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ZEARSN L. SENEX-siRNASE 42 ) Treg/ Teff4i it 2L . 15 QRT-PCRE M Treg/ Teff4H il N SENEX & /2 1
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1.08 pg/ml). IL-17 (21.78 + 3.69 pg/ml). TGF-B1(12.51 + 1.02 ng/ml) X TNF-a (21.35 + 4.16 pg/ml)
MK B, T MEIL- 23R B (165.29 + 26.45 pg/ml)BUHf IR 4H (409.24 + 90.81 pg/ml) B E &
&, ZRFSRUHFREN(p<0.05). (2) FIEAMLE)LAME M Tregi i) B & HH T3 B B T Teff4H
ffi; H20:55 3 ) Treg/Teff4 il - EFIEKBR R, FEMHFEFIEH0A/EH T, Teff4HMKIE SR TR
AFETTregdiffl, ZREFHHEE L. (3) PA100 uM H040B2/0 i, T ERFHAMLE )LTreg5
TeffH AT A, 2BEE11.2% + 2.6%M13.1% + 4.3%. K5 E 7 SENEXH B SIRNAK ¢
Treg/TeffAfUIRE G R, S5H4IH024032 hif Tregifu b, 45 MAH0:4032 hif Tregifi
JT-HXEREP53. P16. P21flCaspase-3 mRNARIEYH EFHH (2-AACT45)°86705.73 + 1124.07-
253.08 £16.01. 154.58 +35.12f15135.79 + 985.47; p<0.05). $t4t, ZEAHFRIMELM T, FIRSENEX
FE R FIA 3 Ye 7T B E R Treg A T T- 2 (21.5 + 3.4%); FETeff4H /i (13.9 £ 3.1%) R ML E]
PR TRN  X BB, H20:15 5 T SENEXE: R RS HiHi Treg 4 IR T, 1B Teff4H M8 T-EHEBIIER .
250 FEAMLRIRHEREF, SENEXE: FEiT P16INK4A/Rbi&4 % S 40 i B A5, [ AMLEE# Treg4i i
REPFTEES, REHESATregR N, MR T AMLY M) S kiR .
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Abstract

Objective: To investigate the mechanism by which the SENEX gene mediates immune escape in acute
myeloid leukemia (AML). Methods: (1) Serum was collected from children in the experimental
group and healthy control children. Peripheral blood mononuclear cells (PBMCs) were obtained by
density gradient centrifugation. CD4+ CD25* CD127low was defined as the phenotypic marker of
Treg cells. The proportion of Treg cells, the expression level of FoxP3 mRNA, and the concentration
of cytokines such as TNF-q, IL-10, IL-17, and TGF-£1 in the relevant samples were measured by flow
cytometry (FC), quantitative real-time PCR (QRT-PCR), and enzyme-linked immunosorbent assay
(ELISA). (2) Peripheral blood specimens (10 ml per sample) were obtained from 3 healthy children
and 4 children newly diagnosed with AML. Serum was separated and retained, and peripheral blood
mononuclear cells were obtained by density gradient centrifugation. PBMCs were isolated, and
CD4+ CD25* Tregs and CD4* CD25- Teffs were purified and sorted by flow cytometry. Furthermore,
the cells were cultured in vitro for a short period of time, and spontaneous apoptosis was assessed
after 24 hours. Oxidative stress damage was induced by different concentrations of H202, and the
proportion of Annexin V (+) apoptotic cells was analyzed by flow cytometry. (3) RNA interference
was employed to selectively knock down SENEX expression in Treg/Teff cells, thereby establishing
an in vitro SENEX-siRNA transfection model. mRNA transcripts of SENEX and proapoptotic genes
(P53, P16, P21, Caspase-3) levels in Treg and Teff cell groups were determined by QRT-PCR; apop-
tosis rate (Annexin V-positive cells%) was detected by flow cytometry. Results: (1) Peripheral blood
Treg frequency was markedly higher in children with newly diagnosed AML. Simultaneously, FoxP3
gene mRNA expression in AML children was significantly higher than in healthy controls (p < 0.05).
Compared to the healthy control group, serum concentrations of IL-10 (11.17 * 1.08 pg/ml), IL-17
(21.78 £ 3.69 pg/ml), TGF-£1 (12.51 + 1.02 ng/ml), and TNF-a (21.35 * 4.16 pg/ml) were signifi-
cantly elevated in AML children, while the serum IL-2 concentration (165.29 * 26.45 pg/ml) was
significantly lower than in healthy controls (409.24 * 90.81 pg/ml, p < 0.05). (2) The spontaneous
apoptosis rate of Tregs from newly diagnosed AML children was significantly lower than that of Teff
cells. H20z-induced apoptosis in Treg/Teff cells showed a dose-response relationship. At the same
H20: concentration, the induced apoptosis rate was consistently higher in Teff cells than in Tregs,
with a statistically significant difference. (3) Treatment with 100 pM Hz0: for 2 hours significantly
increased the apoptosis rate in both Tregs (11.2% * 2.6%) and Teff cells (13.1% * 4.3%) from AML
children. The SENEX gene siRNA transfection model in Treg/Teff cells was successfully established
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in vitro. Compared with Treg cells treated with H20: alone for 2 h, the expression of apoptosis-re-
lated genes P53, P16, P21 and Caspase-3 mRNA in Treg cells after transfection and subsequent H20:
treatment for 2 h was significantly increased (2-AACT values were 6705.73 + 1124.07, 253.08 *
16.01, 154.58 £ 35.12 and 5135.79 + 985.47, respectively; p < 0.05). Under the same treatment con-
ditions, SENEX-siRNA transfection significantly increased the apoptosis rate of Tregs (21.5 + 3.4%).
However, no SENEX-mediated anti-apoptotic effect was observed in Teff cells (apoptosis rate 13.9 +
3.1%). These results indicate that the SENEX gene can antagonize H202-induced apoptosis in Tregs
but not in Teff cells. Conclusion: In the pathogenesis of AML, the SENEX gene induces cell cycle arrest
through the P16INK4A/Rb pathway, enabling AML patient Treg cells to acquire anti-apoptotic ca-
pabilities, promoting the accumulation of peripheral Tregs, and thus facilitating the immune escape
of AML cells.
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b
1. B=

AML RIFHRL 5 )LE . F DSV A IR 1) 20%, BEFERGK RRET . mHE R, SO
Hi[1]. BEEZW LA RIGIT R REZHI5EE, JLE AML FIEEFIE 65%LL 1, AT ERE. T AML
JE U5 B3 20 S v R R AR B TR O G 2], bk, KRR AML RS, JF
DAL g BB AIE R At 14 (R 7 1 e, 6 Tk AML HR LTS A B 2 3. SRS & (15 (Acute Myeloid
Leukemia, AML) &4 & i B AR H 2 4%, CDA4* CD25 itk T 40 (Treg ZHAf). 5 HAH < A4 1A
10 Jie e e g2 iR 1R S AT BE A SR 7S AML I B EZ YN SR [3]-[5]. 124 Ak, EMRRGEMEME, DA
FEFLIE6] 47 458 St [9155 2 Fhstfasgrh, & n] WANA Treg 4 BRI AR

2004 4F, WEAHF RSN EE 75 M A DG SENEX RN o %k R 7ENLAR 2 Fh 2% B A1 i
FI A 3 A . SENEX 4afid ()4 AL 7 Rho GTP BEEE & 1 (Rho GAP) Mg 4543 1 Rho Z ik &
H5 MR ARG, RN, S 5. 3250 TS R i 8 [10]-[13].
Coleman %5 AW 7L 7R, 7E NI N 2 48R 1 SENEX RIA 5, 23 H I 2 3 22 4 G 1A 34 B 400 o 3
B B-RFURE T B I (SA-B-GAL) 5 1Y 5, 41 IRHIAE G 145,  HaXLeARfl 5id ik i) SENEX
BRI FEAR G o i — 0 SR I, B SENEX K& PR ot 334 fi i (1) N B 40 i 38 22 FF R e Bl b 4 s[RI
VBN ) M 3 2 g A bR AR T IR 2 B ) =N JE I ——IL-1a (interleukin-1a). COX2 (cyclooxygenase 2) /1
PAI-1 (plasminogen activator inhibitor-1)——+F SENEX J [Rlid Fe ik it Fe ik J- R W n. 4 Bk, SENEX
75 R IR T 2 2 N O 5 155 2 (stress-induced premature senescence, SIPS), i A~ Je & il ¥ 32 (replicative
senescence, RS). 7E 1 FHid E AL E(H0:) ARIEGAE S ANMAR A0 T2 HI 2301k R b, mi3Rik SENEX A
10 P B2 4 i S R T2 2 . SENEX il 10 P 1 4 i o S m 2 ] s RIASE AT TNIF-a A2 7E B AN 32 H0E T 42
BE VRN S B AZ AT RTRG B, IF s 1L-8 7748, XF TNF-a i S i T i 2 (R4 E HI[14]. TI7E
SIPS H1, FEZAMMEE N KBHA BB, B2 EA5A R S8 N 4H i 8 H[15]. SIPS 4L VF £ 41 i
DAL B0 R AT AT IR Ak i PR S 36 5 . DRI, SENEX AT fit 8 3 (5 40 B3k N “ARAR ” BEIR 2SR BB 1,
BEMARAE A0 A R o i ik, SENEX B[R AT e il id 175 5 S 52248 Treg 43R4 Bt T (1 RE
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ST N S RS AR 8 15 5 A I 2 Sk s, e e s PR VR (1 2% 388 8% 49 53l PL6INKA4A/RD
H 5 P19ARF-P53-P21Cipl il 33 o 243X S % o 1 S B U 48 IR ) R IA i AR AR AT, 40 PR P i H B 5
LI, B T AR SR A0 T FIR R Ak S S E AR AL AL B R A T SR R PR 4, A Rb.
P16INK4A. P53. P19ARF X P21Cipl 2 H[16] [17]. Coleman Z&i{iE B7r, 24 SENEX JE K1t & Rk,
PR P53 5 P21 R K AR ILERAE, T P16 [ mRNA 52 /K B, [FIE Rb & A 1 s iR
PR 25 55 25 N B [14] o 40 09 J55-B 400 it S8 #7041 2% 19 (retinoblastomaprotein, Rb)f&: CDKA4/6 4 (cyclin-dependent
kinases) ] = EJX 2 —, HHLTRBERRIITEAR, rd s E2F 7456 Hl e L s X, dim
FEHIAHMI N G BAEVEF S BART TR B NI R M 2IA, e &0 240 i S 4 45 i 0E N EOIRAR [17].
XL A5 IR 3R 7R, SENEX DK AT e 2 @i 510 P16INKAA/RD 8475 175 3 40 i J& {43, {8 AML
B Treg HIRSSR TIRTUAE 1, 1Rl AN Treg 281, MITAEEE T AML 40P s itk . ARG L6
ZARE, AT RIS SRR AR 098 RR ) L A R KT R 1 1ML 5 40 ] T SRS X Al (PBMIC), (2
Fh o1 AR 0 E A T 4B L (CD4* CD25 CD127low). FoxP3 mRNA ik 7K1 A I i 48
MR, 41 TGF-A1. IL-10. 1L-2. TNF-o SFHIKEE; Mg R 5 )02 i) AML &L PBMC 153 5
glifk, CD4* CD25 =i K Treg 1 CD4* CD25 BT Teff 4 JRACH: 77 5 M A585 5% 24 h A RIER T H
oy, FEHARRIRE HoO, 5 T8 AL B, WS HLE T BUBEE (AnnexinV+); f# F SENEX-siRNA £ 4 515
FI| Treg/Teff Hs 7 UTBL SENEX JEH,  FHll e E AL R e 98 12 5[5 (P53, P16, P21, Caspase-3) MRNA &
IE 7K BL R 4 o 8 T 2 (Annexin V+EE ), PARAEIEH SENEX ZE 7Y Treg/Teff 40T T/ IR O/ER .

2. MRER*®
2.1. 4Hpa

Y2 AML ) LANE L& (BB L8 AP E I Treg 400 Teff 4. Hrb, BT AML B % WHO
AHIAZ Wi BH A2 W, fid B ) L3 350388 3ok B AAAS HE ok 1 v /365 1M 2R G 0 AD HoAth R Gt e s HAR A B
IS S5 A AT 25 0 L5, RIS R KA A F =

2.2. R

RPMI-1640 F1 OPTI-MEM 5 3%¥ . fifa 2 IfiLi% (fetal bovine serum, FBS)I T35 [ Gibco A ]; 24 fLAN
96 fLAH I =W T 3£ [E Costar A#]: 25 mL 3578 T3 [ Corning A 75 H41(CD3, CD28). 4 Al
T(ELHNL-2) B2 HoO VAW T Sigma 23 7] 5 3 8 KA Bl IR BV S 0 [ e = T L 1) 2454 PR ) 45

2.3. EENEF

Table 1. General clinical characteristics of the study subjects
= 1. ARR—MRIERZEH

T

9ex0 40 X R e AR
Y2 )L E AML 8 A~14 % 5.35 % 35 17 18
R LEXTREZ 9 A~14 % 5.75 % 38 19 19

T A DL v = R R A E N, PowerPac Basic Power Supply 143K [ BIO-RAD A, Eiss
BIiEe EH HA Olympus (BARELHN AR, Btk A Fnd Z B SR AR AR, BFRERETH
A Thermo A#], K. =il B OHL(TG-16, TGL6-WS) R AT B B IR A F 24, Model 550 H: 5 HT
X E T35 F GIBICO /A, PCR K H R KA H], Centrifuge 5417R Y i&idivA 14 B0 HL . FEMAG A1
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Eppendorf jt i, =40 M oF Hob 4

Table 2. Primer sequences for QRT-PCR
%2 2. QRT-PCR 3|#1/F%I

Name Sequences (5° — 3’)
SENEX-Forward TTGCTCTGTTTTCCAGATTGGA
SENEX-Reverse GCCCCAGTGCTTGAGGCT

Caspase-3-Forward TAGTGTGTGTGTTGCTCAGTC
Caspase-3-Reverse CTCGACAAGCCTGAATAAAG
P53-Forward CCCGGATGGAGATAACTTG
P53-Reverse CACAGTTGTCCATTCAGCAC
P16-Forward TCTGAGCTTTGGAAGCTCTCA
P16-Reverse GAGAACTCAAGAAGGAAATTGG
P21-Reverse ATGCAGCTCCAGACAGATGA
P2-Forward CGCAAACAGACCAACATCAC
GAPDH-Reverse TGCACCACCAACTGCTTAGC
GAPDH-Forward GGCATGGACTGTGGTCATGAG

2.4. Treg 4ARALL B S THEELE

IEEL B L E B M MR R 2015 45 5 H & 2019 4E 5 AXIRZETN 2k EE &R A 7% (Acute
Myeloid Leukemia, AML)¥] 35 51| F JLAM & Bk LA M REA,  SRat4H 5500 B BB L — M PR BRI 1 Fir
T o BR H S HG 2H B ) L DA R I R 0T R LI FH %% PR A0 5 5 9220 5 470 J] I B2/ 2% 44 P (Peripheral blood
mononuclear cell, PBMC), Ll CD4* CD25* CD127low & X Treg 4R BIAR1CH), 4351 N FH it 204 oA
Kl (Flow Cytometry, FC). & &% 5t G lHE ) SL(QRT-PCR) (¢ 2) MIEG I Sy W S (ELISA), A
W EARbRA Treg 4 H 73 L. FoxP3 mRNA ik & A& 5 40 M K+ TGF-A1. 1L-10+ IL-2. 1L-17 F1 TNF-
o SR EETS Bt

Table 3. Sequences of sSiRNA-SENEX for RNA interference
7 3. RNA Tt SIRNA-SENEX FF51)

Name Sequences (5° — 37)
GCACCACCAUCAAAGUUAUTT
AUAACUUUGAUGGUGGUGCTT
GGAGCUGCCAUUAGAAUCATT
UGAUUCUAAUGGCAGCUCCTT
GCCGGUUUAUCCAAUCUCUTT
AGAGAUUGGAUAAACCGGCTT

SiRNA-SENEX-homo-236

SiRNA-SENEX-homo-1189

SiRNA-SENEX-homo-436

2.5. SENEX EEE Treg AP NER

Sy N 3 AR ) LB HRAE A 4 22 AML ) LSRR 10 mL AP L, 43 B IF O/ B 5 5
SR 8 JEE M 8 LoV R B A ] oL A A 4 o i J ) P S 23 e B R 24k D4+ CD25hi 54 T 48
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ffi(Treg)5 CD4* CD25 R T ZHfia(Teff), @EATHIIMASMEAEEFRE: FLL 100 uM i3 F AL A (H202) AL #E LA
PR A SO, f 5 8 I I N AR Annexin VEH £ T T4 L F LG 31

2.6. SENEX 8#% P16INK4A/RD JEEEEY 45> FHL &1

FI 2K 524 100 uM IR S A0 SR VRS 5 22 Tt 3R RS Ak 2 43 i H (¥ 78 J ifl CD4* CD25* Treg il
CD4* CD25 Teff JRAGH5 7= A ™ AL A R 7. L RNA TF-H751%(5% 3)1E Treg/Teff 4 i 4 7 1%
UUER SENEX K, RS9 & & PCR il SENEX AMEJHT-#E[K P53, P16. P21 J% Caspase-3 [
MRNA FIE 5L I i 4 M AA I Annexin v BH I T 48 2 EL 451

3. HREER

¥Ii2 )LE AML AME I Treg U LB B &1 5. (7.14 £0.41%) . [ JLE AML B JLAMNE L FoxP3
F P mRNA ik 1 h0(2-AACT = 0.0198 + 0.0081)%: & 3% v 1 )L 6 £ FE X I 2H (2-AACT = 0.0031 +
0.00015), #3434ttt L (p < 0.05). JL#E AML HJLANE 2 P A 720 i S HIRAS: HIBfE
FEXFIEL#E, JLIMIE 1L-10 (11.17 +1.08 pg/ml). 1L-17 (21.78 +3.69 pg/ml). TGF-1 (12.51 + 1.02 ng/ml) &
TNF-a (21.35 + 4.16 pg/ml)/K-FH4 8 2 T, 1M IL-2 MW A 165.29 + 26.45 pg/ml, %5 fE e B8 20 1)
409.24 £ 90.81 pg/ml R FFK, FRZRAFS = X (p < 0.05). Treg 5 AML G i ff 5
FHOG, JEIT FoxP3 FNAHAR R FREuEST, T RESE i nT Ae (e 1t frhgg ki .

XIHIE AML &) LAME I Treg A1 Teff 45 5l @47 EARRE FRIEAE 24 h SR B R A TS0, K
AR R RS 7% 5% A S 18] (24 h), Treg BRI TS H 73 Z (AnnexinV [HVEZAA ) 2 2K T Teff (Treg: 3.53 +
0.17%, Teff: 5.78 + 0.46%), #&/rEJLAMNE Treg AP T M. H—RHAA RN E 1 A E(H0,) 15
SPIRYIMITE T KL HaOo AT Treg 4l 5 Teff 40l % S I AL M T:, HAr W —FH WL
IR FERRR A B - BN K &R

PAASRIR FERR FE Ho0, (254 50+ 100 % 150 uM)43 il AbEE Treg 4Hf 2 /N5, REBS AR H T35 K
4.3+0.32%. 4.9+0.48%. 5.7 +0.41%F1 9.7 +0.95%; [FFEMNI7F Teff 4013 1-%5> %N 5.1 £ 0.53%. 5.7
+0.76%. 6.8+0.75%/% 11.7+1.04%. [F¥RSEE Ho0p Ab3XS L] ., Treg 4HARAIE T LU GGG 2R T Teff 4
MR TR, 2R B Gt . ] SENEX R RIAM Treg T Rl 11.2% &2 21.5%,
HAERE TR RIE N, A4 P16 mRNA #0253 fiF; fUbnl W, SENEX [ #0642 # g &
(P16INK4A/RD), MIMHE5R T Treg FIFET-AEA, IEEH R,

O fEARHNESL SENEX FE[K SIRNA 5 Treg/Teff 47l f5, 2t €& PCR 45 ER: KANE
JFifA LipofectaininTM2000 247 SIRNA-SENEX #4if, Treg 55 Teff 4ilfgh SENEX mRNA [
MEFE I TE 80% LA |. @ SENEX J:K X} Ho0, 7 A 1 Treg 4 - B A HEHT/EA . 100 uM H,02-2 h 4bFH
H, v ER S AML )L Teff 400 F0 Treg 0 T2 LLB], - 5iEF] 13.1 +4.3%F1 11.2 +£2.6%; If
H, fEAHFEACBEZEAETS, #4 SENEX-SIRNA AW i m Treg 40 T27K~1(21.5 + 3.4%); 7 Teff
YHH1(13.9 £ 3.1%) 1, AREMELE] SENEX JEH A SIS . SLIRss R rTyiH, SENEX &K n] K41
Treg 4IIRTE H0o S N AAWT:, Xt Teff 400 T LIRPLIEH . AR, 7E472 AML &L Treg 41
A% gy SENEX RERE siRNA J5, T8 T-AH LRI R KB S+ . Caspase-3 mMRNA. P21, P16, J¢
P53 [k 1) B BN (2-AACT 43 %) 4: 5135.79 + 985.47. 154.58 + 35.12. 253.08 + 16.01 }% 6705.73 +
1124.07), iR 2 FHE G4 7E L. sSRNA Bl 5 gl H0,-2h i34 L, p <0.05.

4. g
YN EBREE () Treg ZHILALHE B IT 2 iR 2 M55 AML SR IRH0 MR Sl 7, T2 F JH R 10 4t 16
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W, WEFLIRAN, AME Treg 325 T 2 M 3G 58 % DIAH G . 76 Foxp3-IRES-GFP & [A] [R5 25 4
BALB/c /MRIAIEH, 1L-2 Al P fE 3t Bim'o & CD4* CD25* Treg 4l /- LAy f&; 1fi BrdU %
ANESH T AFE TN R, SMERER Treg JET- R B RFHK[18]. HULHEN, 25 EATR, 7£ AML
Treg $a: M EL 38 hn 3= B iy Treg A T BT 5 350

TR NIEZLE, 112 AML 5 70 i S8 fi N Treg H i35 85 &6 s T % BEZH [19]-[22] - iX & Treg
BE R E L 4334 1L-10 TGF-p 25l PR 7 [5] [14]45 2 #0H] CD4* CD25 RN T i i (Teff) i3 5 5 41 i
R4 [19], IRAe N 4656 % 1 s iR RS S 1 CTL I 3 Ry 1[23] [24]. [Hk, Treg KHAHK
O 0 L AT A ol RS AMIL 2 P i 4 028 s A S5 R L A IR DG BER 3R . AEFi AR, AMIL SR
RN Treg I % RE SRR A5 B R EEAHR[3] [4] [25]; #E—B 8o, Treg HoE g n Bk ]
AEVE T KRR Treg (nTreg) H & B AR P TR HLII[26], W 53EZ . MRS R 27 S8 U iE
iPE Treg (i Treg) A 55[27]; MbAMEAHIES tH, — 71, FEREARSNE TR IS 4% M S 22 40 g 35 1) Treg
St T B A PR A HL R K A R A5 R R D B IR K [ 28], B — T, A AR RS R 07 R AR Treg
SR ECA], AT S T ARSI AML AL R AL RN [29] . AT E R B SENEX FEE 7 L2
AML RIFERE R I EEAEH, PP WAE T SENEX JERA-5)LE AML 4 %% 6% /e FALE s Bk
] LB AML SLAME Treg RA/EFBLE], R SENEX ZEFIXF Treg MEEE . M-I, K
I, AN SENEX ZE R BV AT LAVE 9 AML 6T IR 7ESE A5

SRS, /£ AML R EEREH, SENEX JER B rTiEE i PI6INKAA HEHENE, @i CDK4/6
BS54 AN E A Cyclin D1 FAHEAER, 21 f8f CDK4/6 Joikixt Rb #HATHEIRM, SBUE RN T E2F
ANBEMREIR, ol 2 40 JIBEL A AML BRI Treg AR EL A BUOR T4, & RANE Treg AR, M
TIHESD AML 40 e s ki . AT 5T 4020 1) B SENEX JEBR % Treg 40MIIE 115 S 4 S@ ik M 7y 1
YERIBLE], H)LE AML B A SR 7B i sE 5. Hopl SENEX FEK X AML 3% Treg 40 2E 4 4R M)
s J BAR LS A fr itk — B IR T

SE
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