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BE Bf 8T U RN 5% % (BIDC) M2k & & 2 W& 1(IRS1) R G £ R B % & 8 3(PRSS3) & & R ik 5B LE G
%8 B(p-AKT) R A AR TG # A, %45 2017 F 1 A £ 2018 4 12 A & I%0k04 49 363 4] BIDC &%, % A %05 2040 x40
M 2 F Ky 4 BIDC 20 282 Fo % 2122 F IRS1 % & PRSS3 & & vl & p-AKT %.ik, Wik BIDC R F % ® 454 IRS1 & & .
PRSS3 & & &3k £ 7+, Spearman #48% 447 IRS1 & & \PRSS3 & & £ ik 5 p-AKT Ak eyt tk. REEHEF, £ A Ka-
plan-Meier % 7% 5#7 . Cox K& b5 =12 547 IRS1 & & .PRSS3 & & %k ik 5 BIDC &2 FUso# 4, &R :BIDC 2042+ IRSI &
& .PRSS3 & & .p-AKT a1 £ ik %455 % 68.87%.58.13%.68.04%, 3 & F 5+ BB L0849 46.56%.40.50%.41.60%(P<<0.05), IRS1 &
& £k PRSS3 & & k& ik 5 p-AKT %k ¥ £ EA48 % (1s=0.805.0.796,P<0.05), AFyg A #2>2 cm A& ¥ & 5-1L AICC 21 4 11 1
1 %% IRS1 & & Mk £k &5 T B A%< 2em, SEH1L AICC o814 1 09 &% (P<0.05),AJCC %2 11 #1 \HER-2
Fa b & ik Ki-67 A b & ik 69 % % PRSS3 & G Mtk £ ik & & F AICC #4124 1 #1 HER-2 M M & ik Ki-67 WM Ak 6 %%
(P<<0.05), Kaplan-Meier 4 % %-#7 % = IRS1 & & .PRSS3 & & Mk & ik & PFS 4 A & OS 4 4 #4&F IRS1 & ¢& .PRSS3 & &
P k& % 4 (P<0.05), % HA% COX RI&f =22 87 AICC 54111141 . IRS1 & & fa & ik  PRSS3 & & [ & i 52 BIDC
BHETE R B AR EZE(P<0.05), £5i8:BIDC #4127 F IRS1 & & \PRSS3 & & A1 & ik &3¢ % IRS1 & & .PRSS3 & & THE
@it Y p-AKT A5 BIDC &z it R it 42,
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Relationship Research between the IRS1, PRSS3 Protein Expression and
Phosphorylated Protein Kinase B Expression and Prognosis

in Breast Invasive Ductal Carcinoma*
Ll Jie, LIU Zi-meng, ZHENG Yi-qiong, XIE Meng-bo, WANG Zheng-tang
(Department of General Surgery, The First Medical Center of PLA General Hospital, Beijing, 100853, China)

ABSTRACT Objective: To investigate the relationship between the insulin receptor substrate 1 (IRS1) protein, serine proteinase 3
(PRSS3) protein expression and the phosphorylated protein kinase B (p-AKT) expression and prognosis in breast invasive ductal carcinoma
(BIDC). Methods: 363 patients with BIDC who were admitted to our hospital from January 2017 to December 2018 were selected. Im-
munohistochemical method was used to detect the IRS1 protein, PRSS3 protein and p-AKT expression in surgically resected BIDC can-
cer tissues and paracancerous tissues. The expression differences of IRS1 protein and PRSS3 protein in different pathological characteris-
tics of BIDC were compared. Spearman rank correlation analysis was used to analyze the correlation between the IRS1 protein, PRSS3
protein expression and p-AKT expression. Postoperative follow-up was performed regularly. Kaplan-Meier survival analysis and Cox risk
ratio regression were used to analyze the relationship between the IRS1 protein and PRSS3 protein expression and the prognosis of pa-
tients with BIDC. Results: The positive expression rates of IRS1 protein, PRSS3 protein and p-AKT in BIDC tissue were 68.87%,
58.13% and 68.04%, respectively, which were all higher than 46.56%, 40.50% and 41.60% in control group (P<0.05). The IRS1 protein
expression, PRSS3 protein expression were positively correlated with p-AKT expression (rs=0.805, 0.796, P<0.05). The positive expres-
sion rate of IRS1 protein in patients with tumor diameter > 2 cm, low to moderate differentiation and AJCC stage II were higher than that
in patients with tumor diameter < 2 cm, high differentiation and AJCC stage I (P<0.05). The positive expression rate of PRSS3 protein in
patients with AJCC stage II, HER-2 positive expression and Ki-67 positive expression were higher than that in patients with AJCC stage
I, HER-2 negative expression and Ki-67 negative expression (P<0.05). Kaplan-Meier survival analysis showed that the PFS survival rate

and OS survival rate of patients with positive expression of IRS1 protein and PRSS3 protein were lower than those with negative expres-
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sion of IRS1 protein and PRSS3 protein (P<0.05). Multivariate COX proportional regression analysis showed that AJCC stage III, IRS1

protein positive expression and PRSS3 protein positive expression were risk factors for poor prognosis of patients with BIDC(P<0.05).

Conclusions: The positive expression rates of IRS1 protein and PRSS3 protein in BIDC cancer tissues are increased, and IRS1 protein

and PRSS3 protein may participate in the progression of BIDC cancer by regulating p-AKT.
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B FEARRAEYRHHABRA R ER#E 15 min, PBS
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R FREAHIA IRST & H PRSS3 FH £k 5 p-AKT Kk HH
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& 1 BIDC HMEFHF IRS1 FEA PRSS3 B H ..p-AKT FikZE F[n(%)]
Table 1 Expression differences of IRS1 protein, PRSS3 protein and p-AKT between BIDC group and paracancerous group [n(%)]

IRS1 protein PRSS3 protein p-AKT
Tissues n
Positive Negative Positive Negative Positive Negative
BIDC tissues 363 250(68.87) 113(31.13) 211(58.13) 152(41.87) 247(68.04) 116(31.96)
Paracancerous tissues 363 169(46.56) 194(53.44) 147(40.50) 216(59.50) 151(41.60) 212(58.40)
X 37.030 22.572 51.253
P 0.000 0.000 0.000

2.2 IRS1 &H.PRSS3 BAKIES p-AKT RiAMHEXME

IRS1 % 31k PRSS3 KA p-AKT ik 2 IEAH
5 (1s=0.805,0.796,, P=0.000,0.000)
2.3 7@ BIDC 5 FRHFIE4SAE IRS1 . PRSS3 B FIALLE

iR B4 >2 em, fRPEEIME AICC 23000 TR RIILBII S 7225 (P>0.05), L3 2.

IRS1 2 H FAPER KA T M EARS 2 em, @m0 AJCC

3R T IR (P<<0.05),AJCC 4341k 11 1] \HER-2 FH{%
Fik (Ki-67 BH M 235 1) B # PRSS3 & (MM RBE R & T
AJCC 43144 1 9 \HER-2 FE 5 Ki-67 BRIk 0 B4
(P<<0.05), HEfRHE4HEE IRST 4  PRSS3 & [ FH ML

% 2 7[E BIDC I RImIR4FAE IRS1 B 5 PRSS3 B AR ik LB [n(%)]
Table 2 Comparison of the expression of IRS1 protein and PRSS3 protein in different clinicopathological characteristics of BIDC[n(%)]

Clinicopathological IRS1 protein PRSS3 protein
characteristics n=363 positive( 250 cases) x F positive(211 cases) 0.002 P
Age
<50 years 128 81(63.28) 2.881 0.089 72(56.25) 0.286 0.593
2 50 years 235 169(71.91) 139(59.15)
Tumor diameter
>2cm 179 146(81.56) 26.540 0.000 101(56.42) 0.420 0.517
< 2cm 184 104(56.52) 110(59.78)
AJCC stage
Stage [ 172 98(56.98) 21.569 0.000 72(41.86) 14.627 0.000
Stage 11 191 152(79.58) 139(72.77)
Differentiation degree
High differentiation 102 59(57.84) 8.047 0.005 57(55.88) 0.294 0.588
Low to moderate
differentiation 261 191(73.18) 154(59.00)
ER
Positive 128 82(64.06) 2.501 0.140 82(64.06) 2.862 0.091
Negative 235 168(71.49) 129(54.89)
PR
Positive 151 100(66.23) 0.844 0.358 85(56.29) 1.362 0.243
Negative 212 150(70.75) 126(59.43)
HER2
Positive 113 80(70.80) 0.284 0.594 76(67.26) 5.619 0.018
Negative 250 170(68.00) 135(54.00)
Ki-67
Positive 190 134(70.53) 0.510 0.475 125(65.79) 9.618 0.002
Negative 173 116(67.05) 86(49.71)
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24 R[E IRSI HH.PRSS3 EHKIL BIDC BEAFERILE

ARBETIA L 2021 4 3 7,363 fil & 17 29 6, T
RV 25(12~36)4H , BEVTEIRIZET 64 fi], 5 K455 48 fi,
IRS1 %& |1 [HPE 2353 3 4F PFS £ £ % 0OS EAEZ 43
63.20%(146/231) . 77.49%(179/231) , {ik T IRS1 & [ =3k

H 1y 73.79%(76/103) .88.35%(91/103 ) ; PRSS3 75 1 BH P F 3k
¥ 3 4F PFS ML A7 % .0S M A7 4N 9K 61.97% (145/234) .
75.64% (177/234), {i& T PRSS3 & 4 [ P % 15 Y 77.00%
(77/100).93.00% (93/100) ( Log —Rank x*=4.900.6.068;7.947 .
13.700, P=0.027,0.014;0.005 .0.000 ) , iL[&l 1.
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& 1 A[F IRS1 FH.PRSS3 EHRIE T BIDC EEETFHLZE
Fig.l Survival curve of patients with BIDC under different expressions of IRS1 protein and PRSS3 protein

2.5 Cox EbfIRUES [E]VA 43 #7 HUS A R B9 220 Bl 35

N7 COX [T e , 29 AAE I (A : 0=<60 2, 1=2 60
%) e EAE (BE : 0=< 2 cm, 1=>2 cm) AJCC 43 (A «
0=111,1=1111) s fb A B (BME - 0= &5 o4k, 1= Ik P i 4y
1b) ER Feik (W{H 0= FHM:, 1= FAPE) (PR 5 (R{H . 0=[H
P, 1= Bt ) . HER2 FRik ({E : 0= B4, 1= BHE) Ki-67 ik
(TRAE 0= BAE, 1= B ) JIRST 7R (4 363k (B - 0= BN, 1=
) PRSS3 & H# ik (WREH . 0= BHTE, 1= FHME) .p-AKT ik

(WCAE - 0= BT, 1= PHE ) O A 42 f, BIDC 4 film (M{H - 0=
FH 1= BT KRR ) NS i . BRI RR IO AE

PRIZR COX UK L i [l 51 25 58 S /s AR v B2 234k \AJCC 43301
I139] \IRST 45 H P PE R 3k \PRSS3 3 H P 335 5 BIDC i
FHURA K (P<0.05), ZPZER COX XU Ll mlH 2558 R
AJCC 713010 T130] \IRST 8 H FHEZ A PRSS3 38 H MR A
J& BIDC HF HUE A RGP R (P<0.05), W3k 3 Figk 4.

3 3 %M BIDC BEMEHARE COX EAAE

Table 3 Univariate Cox regression equation influencing the prognosis of patients with BIDC

Factors B SE Wald x? HR(95%CI) P
Differentiation degree 0.292 0.089 10.764 1.339(1.125~1.594) 0.000
AJCC stage 0.395 0.124 10.147 1.484(1.164~1.893) 0.000
IRS1 positive expression 0.202 0.078 6.707 1.224(1.050~1.426) 0.003
PRSS3 positive expression 0.295 0.103 8.203 1.343(1.098~1.644) 0.000

% 4 ®Mn BIDC E2EHEHNEEER COX EIFH]E
Table 4 Multivariate Cox regression equation influencing the prognosis of patients with BIDC

Factors B SE Wald »? HR(95%CI) P
AJCC stage II 0.221 0.094 5.528 1.247(1.037~1.500) 0.006
IRS1 protein positive expression 0.192 0.087 4.870 1.212(1.022~1.437) 0.010
PRSS3 protein positive expression 0.207 0.096 4.649 1.230(1.019~1.485) 0.015

3 e

TR 1B BCAK) R0 2L 53 1 - BENSBELEE -3-
WG (PI3K)/ AKT 4S5, PISK Bl I 7% A Wi B mk AL
-3- Bl £h (PI-3-P)  PI-3-P 5 AKT Z5 452 i T iiF (55 1ol &
2 5 40 OB B 404 A A DR T A B R 0 S B
TR0 Akt {5 SIS S M0 5 B TR AR A A7
T A I A A B A, AK IR AL TT 3R R A 5 i

WSROI A A IR, AT WESE R Akt {5538 B Y
e 15 BIDC S i A 5

BB REFEARKNT (IGF) WS R FS5EFgEsS
ALPER R A M B AN T A U IGF S5 R 3R e R TR R ) 2R
8 S AR Z 4K - IGF-1R Jf 5 2 456 S5 e R
SEARIRYI(IRS) , K f5 5 56 T 2 RS 52071, 0 35 240 i A=
Ve A0, 2 S AR N B R T AR A R A AR A i
R0, IRST 2S5 IGF / BB 2 A5 5 5% S B 1y 8,



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.24 DEC.2021

- 4621 -

WL IGF / R R T irE 5% 2 545 ™ AN

g B AR MR I R AR FIERE . AWFSE K B IRST TR

BIDC JZH b B PRI TR 572140, HLIRS1 H F3kik S

BIDC i B 4% . SERREE (AJCC SRR X, Ui

IRS1 H17E BIDC ] e AAFILREVEH . ARAEARAE N PIRIRE & 3L

IRST 7EFLIE A S s ik IRS1 Rik 5 AJCC 4pM0] ik 45

R LA SR ARG G AHOGHIFSE & B IRST 7 L 68 2 ffa 14

SRR SCHEME AT, 1] IRST 23K AT L IEHA 519 T (5 5

DI , RIS S0 A AR B, A T It ARFTEAR S

Hris IRS1 3 1Kk 5 p-AKT SIEAHE, PR TE BIDC

HR] RE A FEIMREIAEHIFLA . Liu 55 AR B IRST A] s PI3K/

AKT {5554, RAEAEFHT la, MENEAKKETE

K AR LR A A 2293 2R A B, #ED IRST 25 Al g

WA 3 AKT (5538 %2 5 BIDC B il 2
PRSS3 J& T 22 Z IR EE MY — il , 2 JBREE 1 i ) = 2

R T Az —, AR SRR A0 A b 5 0, S WA B /N kA

PEBEALAER], ti T PRSS3 AT i 1 22 ERRARIEHEAL L, #a b

BT AP T A KD 7 B2 RS IR I 45 7 43 22

Rt BB (5, fe (g B0 i A B RNE RSP0, BT

I8 7R PRSS3 TERTA AR 21 33k 19, PRSS3 ks

BB BRI A S MR A7 5 =7, PRSS3 78 B 4Uh k5,

PRSS3 i3k 5 B A5 R MR J5 A A7 P, A%

B PRSS3 4 1 7E BIDC b 14k 3 ik A W] g iy T 55 24 41

PRSS3 #E H# ik 5 BIDC i1y AJCC 43, HER-2 il Ki-67 3K

AR, AL AN PRSS3 8 H FEIPER A BIDC [ bl

WRSET- M EEfER R Z —, L] PRSS3 & MHMERILS

BIDC ISR A S EAF R T A G, PRSS3 112

5 BIDC FHLH i AN AE, 7T fiE PRSS3 48 1142 il P4 1z 20 i 1T

¥, 175 S IR e R A7 5P, B PRSS3 2 F i 2 ik 49 i i 24 i

TRAERESIA R ADITERI S AT 45 5 7R PRSS3 HE KA

5 p-AKT R IEAHS, #78 PRSS3 & H .p-AKT nl fEAH H. 13 [F)

flefdi BIDC HEJfE . Eh bt % $ PRSS3 TEftifiE w2k , mifik

ififEE 4 L PRSS3 33K S5 , p-AKT JKF-FEAIK, 57 PRSS3

FIKFEATE AKT FISCAS S 1032 B0 , i g 4l PRSS3 5

FIT RS I 15 AKT RIS S 25 BIDC fik vhE .
£ b, BIDC fg2H 41 IRS1 211 PRSS3 # [ B ik 4

#i , IRS1 2 \PRSS3 # H#155 BIDC Ilfi ARw FRURFAE LI K

ARG AEAFBHFEE VI ZR , AIE Ry BIDC B PG 2R 745

Fr. IRS1,PRSS3 nl il AKT {55 #2551 BIDC Kl

& # 3L #k(References )

[1] Li XY, Luo QF, Li J, et al. Clinical significance of NOBI expression
in breast infiltrating ductal carcinoma[J]. Int J Clin Exp Pathol, 2013,
6(10): 2137-2144

[2] Miricescu D, Totan A, Stanescu-Spinu II, et al. PI3K/AKT/mTOR Sig-
naling Pathway in Breast Cancer: From Molecular Landscape to Clin-
ical Aspects[J]. Int J Mol Sci, 2020, 22(1): 173

[3] Piper AJ, Clark JL, Mercado-Matos J, et al. Insulin Receptor Sub-

strate-1 (IRS-1) and IRS-2 expression levels are associated with prog-

nosis in non-small cell lung cancer (NSCLC)[J]. PLoS One, 2019, 14
(8): €0220567

[4] Martin CE, List K. Cell surface-anchored serine proteases in cancer
progression and metastasis [J]. Cancer Metastasis Rev, 2019, 38(3):
357-387

[5] Amin MB, Greene FL, Edge SB, et al. The Eighth Edition AJCC Can-
cer Staging Manual: Continuing to build a bridge from a popula-
tion-based to a more "personalized" approach to cancer staging [J].
CA Cancer J Clin, 2017, 67(2): 93-99

[6] 5% RE 7 Xit4709 EDTA )8 A M8 F 2 Lk A2 R Hm
(1. # W smae 52 42 &, 2017, 24(2): 143-144

[7] 464, e, #4355, 5. PIBK/AKT 45 5 i@ 25 f2 I 7 ¥ 69 AT 70 itk
JE[T]. A 49403, 2018, 38(3): 421-426

[8] Rodgers SJ, Ooms LM, Oorschot VMJ, et al. INPP4B promotes
PI3Ka-dependent late endosome formation and Wnt/B-catenin signal-
ing in breast cancer[J]. Nat Commun, 2021, 12(1): 3140

[9] &5t, 5k & 24, 3k &, 5. 3 T PTEN-PI3K-AKT 42 5 i %48 3+ 4%
AR LA H AR AS49 tn Y8 A s A R LA [T]. AR
A4 B ik, 2020, 20(2): 242-247

[10] Wang X, YiL, Zhu 'Y, et al. AKT signaling pathway in invasive duc-
tal carcinoma of the breast: correlation with ERa, ERB and HER-2 ex-
pression[J]. Tumori, 2011, 97(2): 185-190

[11] Hou YL, Chen JJ, Zhang X, et al. Evaluation of serum insulin-like
growth factor 1 and its significance in thyroid cancer: An observational
study[J]. Medicine (Baltimore), 2021, 100(21): €261

[12] Tiwari SK, Saini S, Singhal P, et al. The diagnostic and prognostic u-
tility of insulin growth factor of squamous cell carcinoma in oral cavity
[7]. Tzu Chi Med 7, 2020, 33(2): 160-164

[13] Ahearn TU, Peisch S, Pettersson A, et al. Expression of IGF/insulin
receptor in prostate cancer tissue and progression to lethal disease[J].
Carcinogenesis, 2018, 39(12): 1431-1437

[14] Yang Y, Chan JY, Temiz NA, et al. Insulin Receptor Substrate Sup-
pression by the Tyrphostin NT157 Inhibits Responses to Insulin-Like
Growth Factor-I and Insulin in Breast Cancer Cells [J]. Horm Cancer,
2018, 9(6): 371-382

[15] Ibrahim YH, Byron SA, Cui X, et al. Progesterone receptor-B regula-
tion of insulin-like growth factor-stimulated cell migration in breast
cancer cells via insulin receptor substrate-2[J]. Mol Cancer Res, 2008,
6(9): 1491-1498

[16] Dougherty MI, Lehman CE, Spencer A, et al. PRAS40 Phosphoryla-
tion Correlates with Insulin-Like Growth Factor-1 Receptor-Induced
Resistance to Epidermal Growth Factor Receptor Inhibition in Head
and Neck Cancer Cells[J]. Mol Cancer Res, 2020, 18(9): 1392-1401

[17] Sun X, Li J, Sun Y, et al. miR-7 reverses the resistance to BRAFi in
melanoma by targeting EGFR/IGF-1R/CRAF and inhibiting the
MAPK and PI3K/AKT signaling pathways [J]. Oncotarget, 2016, 7
(33): 53558-53570

[18] Le HT, Lee HJ, Cho J, et al. Insulin-Like Growth Factor Binding Pro-
tein-3 Exerts Its Anti-Metastatic Effect in Aerodigestive Tract Can-
cers by Disrupting the Protein Stability of Vimentin [J]. Cancers
(Basel), 2021, 13(5): 1041

[19] Mu L, Tuck D, Katsaros D, et al. Favorable outcome associated with



- 4622 -

DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.24 DEC.2021

an IGF-1 ligand signature in breast cancer [J]. Breast Cancer Res
Treat, 2012, 133(1): 321-331

[20] ShiY, Liu L, Hamada T, et al. Night-Shift Work Duration and Risk
of Colorectal Cancer According to IRS1 and IRS2 Expression [J].
Cancer Epidemiol Biomarkers Prev, 2020, 29(1): 133-140

[21] Gorgisen G, Hapil FZ, Yilmaz O, et al. Identification of novel muta-
tions of Insulin Receptor Substrate 1 (IRS1) in tumor samples of
non-small cell lung cancer (NSCLC): Implications for aberrant insulin
signaling in development of cancer [J]. Genet Mol Biol, 2019, 42(1):
15-25

[22] 4R4eth, £ E7%. IRS-1 5 IRS-2 £ 5LIRB AL P og Rk & L5 s
RIRFAFAEF TG W % &[] 52 S 4 &, 2020, 35(1): 53-56, 65

[23] Liu MM, Li Z, Han XD, et al. MiR-30e inhibits tumor growth and
chemoresistance via targeting IRS1 in Breast Cancer [J]. Sci Rep,
2017, 7(1): 15929

[24] WangJY, Jin X, Li XF. Knockdown of TMPRSS3, a Transmembrane
Serine Protease, Inhibits Proliferation, Migration, and Invasion in Hu-
man Nasopharyngeal Carcinoma Cells [J]. Oncol Res, 2018, 26(1):
95-101

[25] Xing C, Ye H, Wang W, et al. Circular RNA ADAMO facilitates the
malignant behaviours of pancreatic cancer by sponging miR-217 and

upregulating PRSS3 expression Favorable outcome associated with

an IGF-1 ligand signature in breast cancer [J]. Artif Cells Nanomed
Biotechnol, 2019, 47(1): 3920-3928

[26] Ma H, Hockla A, Mehner C, et al. PRSS3/Mesotrypsin and
kallikrein-related peptidase 5 are associated with poor prognosis and
contribute to tumor cell invasion and growth in lung adenocarcinoma
[J]. Sci Rep, 2019, 9(1): 1844

[27] Hockla A, Miller E, Salameh MA, et al. PRSS3/mesotrypsin is a ther-
apeutic target for metastatic prostate cancer [J]. Mol Cancer Res,
2012, 10(12): 1555-1566

[28] Wang F, Hu YL, Feng Y, et al. High-level expression of PRSS3 cor-
relates with metastasis and poor prognosis in patients with gastric
cancer[J]. J Surg Oncol, 2019, 119(8): 1108-1121

[29] Diederichs S, Bulk E, Steffen B, et al. S100 family members and
trypsinogens are predictors of distant metastasis and survival in ear-
ly-stage non-small cell lung cancer [J]. Cancer Res, 2004, 64 (16):
5564-5569

[30] Jiang G, Cao F, Ren G, et al. PRSS3 promotes tumour growth and
metastasis of human pancreatic cancer [J]. Gut, 2010, 59 (11):
1535-1544

[31] B k. PRSS3 il 42 i 3 74 55 4445 13 42 09 48 A & AU A1 5T [D].
M AT K 5, 2018

(_E#%5% 4640 TT)

[21] Jiang C T, Wu W F, Deng Y H, et al. Modulators of microglia activa-
tion and polarization in ischemic stroke (Review)[J]. Mol Med Rep,
2020, 21(5): 2006-2018

[22] Kuriakose D, Xiao Z. Pathophysiology and Treatment of Stroke: Pre-
sent Status and Future Perspectives [J]. Int J Mol Sci, 2020, 21(20):
2234-2239

[25] 290, b, P, F. K E LA EEA I MUK & 77 #1 & Lk
A P i 9% 64 57 2B st &)U S E HIF-1a \LXA4 ET-1 & k49
HreaJ]. AR A S E SR, 2020, 20(2): 299-302, 390

[26] A%, 4 9HE, A4, F. K @ UGTIAL A B Q239X R & A
8 kA Hea(l]. )& EA K S 53R, 2020, 37(4): 670-675

[27] Bersani I, Piersigilli F, Gazzolo D, et al. Heart rate variability as pos-
sible marker of brain damage in neonates with hypoxic ischemic en-
cephalopathy: a systematic review [J]. Eur J Pediatr, 2021, 180(5):
1335-1345

[28] Bertogliat MJ, Morris-Blanco KC, Vemuganti R. Epigenetic mecha-

nisms of neurodegenerative diseases and acute brain injury [J]. Oxid
Med Cell Longev, 2020, 133(9): 104642

[29] Bustelo M, Barkhuizen M, Van Den Hove DLA, et al. Clinical Impli-
cations of Epigenetic Dysregulation in Perinatal Hypoxic-Ischemic
Brain Damage[J]. Front Neurol, 2020, 11(13): 483

[30] Charriaut-Marlangue C, Baud O. A Model of Perinatal Ischemic
Stroke in the Rat: 20 Years Already and What Lessons? [J]. Front
Neurol, 2018, 9(12): 650

[31] Kosuge Y. Neuroprotective mechanisms of S-allyl-L-cysteine in neu-
rological disease[J]. Exp Ther Med, 2020, 19(2): 1565-1569

[32] Murden S, Borbélyova V, Last§vka Z, et al. Gender differences in-
volved in the pathophysiology of the perinatal hypoxic-ischemic dam-
age[J]. Physiol Res, 2019, 68(Suppl 3): 207-217

[33] Pérez-Hernandez J, Zaldivar-Machorro V J, Villanueva-Porras D, et
al. A Potential Alternative against Neurodegenerative Diseases: Phy-

todrugs[J]. Oxid Med Cell Longev, 2016, 8(12): 8378613



