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(Abstract] Objective To explore the mechanism of CD4'T lymphocyte differentiation in immunodeficient rats based on the
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correlation between Janus kinase/signal transducer and activator of transcription (JAK/STAT) signaling pathway and a low percentage
of CD4'T lymphocytes in immunodeficiency diseases. Methods A total of 48 SPF SD rats were randomly divided into normal group
(n=24) and modeling group (n=24), and the immunodeficiency models were established using cyclosporine. Then 6 rats were
randomly selected from each group to verify the modeling effects. After modeling, the remaining 18 normal rats were subdivided
into normal group, low—, and high—dose ruxolitinib groups, while the remaining 18 model rats into model group, low— and high—dose
ruxolitinib model groups, with 6 rats in each group. Low—dose ruxolitinib group and low—dose ruxolitinib model group were injected
with 1.75 mg-kg™ ruxolitinib, high—dose ruxolitinib group and high—dose ruxolitinib model group were injected with 3.5 mg-kg™
ruxolitinib, while normal group and model group were injected with 1.75 mg-kg™ normal saline, once every other day, with a total of
6 injections in each group. Then, the percentage of CD4T and CD8'T lymphocytes was determined by flow cytometry; the spleen
and thymus indexes of rats were calculated; the pathological changes of the spleen and thymus were observed by HE staining; the
expression levels of interleukin-2 (IL-2), interferon—y (IFN—y), interleukin-12 (IL-12), interleukin—4 (IL-4), interleukin-6 (IL-6), and
interleukin—10 (IL-10) were examined by ELISA; Western blot was used to check the expression levels of Janus kinase 2 (JAK2), T-
box family transcription factor expression protein (I-bet), signal transducer and activator of transcription 4 (STAT4), signal transducer
and activator of transcription 6 (STAT6), and GA TA-binding protein—3 (GATA3) in the spleen. Results The percentage of CD4'T
lymphocytes and the thymus index in model group were significantly lower than those in normal group (P<0.05). Compared with
normal group, the percentage of CD4T lymphocytes in model group decreased (P<0.05), so did the expression levels of 1L-2, [FN—y,
and IL-12 (P<0.01), but the expression level of IL-10 increased (P<0.05). Compared with model group, the percentage of CD4'T
lymphocytes, the thymus and spleen indexes, and the expression levels of IL-2 and IFN—y in high—dose ruxolitinib model group
were significantly lower (P<0.05), while the expression levels of GATA3 and STAT6 proteins were higher (P<0.05) and those of 1L-6
and IL-10 significantly increased (P<0.05, P<0.01). Conclusion Immunodeficiency diseases are broadly characterized by reduction in
CD4°T lymphocytes, and the dysregulation of CD4'T cell subsets is related to the imbalance of JAK/STAT signaling pathway
expression, with the possible mechanism of down-regulation of IL-12/STAT4 pathway expression and up-regulation of IL—-4/STAT6
pathway expression. In addition, CD4*T lymphocyte differentiation drifts from helper T cell 1 (Thl) to helper T cell 2 (Th2), thus
resulting in Th1/Th2 imbalance, which induces immunodeficiency.

(Keywords]) immunodeficiency; Janus kinase/signal transducer and activator of transcription signaling pathway; helper T
cell 1/helper T cell 2; interleukin—12; interleukin—4; signal transducer and activator of transcription 4; signal transducer and

activator of transcription 6
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01605R .JM -01599R1 . JM -01598R1 JM -01597R1 .
JM-01602R1 JM-01547R1) ; JAK2 (%% [ Abcam 2%
A, 4t 5 . ab108596) ; STAT6 STAT4 T & 5 Wi i 5%
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teintech 23 &, #t45 4377 8 :51073-1-AP . 51070-2-AP
13700-1-AP . 10417-1-AP .66009-1-Ig) ; 1% 4 ( |-
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B, B2 71 G328 Gl B 2 A R Sy )220 g )
ST G R BB R Y R R Ay 18 HUIE H R BRI 18
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5 L, SRS A R 4 = AR E I 100 L, 25 i
BECHEE 15 min, A 100 wL L E | % L
FH 10 min, RJF A 1 mL & 7K, ZHIRY, S
HEEESEHFE 10 min, B0 5 min, 7 _LIH W, PBS Uk
VAN 2~3 WK A 500 WL 20 Bf G (0 2% ol , T =
S B ARSI
2.2.3 VLN I A EROR I U R i 2H 2R
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2.2.5 ELISA A& K BRI L-2 IFN—y IL-12 IL-
4 IL-6 IL-10 My ik BUE T-80 CLR A1 K B
MLV 4% B8 ELISA 32500 & Ui W] 45 $EAT 824, 23 S G
W TL-2 IFN—y IL-12 IL-4 IL-6 IL-10 /KF,
2.2.6  Western blot i il 4 fE 41 21 s JAK2 .\ T-bet
GATA3 STAT4 STAT6 & /KRy FRik UK B
L ZY, AT & PBS [ RIPA S i IR 1,
200 L & F LIEW, 50 pl Sxloading buffer
TRAT, /KA S min, A VK& % & H . RIEE
I i 9 25 JE LUK, 34 R 7 i 00 B e J e
P E A 90 min, —$iEE 4 CHIRA % 2 RERT
Ji & 30 min, 4 CiAJE PBST % 3 K, —HiFHE 90 min
J& PBST ¥t 3 ¥k ,ECL & Bt i R AuLgE
23 FHItEHH

K HI SPSS 25.0 A AT et 24 o b, i i B
L “xs "R, AL ] HEBAT 5 (2593 A 5 A ST
FEAS ¢ K056, AN FF & IE 2520 A1 2 FHRR R 565 5 2 4 )
FLBAF B IEAS A0 A K 7 2655 M 3 i I B 358 254
B, #7225, 4L P W L3Rk LSD R 55, 5 251
55 # K H Games—Howell Ki 5 , A5 12 IS0 #
KHAES B Kruskal wallis H ¥: 5% . P<0.05 FR 22
SAGIFE L,

384K

3.1 EEEM

3.1 — MR HIEH K EAH L, SRR B
R O IR G B RN B R TG
FIL, W25 F W 92 S5 o Bl W A AR A T T
3.1.2 CD4'T .CD8T #E4iif E 4t HiE#H K
oA, AR R BB CDAPT bk 2 40 it 43 Bb R % (P<
0.05),CD8'T kL4 E 43 b TH(P<0.05) . BRI,

®1 EEXRSEEKE CDAT.CDS'T # B
BB (s, %)

45 n CDh4'T CD8'T
1EH KR 6 72.75+3.00 24.38+2.61
L EiPN 6 64.03+4.10* 30.19+5.70%*

T 5 IR KRR, *P<0.05,

3.1.3  JRREFIMGARFE AL HIEH KR AR

BRL 114 ) J% 45 $0 T [ (P<0.05) |, JWLE 48 %022 & L 5t it

SR SL(P>0.05), TERLE 2,

3.2 #&4H CD4'T.CDS'T kB ZHAEE 4> bk Eb &
HIER AL, &S 4 CDAT k40 H 4 kb
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R2 EBKRSRE KRR AE BRI BB (xs)

21 51 n IG5 ik i 4 %
NN 6 2.40+0.14 2.13+0.19
i EibN 6 2.28+0.11 1.81+0.12%

5 IEH KR, *P<0.05,

B (P<0.05) , 1 CD8*T ik I 41 ffL A 43 bbb F+ (P<
0.05) , BERI4] CD4*T Ik EL 40 1 4 L F B (P<0.05) 5
SRR e ARG 41 CD4AT 3k B 40 i 7 43 e
L TFH(P<0.05) , BE7 5 2 CDAT Ik I 40 i L 3 T
P (P<0.05) ; S AVIC & 41 L 45, B A0 5 6 4 CD4'T
45 H %A% (P<0.05) ,CDS8*T i 43t 7t & (P<0.05)
L 3 K1,

* 3 £4HCD4'T.CDST kB AL E 53 b L (s ,n=6,%)

451 CD4*T CD8'T
IEH 4 75.04+3.80 21.24+3.37
e 72.90+1.95 20.12+8.86
SR8 67.21+3.854 28.80+3.734
TR 2 69.22+2.154 24.73+8.14

LTG5 4 70.86+1.31* 24.27+3.69
R i 21 64.97+3.53" 30.10£2.72%

5 IE R AL, AP<0.05; SRR A L #R L, *P<0.05 5 5 B AR &
HHH,2P<0.05,

3.3 FARRAEFNA RIS S L B

R 21 g B 6 25 HE E B AT [ (P<0.05) 5 S5 A5
UL P4 B o A D R I RS 25004 T R (P<0.05 )
5 A Ll A A 5 20 i R A A R B (P<
0.01) ;5 /o 5 21 B A, 450 8 1y 5 AL DG U R ) e 4 4
¥ITF B (P<0.05,P<0.01), TEULFE 4,

3.4 HBEPRAEFH PRSI S F LB
3.4.1 JRAFHLUREIASAL  IEH AR R 2L,
A 4 S Vi AT, R 1 S SRR B S T LA R P
SIEH A R A2 AR 20 | 6 2 L0 RE A
PR KT OAT 5 A TR0 A5 2 235 A Y R AR, 3 43 B0
ELESY N E-U N (ERARG i R ey vkt )i 0 U SRS 8 Ay i
A A S SR R, KA NS S5 3R
AL, 2088 I BE T BUR T, 206 P ok A i s i &
TELE 2,
3.4.2 JARRAZURERAS ML IE R ALK B R A 4L
P TE RS B JO0 058 O 4% A i AT 5 A6 78 241 DK B g Joi
JE 5 SRR AN TR T DL 4 M B R 2 B A= | B T
DAL UL PR 3 T 20 32 90 5 A0 5 2H R 65 2 ) iR A B
BEIE H A3 V5 A5 (I 5 £ R R Y s 5 4L B S R
o 45 F S PR T JH v R AR R 2 B R XK o R AR
bR AN MR A I L R A0 A A o RE R B
Jo P9 DR A MR DL 3,
35 KAMF IL-2.IFN—y. IL-12.IL-4 IL-6.11.—
10 FRiktb i

SIEH A RS 4 IFN—y 21k F % (P<0.05),
] BRI IL-2 IFN—y IL-12 £k TR (P<
0.05,P<0.01) ; 580 A 2 Pb A, B A & 4 4] 1L-2
IFN—y % KR A% (P<0.05,P<0.01) ,1L-12 A T [
e H 2 5 IS T L (P>0.05); SIKE 4 1
A BERR S 4 TL-2 IFN—y IL-12 ik T & (P<
0.05,P<0.01); 5 = & 4 g, B & 4] 1L-2,
IFN—vy IL-12 33k F 4 (P<0.05,P<0.01), FEWLF 5,

CD8+: CD4+CD8+ CD8+: ICD4+CD8+ 1 JCDB+: |CD4+CD8+
1°319.22% 10324.55% 128.31%
10 ' 10 ! 10t ’
E . ¥
8 8 S :
10° 10" 10"
0-CD4-CD8-] e - 04CD4-CD8:] e 0-CD4-CD8-} o
5001 CD4+: 76.48% 500 CDa+: 72.92%) 5001 CD4-+: 68.79%)
-2000 o 2000 104 10 2000 ° 2000 10t 10 -2000 ° 2000 10t 10
cp4 D4 cD4
4 M4 i 1]
DB [CD4+CD8+ CDB+: CD4+CD8+ CDB+: CD4+CD8+]
128.12% 10°426.65% 10°432.45% = —
10‘1 ‘- 10 ’ 10° ?‘
¢ ? .
2 2 8 3 :
o =l o
104 10'4 p 100
01€D4-CDB-] =" 04CD4-CD8:] - 0CD4-CDB] F——n
5001 CD4+: 68.06% 500 CD4+: 70.57% 500 CD4+: 64.95%)
20 0 w0 100 0 200 0 2000 10° 0 2000 o 2000 100 100
cD4 cD4 cD4
3 " -
A 4 BRI & 4H B o]
1 &4 CD4'T,CDS8*T it =\ £ B 44 il ]
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2 BAREALABETK(HE YL, %x200)

2

BERIAIG 2H

[k

B 40

3 FBHMBALFETHE(HE J 6 ,%x200)

R4 B LEK R BT 1S B EL B (ks ,n=6)

£5 K IL-2JIFN-yI1-12 FEKF LB (v45,n=6, pg-mL™)

415 i IE 35 %5 it i F5 K ikl 1L-2 IFN—y IL-12
EH 41 2.77+0.08 2.110.07 IEHH 1 26690£177.46 1 389.32+172.66  14.99+2.53
L&A 2.70+0.11 2.11+0.09 k&4 1 273.43+19536 1 183.70£201.604  13.28+0.62
e 2.69+0.08 2.08+0.07 BG4 1 016.67+140.95% 1 100.93£97.68%  11.68+2.224
HR A 21 2.67+0.09 2.00+0.104 AT 2 803.56+109.7744  886.26+151.4944  9.66+1.9944
R E 21 2.66+0.09 1.91+0.08%* BRAR 2] 819.69+149.38%%  741.40+171.29%%  9.18+1.95%
I 21 2.54+0.11% 1.87+0.08%* PR G4 682.27+121.54%5  676.96+142.01%44  7.72+2.04>

S IE R A, 4P<0.05; SRR AL *P<0.05 5 SISl 1L
i, P<0.01 ;45 8 6 4 HL 8, 2P<0.05, 24P<0.01 ,

5 EH 40 e, RS 4 IL-10 3 3k =340 (P<
0.05) , F&4 v 1L-6 11L-10 Fik i & &8 (P<0.05,
P<0.01) , BEAVZH v TL-10 K3k 5 W] T+ (P<0.01),
o IL-4 IL-6 WA 8 A 22 5 G0 i 2 (P>
0.05); SAEAIL L 5 ARG A 1L-10 Rk
F LTFH(P<0.01) , R = 44 11L-6 11-10 3 ik 7 B

5 IE W 4 R, AP<0.05,44P<0.01 ; 5 11 21 He 45, "P<0.05
P01 GARE AL LR, *P<0.05,*# P<0.01 ;5 5 & 20 1L %5, “P<0.05 ,
24P<0.01,

38N (P<0.05,P<0.01) , Hop 14 52 FTF#a s
B2 3 LG43 X (P>0.05) ; 510 E 41 e, BRI
2 1L-4 IL-6 .IL-10 £ ik T+ & (P<0.05,P<0.01);
HEad, B a g 1L-4 11-6 1L-10 £k F
55 (P<0.05,P<0.01), PEILF 6,
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F6 HBAKXR IL-401-6I1-10 FiLKF (x+5,n=6,pg-mL™")

215 L4 1L-6 IL-10

EEA 76.04+7.50 85.25+18.68 1 882.67+170.70

(SR 78.63£11.59  78.47+13.58 2 373.42+79.314

=g 82.62+13.17  112.55£7.23% 2 656.68+63.2044

P21 85.38+15.25  106.44+20.54 3 124.10£106.3444
BRG] 101.77+6.62%  124.09+32.57% 3 552.91+56.01%*

iRl E ] 103.50+14.65°  141.54+13.50"* 3 878.02+£74.59%4%

L HIEWHLE,AP<0.05,44P<0.01; 58 1 4] He 4, *P<0.05,

“P<0.01; 5 1% 5 41 2, #P<0.05, #+P<0.01 ; 55 5 4 4 Ho 4, “P<

0.05,44P<0.01,
3.6 % AR AE 4R JAK2,T-bet STAT4 GATA3,
STAT6 EARIEEKFLLE

HIEFH R S HME S T-bet 8 H 3%

K D (P<0.05) , 1 STAT6 ZE 1 26 35 1 19 i (P<
0.05), B AU ZH STAT6 5 [ 3% 35 19 fin (P<0.05) ; 5
B 2 be A 7 1 6 4 JAK2 \ T-bet ,STAT4 2 [
Feih i B F WD (P<0.05,P<0.01) ,GATA3 £l STAT6
R BRI (P<0.05) ; 5S4 L, BERY(R 6
ZH GATA3 F1 STAT6 & H Kk & 14 m (P<0.01); 5
A PR MR S 4] GATA3 Al STAT6 2 H £k
BN (P<0.05,P<0.01), PEILIE 4 37,

JAK2 "N S e e e SRS 0 KkDa
T-bet T— T e S e 67 kDa
GATA3 ™= wwe wesse " = - 5; ),
STATS WS TS e ™ - 82 kDa

STATG wwsm s wwsse e s s 118 kDa

pacin (DD D D A S - 0.
A B C D E F

Bl 4 FHEBAEHR JAK2, T-bet GATA3 STAT4,
STAT6 E B RLFHE
EALER A BARE 4 Com & 4 DA A E A RS

P A

4 Wig

P00 2238 50 5 W) T 20 i B2 ok ) 2 1T - A
T PR 750 00, 5 T 4MG B R J7 i) f) 4O AR 24
W RES R SEE ] T 40 b CDA'T M 1k 1 H T
AN 7] 19 48 Jf L, 4610 40 52 ) TL-2  TFN—y 55 48 ifd 5]
THRBEP, AW RFE R RLEIHI R, EERA
S CDA*T kB 40 1 o L sk 2D | 3 5 e HIV 5 2 1
CDA*T Jhk 4 240 6 250 o Vol 2 A 3 5 AL | 65 - i A5
LT WK G g SRS

T Jh L 200 2 40 i e 328 vl ) S 0007 40 i
W5 % B0 41 X 7 Xt CD4T 40 i o 1k A7 22 (1
PEEAER . IL-12 IFN—y 7T DA% S CD4'T 41 501k
29 Thl 40, Th1 2433 IFN—y IL-2 TNF-B .1L-
12 % 2 5L AN I S e 2 ik IL-4 S,
CD4*T 2 i1 53464 Th2 4 L, Th2 43 W 1L-4 IL-5
IL-6 & IL-10 % Z SHUR R S e i 2 . 1E 8 A= 28
AR Th1/Th2 Z 18] LA 4b T AH X P R 28, 24
CDA*T ik 4 40 A 23 Ak 3 B8R0 A% | 7] Th 4% 5K Th2
R ffif5 Th1/Th2 Z I8 1) 8h & F-#r i 2%, S 3Lk
B 928 o 25 E N\ BCRR A8, AT 52 el A 7 8 9 199 2K A=
HERE, A, SR W IR CDAT 41 i 431k
(LN R 22— STAT %% 5% R i 8 i Tk S L 1 4
R (A% S W5 Th1/Th2 408 X 7745 ) 8 28 4
DRI fiF5E W2 JAK/STAT {5538 %5 CD4'T
R EL AR A AR B VT G . PR JAK/STAT {5 53
R ARG AT DA — 7 AR 1 A Py R A A1 e £ 4
IE0 STV 1) Dy i P G B AR A

AW 45 F o BRI CDAYT ik EL 40 A B 43
B IE AR B A5 7R 20 K R R 0 e B Ao
PREEH S MRS AL 2 0 S i A S B S 5 1Y
VERITR , B B Lb N E B8 45 5 52 B0 3 | oh L I 4 38

F7 BHEMBEAEALR JAK2.T-bet (GATA3 STAT4 . STAT6 T ARIEE L& (3+s5,n=6)

250 JAK2/B-actin T-bet/B-actin GATA3/B-actin STAT4/B-actin STAT6/B-actin
E A 0.44+0.08 0.44+0.09 0.15+0.02 0.40+0.07 0.13+0.03
[(S=RiI 0.27+0.05 0.27£0.10* 0.22+0.04 0.26+0.03 0.21+0.044
[eip=gl 0.14+0.02 0.20+0.094 0.31+0.08 0.17+0.03 0.31+0.014
T 2 0.39+0.03 0.38+0.11 0.43+0.26 0.32+0.02 0.36+0.084
AR 21 0.12+0.04 0.19+0.08 0.48+0.06** 0.18+0.06 0.42+0.04%**
A i - 2H 0.08+0.02% 0.12+0.06* 0.54+0.04*24 0.08+0.02* 0.44+0.05**

S IER A R, 2P<0.05; SRR 4] 55, *P<0.05,%P<0.05 ; SR & 41 F e, #+P<0.01 ;45 & & 41 Hh #5 , “P<0.05, 24P<0.01 ,
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i, W BT BE B AL 28 R SR B B e R R
A B RH EMEM, & KA & JAKI/JAK2
T PR A0 001, 5 o R R JE T I g B R
B, AT DAAE — 2 2 E i JAK/STAT 38 # , #0 i
FAOC AT LT (1 3R 3K |, 45 A SR 45 R U] CD4A'T 4
J s/ T g5 JAK/STAT 38 B AH G, H b, /5 F— 4
AR IR T CDA'T ik EL 40 2R 234k 7 1

ARWFGE R I BERL A K B IL-4 0% STATG J=
S Th2 77 1m) 1 ¢ B e 5% KL 5~ STAT6 #1 IL-10 2
PR - Rk 38, AH R M A ] Th J7 ) v 40 i N
FVG ST 19 335, S 80 Th1/Th2 2 M | B8 2 K B
CDA*T 4 ) Th2 8%, BBl , SRIRIZH Lt
BB L S T GATA3 STAT6 £ [ #54%
{2 Ik AN A T %% S I F- T-bet STAT4 4 14
() 223K ; IR I A8 700 2 4 4 T1L-2 IFN—y ik i & %
%0 1L-6 IL-10 KA W W3, X R 385w
£ B B B9 AL BT B8 2 TL—12/STAT4 38 [ % 1k %
i, i Th2 A 56 4 4i i B a1 3k Jo kil
FLA ) Th2 A5k (4 34 Th1/Th2 2R 4

25 TR ARSI K BZ BN LA CDA*T ik 2 41
Ji 2 Ay E R AR, CDAT 41 M 3 #E 25 0 5 JAK/
STAT 15 53l s F 1k R A A7 5, HAL I AT e 5 1L-12/
STAT4 i % 3¢ 35 T A1 TL-4/STAT6 3 [t 3% 35 1 9
A, CDAT kT 4t g 53 Ak i Th ] Th2 EEF5 | i AL
Th1/Th2 KA 5] & S BE Bl bf . AR Th1/Th2 1 5% F
i AE TP BB 1 RIS BE A, B RE A 6 ST
2y KA AR5 LTS ARG, B A 22 R R sh 2
A, fEBACHESE 24 Thl 5 Th2 2 8] 4 45 AH T
ST S MILAAS T DL 45 IE H G g B, T an(E ) -
AR R Y P IR BT BB R R TS 6 B BH B
o KG9, 5 PR Z 1R EOAR R BH BE P
A AR s SR . FEVRYT OT I, AR FFTh1/Th2 /Y
B A, DA 98 5 G e B K B e e T gL T
I, IL-4/STAT6 5 IL-12/STAT4 i % nl V5 by oK A 24
YA T VR 5 LA AIIE Th1/Th2 245 , th 35
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