P<<0.05) between patients with moderate/severe or mild/
no depression (A). DFS curves for patients with hepatocellular carcinoma involving varying degrees of depression (B). Gene ontology analysis (molecular function, biological
process, and cellular component) of proteins upregulated (C) or downregulated (D) in the presence of moderate/severe depression. Functional analysis of differentially
expressed proteins and signaling pathway enrichment were conducted using online websites of the KEGG PATHWAY of proteins upregulated (Ea) or downregulated (Eb).
PPI network and module analysis of differentially expressed proteins (Fa). Module analysis showing 30 nodes and 206 edges (Fb).

Note: Group A: no depression, group B: mild depression, group C: moderate/severe depression.

Abbreviations: DFS, disease-free survival; PPI, protein—protein interaction.

PKM, MAPKI1, HSPA9, TKT, HSPA1A, and ALDOB.
Applying a filter of betweenness >1,000, we identified
8 central node proteins: HSP9OAA1, HSPAS, ALDHIBI,
CANX, ENO1, HSP90AB1, PGM1, and P4HB. In this way,
HSP90AA1 and HSPAS emerged as significant hub proteins
(Figure 1Fa). We chose the most significant modules from
the PPI network for further analysis by Cytotype MCODE
(Figure 1Fb).

These results suggest that HSP9OAA1 and HSPAS may
be important hub proteins in depression-related HCC and
may affect prognosis via the VEGF/VEGFR2-PI3K-AKT
signaling pathway (Figures 1 and S1).

Study population
A total of 131 patients (112 males) with a median age of
49 years were enrolled in this prospective study, of whom

45 showed no depression, 38 showed mild depression, and
48 showed moderate/severe depression based on the HADS-D
and SDS scales. Clinicopathological characteristics are pre-
sented in Table 1. The 3 patient groups did not differ signifi-
cantly (all P>0.05) except that patients with moderate/severe
depression had significantly larger tumors and higher aspartate
transaminase levels than the other 2 groups (all P<<0.05).

Depression and other predictors of poor

disease-free survival (DFS)

A total of 67 (51.1%) patients experienced tumor recurrence
within 18 months after liver resection, including 20 (44.4%)
with no depression, 18 (47.3%) with mild depression, and
29 (60.4%) with moderate/severe depression. Median DFS
was 10 months among all patients, 8 months among patients
with moderate/severe depression, 14 months among patients

OncoTargets and Therapy 2018:1 |
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Table | Baseline characteristics of 131 patients with HCC who
underwent liver resection

Variable Group A GroupB GroupC P-value
(n=45) (n=38) (n=48)
Gender 0.262
Male 34 34 39
Female I 4 9
Age, years 49.5£10.7 49.0t11.1 479102 0.110
Tumor size, cm 7.9433 8.5+4.3 8.1+4.8 0.057
Tumor number 0.847
Single 29 26 30
Multiple 16 12 18
Cirrhosis 0.774
Absent 3 4 5
Present 42 34 43
HBsAg, + 31/14 27/11 33/15 0.969
HCsAg, £ 1/44 0/38 1147 0.659
AFP, ng/mL 0.292
=400 19 20 28
<400 26 18 20
Macrovascular invasion 0.941
Yes 7 7 8
No 38 31 40
BCLC stage 0.807
A 23 23 27
B 16 9 13
C 6 6 8
ALB, g/dL 42.545.1 43.0£3.9 40.844.1 0.055
PT, sec 13.4£1.3 13.4+1.4 13.7£1.1 0.671
ALT, IU/L 42.0+28.0 45.4+27.0 49.6+24.6 0.311
AST, IU/L 45.4+26.8 48.0+254 62.2+51.3  <0.001
Direct bilirubin, g/dL  5.8+2.0 5.6+2.8 5.743.2 0.233
Total bilirubin, mg/dL  11.6£4.9 12.3£5.7 13.315.4 0.174
Platelet count, p/L 197.3482.3 197.9+85.7 200.1+87.5 0.138
SDS score 0.23+0.11  0.54+0.05 0.68+0.17  <0.001
HADS score 3.17£2.67  8.25%1.71 16.47+2.89 <0.001

Notes: Values are n or n (%) or meanSD. Group A: no depression, group B: mild
depression, group C: moderate/severe depression.

Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotrans-
ferase; BCLC, Barcelona Clinic Liver Cancer; HADS, Hospital Anxiety and Depres-
sion Scale; HCC, hepatocellular carcinoma; PT, prothrombin time; SDS, Self-Rating
Depression Scale.

with no depression, and 13 months among patients with mild
depression. DFS was similar between patients with no or
mild depression (P=0.810).

DFS rates among all patients were 65.3% at 6 months,
47.3% at 12 months, and 36.7% at 18 months. DFS rate
was significantly lower in patients with moderate/severe
depression than in patients with no and mild depression at
6 months (52.8% vs 64.8%/65.9%), 12 months (36.1% vs
50.0%/52.1%), and 24 months (28.9% vs 40.1%/41.6%)
(Figure 1B). Uni- and multivariate analyses identified mac-
rovascular invasion, high HSP70 expression, and moderate/
severe depression as predictors of poor DFS (Table 2).

Expression of HSP90AA| and HSPAS8
in HCC tissues

Expression was assessed at the mRNA level by quantitative
reverse transcription polymerase chain reaction (QRT-PCR) and
at the protein level by Western blotting and immunohistochem-
istry. Mean HSPA8 mRNA level was significantly higher in
patients with moderate/severe depression (n=45) than in patients
with no depression (n=48, P<<0.001) or mild depression (n=38,
P<0.001; Figure 2A). Similarly, mean HSP9OAA1 mRNA
level was significantly higher in patients with moderate/severe
depression (n=45) than in patients with no depression (n=48,
P<0.01) or mild depression (n=38, P<<0.001; Figure 2A).
There was no significant difference in HSP9OAA1 mRNA level
between patients with no or mild depression (P=0.891).

Consistent with these results at the mRNA level, Western
blotting showed significantly higher levels of HSP90AAI
and HSPAS proteins in patients with moderate/severe
depression than in the other 2 groups (Figures 2B and S2).
Similarly, immunohistochemistry indicated higher levels
of HSP90OAA1 and HSPAS in the presence of moderate/
severe depression (Figure 2C). These findings suggest that
HSPAS and HSP9OA A1 may be biomarkers of HCC-related
to moderate/severe depression.

Correlation of HSP90AA I/HSPA8
upregulation with upregulation of proteins

in the VEGF/VEGFR2-PI3K—AKT pathway
Western blotting and qRT-PCR showed higher levels of
HSP90AA1, HSPAS8, VEGF, VEGFR2, PI3K, and AKT1
expression in patients with moderate/severe depression than
in the other patient groups as well as lower caspase 9 and
BAD expression (Figure 3).

Discussion

Our results with a population from Guangxi, which has a
high incidence of liver cancer,'* ¥ suggest that a substantial
proportion of patients suffer depression and that this may
affect prognosis. Posthepatectomy DFS in our cohort was
significantly longer, and DFS rates higher, among patients
with no or mild depression than among those with moderate/
severe depression, and poor DFS correlated with higher
HSP90AA 1/HSPAS expression. Our comprehensive analysis
of proteins differentially expressed between HCC patients
with moderate/severe or mild/no depression indicates a cor-
relation between high HSP90OAA1/HSPAS expression and
activation of the VEGF/VEGFR2-PI3K—-AKT pathway. It is
tempting to speculate that this activation contributes to poor
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Table 2 Uni- and multivariate analyses to identify factors influencing early tumor recurrence after liver resection in patients with HCC

Variable Univariate Multivariate
HR 95% ClI P-value HR 95% CI P-value
Age >60 years 1.473 0.836-2.595 0.180
Male gender 1.367 0.689-3.174 0.466
Tumor >10 cm 0.931 0.554-1.564 0.787
Multiple tumors 0.815 0.482-1.378 0.444
AST >40 U/L 0.714 0.439-1.662 0.175
Serum AFP >400 ng/mL 1.289 0.790-2.102 0.309
ALT >40 U/L 1.166 0.719-1.892 0.533
Total bilirubin >12 mg/dL 0.957 0.590-1.553 0.860
Direct bilirubin >7 g/dL 1.348 0.783-2.320 0.281
ALB >40 g/dL 1.147 0.667-1.973 0.619
Platelets >100 u/L 0.724 0.358-1.465 0.369
PT >13 sec 1.102 0.660-1.839 0.710
Macrovascular invasion 1.457 1.127-3.021 0.038 1.476 1.114-2.961 0.040
BCLC stage C 1.064 0.711-1.468 0.705
High HSP70 expression 2.191 1.172-4.312 0.017 2312 1.401-4.941 0.011
Moderate/severe depression 2.380 1.342-4.341 <0.001 2.527 1.457-5.341 <0.001

Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate transaminase; BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular

carcinoma; PT, prothrombin time.

DFS by inducing endothelial cell proliferation and migration,
which promotes angiogenesis and tumor growth,' as well
as by inhibiting expression of BAD and caspase 9, which
reduces tumor cell apoptosis.? In this way, the present study
has generated testable hypotheses for future research that
may improve our understanding of depression-related HCC
and identify biomarkers that can detect it early.
HSP90AAT is a chaperone that is highly conserved
among eukaryotes. It plays an important role in tumor cell
proliferation, differentiation, survival, and movement as well
as angiogenesis. It is an emerging target for tumor therapy.?!
HSP90AAL is highly expressed in a variety of malignancies
including breast, endometrial, ovarian, colon, lung, and
prostate cancers.?* During malignant tumor growth, it helps
regulate mitochondrial apoptosis and signaling transduction
triggered by the death receptor, stress signals, and growth
factors.”> HSP9OAAT can inhibit the initiation of apoptosis
by preventing the binding of caspase 9 to apoptotic protein 1
activator.?’ In human leukemia cells, HSP90AA1 is inhib-
ited and tyrosine kinase, Akt protein kinase B, and serine—
threonine kinase are degraded, so that cells avoid apoptosis
and undergo differentiation.”® HSP90OAA1 also promotes
tumor formation by stabilizing mutant p53 complexes and
thereby inhibiting apoptosis.?’ The ATPase inhibitor kaloxin
inhibited proteolytic degradation of caspase 9 by activity of
HSP90AA1.2 In NIH3T3 cells, HSP9OAA 1 overexpression
can inhibit apoptosis induced by tumor necrosis factor-o..?
HSPAS are stress proteins, and their overexpression in
depression-related HCC may reflect that depression can

expose patients to chronic stress. HSPAS is involved in the
regulation of tumor cell proliferation and apoptosis, which
is closely related to the development, biological behavior,
and prognosis of HCC and other tumors.** In early liver
cancer, HSPAS is expressed abnormally in the cytoplasm
and nucleus, and its expression increases with disease pro-
gression, whereas its expression remains negligible or low in
precancerous lesions and proliferative nodules. So, HSPAS
detection can be used for early detection of liver cancer-
sensitive indicators. In fact, HSPAS has been suggested as
an early biomarker of liver cancer.*® The upregulation of
HSPAS in depression-related HCC may be an anticancer
response. Udono and Srivastava®® have shown that HSPAS
in tumor cells binds to tumor-specific antigenic polypeptides
to facilitate their recognition by the host immune system.
HSPAS can also induce maturation of antigen-presenting
cells, promoting the transformation of Th cells into Th1 cells,
directly activating TCRYST cells and natural killer cells.?!
Activation of the signal transduction pathway of VEGF
and its receptor VFGFR can stimulate the proliferation and
migration of vascular endothelial cells, angiogenesis in HCC,
and promote tumor growth and metastasis.** HCC cells must
form new blood vessels to obtain sufficient oxygen and
nutrition to support their rapid growth.* This rapid growth
can lead to hypoxia within tumors, triggering expression of
hypoxia-inducible factor and VEGF. VEGF production is
also induced by matrix metalloproteinases, IFN-o and -y, and
NF-kB during HCC progression.** VEGF binds to its receptor
VEGER to activate a series of signal transduction pathways,
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Figure 2 Levels of mMRNAs encoding HSP90AAI or HSPA8 based on qRT-PCR (A). Levels of HSP90AAI and HSPA8 protein based on Western blotting (B). Levels of
HSP90AAI and HSPAS protein based on immunohistochemistry (magnification, 200x) (C).

Note: *P<0.01; ***P<0.001.

Abbreviation: qRT-PCR, quantitative reverse transcription polymerase chain reaction.

leading to the release of various growth factors and cytokines  a classic signaling pathway that promotes endothelial cell
that promote the migration, proliferation, and survival of  proliferation and survival, inhibits apoptosis, and promotes
neonatal endothelial cells around the tumor. This leads to  angiogenesis. Some studies have shown that VEGF-triggered
vascular proliferation around the tumor. VEGF—AKT drives  cascades cause the downstream effector PI3K—AKT to inhibit
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depression, based on Western blotting (A) and qRT-PCR (B).
Note: *P<0.05; **P<<0.01; ***P<0.001.

Abbreviations: HCC, hepatocellular carcinoma; qRT-PCR, quantitative reverse transcription polymerase chain reaction.

BAD and caspase 9, leading to reduced tumor cell apoptosis.
The VEGF-AKT pathway can also promote endothelial
cell proliferation and angiogenesis through mTORC2
and FOXO1."937%

Limitations of our study include the fact that the data
come from a small patient population at a single center, which
increases the risk of systematic errors and bias. Follow-up was
relatively short; as a result, few patients underwent surgical
resection after tumor recurrence during the study. It would be
important to assay recurrent tumors for HSP9OAA1/HSPAS
expression, which we plan to do in future work.

Conclusion

Our findings suggest that a substantial proportion of HCC
patients in this HCC-endemic region of Guangxi suffer depres-
sion, and that moderate/severe depression can significantly

affect post hepatectomy prognosis. Moderate/severe depres-
sion in HCC may be associated with upregulation of
HSP90AA1 and HSPAS, which in turn correlates with acti-
vation of the VEGF/VEGFR2 pathway. This activation
may contribute to HCC recurrence. Future studies should
explore the potential usefulness of HSP90OAA1 and HSPAS as
biomarkers of depression-related HCC, which may facilitate
early diagnosis and individualized prevention and treatment.
HCC patients who have moderate/severe depression and high
expression of HSP9OAA 1 and HSPAS may benefit from more
intensive psychological intervention and postsurgical care as
well as more frequent follow-up.
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