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[ Abstract | Objective: To explore a causal relationship between ferroptosis-related
gene heat shock protein A5 (HSPAS) and hepatocellular carcinoma (HCC). Methods:
A two-sample Mendelian randomization (MR) design was employed to evaluate the
causal relationships among HSPAS5, regulatory T cells (Tregs), and HCC. Single nucleotide
polymorphisms (SNPs) associated with HSPAS, Tregs and HCC were selected as
instrumental variables through publicly available genome-wide association studies (GWAS)
databases. MR analysis was used to assess the direct effect of HSPAS on HCC, followed
by two-step MR to analyze the potential mediating role of Tregs. Reverse MR analysis
was conducted with HCC as the exposure and HSPAS as the outcome. Inverse variance
weighting was the primary method for testing causal associations in all MR analyses.
Robustness of the results was confirmed through MR-Egger, weighted median, weighted
mode, and simple mode methods. Heterogeneity of instrumental variables was evaluated
using Cochrane’s () statistic, while pleiotropy was tested by MR-Egger intercept and MR-
PRESSO, with leave-one-out sensitivity analysis performed for robustness. Data from
The Cancer Genome Atlas (TCGA) and Human Protein Atlas (HPA) were utilized to
verify the expression levels of HSPAS in HCC tissues and its correlation with Tregs to
reveal the interaction mechanisms between HSPAS5 and Tregs in HCC progression and their
relationship with patient prognosis. Results: MR analysis showed a positive correlation
between elevated HSPA5 expression and HCC risk (all P<0.01), while reverse MR
analysis found no statistically significant association between HCC and HSPAS5 (P>
0.05). HSPAS expression was significantly correlated with Tregs function (all P<0.05),
and the enrichment of Tregs in HCC microenvironment was positively associated with
HCC progression (all P<0.05). Mediation analysis indicated that Tregs accounted for
5.00% and 7.45% of the mediation effect between HSPAS and HCC. TCGA and HPA
database analysis revealed that both HSPA5 mRNA and protein expression levels were
higher in HCC tissues compared to normal tissues, and high HSPAS expression was
significantly associated with poor prognosis. Immune infiltration analysis confirmed
a significant positive correlation between HSPAS and Tregs, with high Tregs infiltration
closely related to HCC progression. Conclusions: Elevated HSPAS expression is

significantly associated with HCC development and poor prognosis. HSPAS may promote
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HCC progression by regulating the function of Tregs in the tumor microenvironment.

[ Key words]|  Hepatocellular carcinoma; Heat shock protein A5; Ferroptosis;

Regulatory T cells; Mendelian randomization; Genome-wide association study
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[ 45B&IE | 4K 5% 8 AS(heat shock protein A5, HSPAS) ; &t H Ak it AL 4 B
(glutathione peroxidase , GPX) ; & 7% AR F4 #L4L (Mendelian randomization, MR) ; 4 &
B 48 % B% 5 #7 (genome-wide association study, GWAS) ; 3 4% 3 82 % & 1 (single
nucleotide polymorphisms, SNP) ; 1% 7 £ A A% (inverse variance weighted , IVW) s A
%% & Jit B 1% (Human Protein Atlas, HPA) ; 3% #£ 2 B 28 8 1% (The Cancer Genome
Atlas, TCGA) ;45 4% RNA (messenger RNA, mRNA ) ; }t{& b (odds ratio, OR) ; E13 X
1] (confidence interval, C1) ; f2. % P9 & 2 % B -F (vascular endothelial growth factor ,
VEGF) ; 2% P9 % A ¥ B F % 4k (vascular endothelial growth factor receptor, VEGFR) ;
R BAR KT A 11 (solute carrier family 7 member 11,SLC7A11) ; Egl-9 Rk A,
#% 7 B F (Egl-9 family hypoxia-inducible factor, EGLN)
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Figure 1 Flowchart of the mendelian randomization

analysis
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Table 1 Results of mendelian randomization analysis

W EEAR - (£ D, i H XCELL 77 % |
QUANTISEQ J5 ¥ #1 CIBERSORT-ABS 43 #7 15 |
HSPAS mRNA 35 5 5 915V T 40 i 19 A1 56 R4
4354 0.1257.0.2451 F10.2858 (] P<0.01) , F W]
HSPAS mRNA Kkt 595V T 40 02 2 0 %
IEASE . 45478, HSPAS R BEIE o 9 4% 815 1
T 4 Jfl 75 b 968 SO B vh B9 VR I 2 5 )9 Y fe 92

#* B e VAR IWIRZS B1E SEAH PAE ORfH 95%CI
HSPAS S (2848 MR-Egger 0.8738 0.2977 0.0991 2.3961 1.3368~4.2946
JA F {E 7 0.7664 0.2502 0.0022 2.1521 1.3179~3.5139
7 2 AL 0.7264 0.2149 0.0007 2.0676 1.3568~3.1505
(AN EES 0.8780 0.3244 0.0734 2.4060 1.2740~4.5436
TACARE 0.7770 0.2877 0.0737 2.1750 1.2376~3.8221
HSPAS S g (S UESE ) MR-Egger 0.6496 0.3828 0.2319 1.9147 0.9040~4.0548
IV GREERES 0.3612 0.2213 0.1026 1.4351 0.9300~2.2144
T3 25 AL 0.4951 0.2451 0.0434 1.6406 1.0147~2.6524
fA AR B 0.1582 0.3680 0.6963 1.1714 0.5694~2.4095
IEAREik: 0.2346 0.2715 0.4512 1.2643 0.7425~2.1528
HSPAS AP T 41 MR-Egger —0.0020 0.1917 0.9919 0.9979 0.6853~1.4528
TR {E 2% 0.2827 0.1471 0.0546 1.3268 0.9944~1.7701
W IR 0.2829 0.1443 0.0499 1.3269 1.0001~1.7605
TR AR KR 0.5244 0.3024 0.1579 1.6895 0.9340~3.0561
TECARE % 0.0304 0.1653 0.8631 1.0308 0.7456~1.4251
JETHE T 20 S (SEG4E ) MR-Egger 0.1014 0.081 0.2366 1.1067 0.9442~1.2970
T b 7 0.1290 0.0809 0.1109 1.1377 0.9708~1.3333
W 2 Ak 0.1283 0.0595 0.0311 1.1369 1.0117~1.2776
(L PANA 7S 0.0191 0.1057 0.8599 1.0193 0.8284~1.2539
TR AR 1 0.1376 0.0838 0.1267 1.1475 0.9736~1.3524
pERERE ) ] JH-9E (BIE S ) MR-Egger 0.0942 0.0627 0.1611 1.0988 0.9717~1.2425
JA F {E 7 0.1391 0.0624 0.0257 1.1492 1.0169~1.2985
W5 2 A 0.1304 0.0461 0.0047 1.1393 1.0408~1.2469
(L AN EES 0.1757 0.0874 0.0674 1.1921 1.0044~1.4148
IR EGE 0.1583 0.0676 0.0374 1.1715 1.0260~1.3376
S (29 4R HSPAS MR-Egger 0.0509 0.1483 0.7391 1.0522 0.7869~1.4071
IR E —0.0275 0.0247 0.2647 0.9728 0.9269~1.0211
W5 2E AL 0.0344 0.0823 0.6760 1.0350 0.8809~1.2161
TR AR ER —0.0245 0.0350 0.4992 0.9758 0.9111~1.0450
TEARECE —0.0282 0.0257 0.2994 0.9722 0.9244~1.0226
JH i (B UESR ) HSPAS MR-Egger 0.0271 0.1045 0.8193 1.0275 0.8373~1.2610
VGRS —0.0101 0.0379 0.7892 0.9899 0.9191~1.0662
5 25 I —0.0079 0.0318 0.8052 0.9922 0.9322~1.0560
7 B AR Kk 0.0467 0.0602 0.4939 1.0478 0.9313~1.1790
TACAR S 12 —0.0363 0.0440 0.4695 0.9643 0.8846~1.0511

HSPAS : AT AS; SEARIEZE ; OR: FUAE HE 5 CT: B AF X ] .
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Immune infiltration of regulatory T cells in hepatocellular

carcinoma



IR, AF BRI T O RE R BRI SE AR 11 AS 55T AR AR DG 2R A o PR BE AL A A0 - 697 -

K2 MRS BRI Z ARG SR 45 R

Table 2 Results of the heterogeneity and sensitivity analysis

MR 43 MR-Egger 5 25 AL MR-Egger MR-PRESSO
Cochran’s Q P& Cochran’s Q P{H Egger #k P1H Sl L P1E
HSPAS5 5 i (5504 ) 1.0290 0.5978 1.5411 0.6728 —0.0439  0.5485 22234 0.8523
HSPAS 55 i (B4 ) 4.9675 0.0834 5.8188 0.1208 —0.0442 0.6175  11.9221  0.2861
HSPAS5 59754 T 40l 1.7419 0.6277 5.5015 0.2396 0.0551 0.1479  13.7459  0.2918
AT T A R (SRR AR ) 6.2589 0.8555 6.4998 0.8888 0.0198 0.6331 154209  0.7023
LERERE ) i RST IR A e ) 8.9441 0.6270 9.6663 0.6452 0.0265 0.4136  21.0715  0.3634

MR : i R FEHLAL s HSPAS : PR B0 2 1 AS.

JiR 96 4 M, E1A 45 & 2 1 P300 38 i 2 Bt 1k
HSPAS B BRAET-" s 1L A1, HSPAS i it VEGFA/
VEGFR2 i& 72 {12 2 5% It i 98 2 & | 3F 38 1 P53/
SLCTA1/GPX4 i3t st Tt 17 Dh b
TR £5 HSPAS X A Ak A0 T A I 42 , imi -
XF HSPAS #EAT g f8 5 S0 i 40 ML R 4 2Rk pE T 1Yy
W

R Z BTSSRI RIE T e SR 1 R e AL
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A S A A TR AR B R AT R . 7
I 2 4 0 S B SO B v, S 1 T A0 AN AN A
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) A ) I T R 4 4L PR R A T K T e S
T 95 22 FIAFI SR B ARAR OC 1 o ix Se 41 i 8 2
22 FPHIL A T 25500 T 4 L AR S PR 240 B R K 248
(A3 1 , A4 A 11 )2 200 A A1 7 TL-10 A Ak
2 o NS I e SN NS v AR e s 11 U
T Ik B 41 I AH S BT S -4 FNRR e pEsET--12020 ]
LR 1 T 40 i R 1 B 1k S8 28 G0 X A it
AR, T2 I AR K e o Ik ah it
83 TR, BRAE T R TP T 4 AR R 4 e g 1k
JEJT R B EEAE . AR IE TSI 7 GPX4 AR
Sk VR T A0 RS E R B S, L = TR 5 iR
Jo 3o AR AL B AR 2R T S5 R T T AN R ) R E
T2 P M T 40 T GPX4 R S T I )
TR PG, S AN T R A K IR AR T R XS
G R 6 k(4 B A 5 AE SRR T R R T AR Y
e SRR W A AR R RS T ERBE T A G
FEN (40 EGLNI F1 EGLN3) , 3784k ET- 0] AAE Bkt
ST TR T A e AR e R

7R HSPAS 5 s 0 & A= R 7 T 40 i 5 1
S 0 A A2 Y B IE A G , HLHSPAS 55 30451 T 41 g
W S IEAR DG, BUAR A RON o L ER /N (B AT AT A
I HSPAS W 3 28 5% e 38 5 M T 40 i 19 R SE T~
PR 98 10 e A e o AFLRS IR0 1 T 40 ) v
A5 R A XA 5 , $R R AE HSPAS 5 T 1) 5 & vh
Al REAAE HA EE 2 A PR 7

25 b RS ERT T HSPAS 78 BT & SR i
AL S s L n AR BAE R A IR R T
BET B . AR RS TR T WM
FEAC MR FH 25 MR 43 BT i, A AR TV ETR
F= PR Z RN 1) R SR 52, S HR 2R HSPAS 5 14
ZI IR R B A8 T4 3 ke, it
S AR R Gris T i G2 E o SRR R IR i
E 20 IR T () KA , 4 T B T HSPAS 78 T3
A FHBILTRL , R SRR A T6 T SR AR AL T8 Ay a5
(A FE S5 FAT A R RIS vh i — 20 5
UE, DAB O3 3 R ik 7

A ST B L TR

Hg WP AR A o R AR R T R
(FZ2022084) 3§

Acknowledgements This work was supported by the
Zhenjiang City Guiding Science and Technology Development

Program (FZ2022084)

EFMRE IR RN Y
Ethical Approval This article does not contain any studies
with human participants or animals performed by any of the

authors

Pl A EE A AR g P



© 698 -

WL R 2R (R4 RT) Journal of Zhejiang University (Medical Sciences)

Conflict of Interests

The authors declare that there is no

conflict of interests

©The author(s) 2024. This is an open access article under the
CC BY-NC-ND 4.0 license (https://creativecommons. org/
licenses/by-nc-nd/4.0/)

22 3Lk (References)

(1]

2]

(3]

[4]

5]

(6l

[7]

(8]

91

[10]

[11]

[12]

HUANG J, NGAI C H, DENG Y, et al. Cancer incidence
and mortality in Asian countries: a trend analysis|J].
Cancer Control, 2022, 29: 10732748221095955.
ANWANWAN D, SINGH S K, SINGH S, et al. Chal-
lenges in liver cancer and possible treatment approaches
[J]. Biochim Biophys Acta Rev Cancer, 2020, 1873
(1): 188314.

LEI G, ZHUANG L, GAN B. The roles of ferroptosis
in cancer: tumor suppression, tumor microenvironment,
and therapeutic interventions[J]. Cancer Cell, 2024,
42(4): 513-534.

WRigi®, 7 #1, Jroebt, 55 BRAE T 5 E R IR MR
L], B K Z 2R (EFRR), 2020, 49(1): 44-57.
CHEN Junyi, YANG Xiang, FANG Xuexian, et al. The
role of ferroptosis in chronic diseases[J]. Journal of
Zhejiang University (Medical Sciences), 2020, 49
(1): 44-57. (in Chinese)

LU Y, CHAN Y T, TAN H Y, et al. Epigenetic regu-
lation of ferroptosis via ETS1/miR-23a-3p/ACSI14 axis
mediates sorafenib resistance in human hepatocellular
carcinoma[J]. J Exp Clin Cancer Res, 2022, 41(1): 3.
HUANG Y, WANG S, KE A, et al. Ferroptosis and its
interaction with tumor immune microenvironment in
liver cancer|J]. Biochim Biophys Acta Rev Cancer,
2023, 1878(1): 188848.

WANG Q, KE S, LIU Z, et al. HSPAS promotes the
proliferation, metastasis and regulates ferroptosis of
bladder cancer[J]. Int J Mol Sci, 2023, 24(6): 5144.
WANG R, HUA L, MA P, et al. HSPAS repressed
ferroptosis to promote colorectal cancer development
by maintaining GPX4 stability[J]. Neoplasma, 2022,
69(5): 1054-1069.

CARTER A R, SANDERSON E, HAMMERTON G,
et al. Mendelian randomisation for mediation analysis:
current methods and challenges for implementation[J].
Eur J Epidemiol, 2021, 36(5): 465-478.

FANG Z, SONG M, LEE D H, et al. The role of men-
delian randomization studies in deciphering the effect
of obesity on cancer|]J]. J Natl Cancer Inst, 2022, 114
(3): 361-371.

DENG C, GONG S, LIN L, et al. A human pan-cancer
system analysis of heat shock protein family A member 5
[J]. Am J Cancer Res, 2023, 13(5): 1698-1717.

GUO C, ZHAO W, WANG W, et al. Study on the

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

antitumor mechanism of tanshinone I[A in vivo and
in vitro through the regulation of PERK-ATF4-HSPAS
pathway-mediated ferroptosis[J]. Molecules, 2024, 29
(7): 1557.

LI J, XIAO W, WEI W, et al. HSPAS, as a ferroptosis
regulator, may serve as a potential therapeutic for head
and neck squamous cell carcinomalJ]. Mol Immunol,
2023, 158: 79-90.

WANG Y, LIU Y, WANG C, et al. EP300 promotes
ferroptosis via HSPAS acetylation in pancreatic cancer
[J]. Sci Rep, 2023, 13(1): 15004.

XU Y, XING Z, ABDALLA IBRAHIM SULIMAN R,
et al. Ferroptosis in liver cancer: a key role of post-
translational modifications[J]. Front Immunol, 2024,
15: 1375589.

WANG Q, SHU R, HE H, et al. Co-silencing of Birc5
(survivin) and Hspa5 (Grp78) induces apoptosis in
hepatoma cells more efficiently than single gene
interferencelJ]. Int J Oncol, 2012, 41(2): 652-660.
WOLF D, SOPPER S, PIRCHER A, et al. Treg(s) in
cancer: friends or foe?[J]. J Cell Physiol, 2015, 230
(11): 2598-2605.

GAO Y, YOU M, FU J, et al. Intratumoral stem-like
CCR4" regulatory T cells orchestrate the immunosup-
pressive microenvironment in HCC associated with
hepatitis B[J]. J Hepatol, 2022, 76(1): 148-159.
BOZWARD A G, WARRICKER F, 00 Y H, et al.
Natural killer cells and regulatory T cells cross talk in
hepatocellular carcinoma: exploring therapeutic options
for the next decade[J]. Front Immunol, 2021, 12:
643310.

TIE Y, TANG F, WEI Y Q, et al. Immunosuppressive
cells in cancer: mechanisms and potential therapeutic
targets[J]. J Hematol Oncol, 2022, 15(1): 61.

LI C, JIANG P, WEI S, et al. Regulatory T cells in
tumor microenvironment: new mechanisms, potential
therapeutic strategies and future prospects[J]. Mol
Cancer, 2020, 19(1): 116.

XU C, SUN S, JOHNSON T, et al. The glutathione
peroxidase Gpx4 prevents lipid peroxidation and
ferroptosis to sustain Treg cell activation and sup-
pression of antitumor immunity|J]. Cell Rep, 2021, 35
(11): 109235.

HUA Y, YANG S, ZHANG Y, et al. Modulating fer-
roptosis sensitivity: environmental and cellular targets
within the tumor microenvironment[J]. J Exp Clin
Cancer Res, 2024, 43(1): 19.

WU Q, YOU L, NEPOVIMOVA E, et al. Hypoxia-
inducible factors: master regulators of hypoxic tumor

immune escape[J]. J Hematol Oncol, 2022, 15(1): 77.

(A3 & Jr XImae]



