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[ Abstract | Objective: To investigate the expression of Notch signaling pathway-related
genes in peripheral blood mononuclear cells (PBMCs) of children with Henoch-Schinlein
purpura (HSP) and their correlation with inflammatory cytokine levels. Methods: A total
of 66 children with initial-onset HSP (30 in the complex HSP group and 36 in the simple
HSP group) treated at the Guangzhou Women and Children’s Medical Center, along with
28 healthy controls, were enrolled. The messenger RNA (mRNA) expression levels of
NOTCHI-NOTCH4, JAGI, JAG2, and HESI in PBMCs were detected by quantitative
reverse transcription polymerase chain reaction (qQRT-PCR). Serum levels of TL-1B, TL.-4,
IL-6, IL-17, interferon-vy, and tumor necrosis factor (TNF)-a were measured by enzyme-
linked immunosorbent assay (ELISA). Spearman correlation analysis was performed to
evaluate the relationships between NOTCHI/NOTCH2 mRNA levels and the mRNA
levels of the ligand-coding gene JAGI, the downstream target gene HESI, as well as
inflammatory cytokine levels. Results: Compared with the healthy control group, both
the simple and complex HSP groups showed significantly elevated mRNA levels of
NOTCHI, NOTCH2, JAGI, and HESI, as well as increased serum levels of 11.-17,
interferon-+y, and TNF-« (all P<0.05). Furthermore, the mRNA levels of NOTCH]I,
NOTCH?2, and HESI were significantly higher in the complex HSP group than those
in the simple HSP group (all P<0.05). NOTCHI mRNA levels were positively correlated
with JAGI and HEST mRNA levels, as well as with interferon-y and TNF-« levels (all
P<0.05). NOTCH2 mRNA levels were positively correlated with I1.-17 and interferon-vy
levels (both P<0.05). Conclusions: The Notch signaling pathway is significantly activated
during the acute phase of HSP and may participate in the immunopathological process by
regulating the secretion of pro-inflammatory cytokines. The mRNA expression levels of
NOTCHI and NOTCH?2 may correlate with disease severity, potentially serving as reference

indicators for disease assessment.

[ Key words| Henoch-Schénlein purpura; Child; Notch signaling pathway; Inflam-

matory factor; Observational study
[J Zhejiang Univ (Med Sci), 2026, 55(4): 303-310.]

[ BB ] L 40M % % (Henoch-Schonlein purpura, HSP) ; %9 3k & & A (immuno-
globulin A, IgA ) ; Delta #£ B2 4Kk ( Delta-like ligand , DLL) ; £k e 5 2 3432 F R R4 1
(hairy and enhancer of split 1, HES1) ; Notch A2 7 3% (Notch intracellular domain,
NICD) ; I & Ba4% R (polymerase chain reaction, PCR) ; BB %, J& 2R M} iX 38 (enzyme-
linked immunosorbent assay, ELISA) ; it J& 3% 5t B -F a (tumor necrosis factor-a,
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TNF-a) ; £ ¥ i# # 5% PCR (quantitative reverse transcription PCR, qRT-PCR) ; 4} ]
A 3 A~ 4% 28 2 (peripheral blood mononuclear cell, PBMC) ; H- i B -3- 5k B2 I £, B4
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH) ; 13 4% RNA (messenger RNA,
mRNA) ; 55 85 % T 28 J& (helper T cell, Th 28 2, ) ; 2 i 2 /% & & B (matrix metallo-

proteinase, MMP)

HSP & — 1l TgA A5 04 10048 28 285 50 M
PR , s B fe 5 5 G WA 1 A8 N DT
L, SN REBT . I IR b LA R Ik e A
B I A R 4P & T 3~10 % L3, Horp
PL7~14 2 99 R g i, JARAE 0 % (13.5~
18.0)/10 73" HSP Wyl RFIZAE, AT B K B ik |
O T AE BB RE, I AT B AR b 2 R G
W RS, 51 &I AE gL THARTE H i B T REAS
SR fE R AR IT R RE . EAT, I B U1 P
KU, 2 5 B 2 ARG IR
B4 D RETUHE T 40 MR 55, DL K Z Rh A i
P (AN TL-17A IL-18 . 11-23) . #F5E & B, Sh4EEs:
ST 4 T Noteh {5 53 BTG 5 22 Fh R 0
FIKFTHE B YIARSE it HSP 5 QA A P51y
RIE T RPEN T RIAEVERRT , P& Y9 L T4
i G2 S T SR AE PR F- 248, 378 Noteh {5 5+
AT REAE HSP Gy S RE VA5 iR B W AEEH -

T L sh A PUFH Notch 3244 (Notch1~Notch4 )
AT Noteh BL/& (DLL1 .DLL3 \DLL4 , Jagged 1 £/l
Jagged2)™' . HESI J2: Notch {5 538 8006 5 B 5
LR R UiE G S I R =22 — 3 A0 o 0 3 PR A S
Z 5410 B FE K g P Notch 5457
A AR T FE 4B 40 Jfd 6] Notch It 14 55 52 1A A0 B4
FH o X EETC A A ML AN 2 3R e A KR A
T8 DA S FE 50 9 DSL(Delta/Serrate/Lag?2 )
RIS FR S Z ARG A el — RONE Fak
14 1 Noteh 25 1Y% AL JE X NICD, B J& NICD i
AR, RIS A E R fE2 R H B %
eI T, Noteh 7538 B3 2 15 B bk I 40 a3 5 A
POAIE 7 B HAE J L HSP A BF IS AR Bl = .
A5 3 3 A HSP £ L Noteh 3244 Ko b ¢ 98 9
K 7K, B2 15F Noteh {5 538 #% 5 HSP LR AE
SV AR Sk

1 &5FH*

1.1 % %
e 4E 2023 4F 1 H 2 2024 4F 1 A £ M ERE

KB 1A 2 L EE BT b o Bl g e KO B2
Wi 491 % HSP B & L 66 1 o 12 Wi B2 43 18 4 o
OFF A QL o Hrk: S 3G uE 23R g )™
HSP AH 2 Wrbr e, HSP B LRGFE 6 41~ H 4 H B1
I JR AN (5 25 1 IR 12 W R S8k W % @4 T
HSP Z20PE 0, A7 78 MUY K2 92 0 (580 5 e i
oA % 0 R 7 A A B R T B B AR PR Y
BT 5 4 5 )R 42 32 W e BT U 38 S H: At # y3 1l)
HlRIEYT o HEBRAR I : Q& R | 3R
5 BE L EL A A3 RORT TR e B A R e s, A
TE I TC T B M s @il ok 7 B Pk 8 KU
PR 56 2 HE PR 45 406 20 20055 s D PR F8 ) Lad 2o 6
AR HEBR A G ORI LB AT . 66 il L,
AR HSP (AL O AR RA ) L
30 4, A% (5.2622.95) %, 1 14491, 2o 16 41
B BT B BRI 5 B ali B HSP (RUT B E2 92)
L 36 1, AE#E (5.96+3.29) %, F 4 22 1], 4o Pk
1441 o 53 IIZBE LR ABRE T T2 WS AR Bt it L 2
28 £4 , A1 (4.96+2.86) % . HSP [ L5 filt JFE X}
WL A% 22 S G i L (P>0.05)
1.2 AR

TRNzol Universal & RNA & BUR 7 (DP424)
Sy R AR A A B (b ) A R A E 7
Bestar® qPCR RT Kit(gDNA Remover) (DBI-2220)
el g B A YRR A BR S FL 5 All-in-
One™ qPCR Mix(QP003) JJy i [ )7 M &2 fg L A A
BN R 77 s B AR R — 2R (A ) (D6079) g
[l 1 g 22 5l bR AR B A RS w77 s A
IL-1B ELISA i{#] £ (E-EL-H0149) . A\ IL-4 ELISA
5 & (E-EL-HO101) , A 1L-6 ELISA i 7 £ (E-
EL-H6156) . A IL-17A ELISA &7 £ (E-EL-H0149)
Ay FHEE ELISA i35 £ (E-EL-HO0108) . A TNF-a
ELISA i 7] £ (E-EL-HO0109) 2 7 [ & 35 4 3 Bt
R A YRR AR A BR 28 17 s TEOK S BE R
fist | = SR E AT R M AR

T100 PCR 1% 4 3% [ Bio-Rad 22 & 7% it ; Quant
Studio 6 3Z I} %¢ ) %F H# PCR & 4t~ 32 [E Thermo
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Fisher Scientific 23 & 7= i 5 ST-360 i X A
I RMEA Y TR A FRA T 6
1.3 qRT-PCR #: il PBMC " Notch {55 5 3 % AH
KHEH

53 5 R 4R HSP £ LN fgt 5 X I 35 25 1 A0 R
145 3 mL, ffi ;| EDTA $TBE /7. A 1 mL
TRIzol Reagent, X 5 WFT LT85 WERE AL, 4 °C.,
13 000%g 250> 10 min, $ 115 W 5% B8 B A 5 A% b
W TR ) B0 N o I 250 pl =& F e, 72
AYVRAT, #E 3 min, 4 °C .13 000Xg 5.0 8 min,
W EI RS B R B0 L A 0.8 f5 AR
SR, BEIR ) . —20 CHUE 15 min, 4 °C,
13 000%g 50> 10 min, W BR WAL, A 75% 2,1
1.5 mLYESRDUIE . 4 °C.13 000xg B5.0> 5 min, #
WA 5 T F 2904 TS 1IR3 min,
JIA 20 wL A 55 BRI Bl 1 7K 75 % RNA

PEPOF 4l ik S RNA, PCRE TP IMA R 2 pg
RNA W, 1 pL oligo(dT) 15, I FIAS & K b2
Pk i 1 25 B F K AN R & 12 pl. T PCRAY I
70 CHHIE S min J5 B T UK ER AT, MRIKINA 4 pL
SXZE M, 2 wL 10 mmol/L A A% =#iiR, 1 pL
A2 W A% R TR AT 4R 7 R 1 WL 300 5% SR il . F PCR X
- 42 "CHR IR 30 min, 2 45 K5 80 “CHR I S min
DI 0 2 S g BT A P A 90 wL XU 7K i
B BT —20 CH

H20.2 mL PCRA4E, FCHI 4R 2 Wi AA 5 < 2xAll-
in-One qPCR Mix(10.0 pL) ,PCR 35 #7(2.0 pul.),
PCR F #5147 (2.0 pL) , B 4M DNA (2.0 pL) , 50
Rox Reference Dye(0.4 L), %Z€7K (3.6 pL). PCR
B2 WA 95 °C 10 min, 1 ME 3 5 28 7
95 °C 10 s,1H k55 °C 20 s, P4 72 °C 35 5,40 4>

1 Notch {558 BAH I H 519731

PG, LLGAPDH AN S diad 27 ki1 4 H
()5 mRNA (9 FHXF R IROKF . A 51935 |
URINAERIE R e A A7 BR A /A g, W2 1.
1.4 ELISA W 1M i RAE T K7

Fie HRIC E2 1500 0 B 5 v 09454, A B A
WF 58 5 4 000375 H TL-18  IL-4  11-6 . 1L-17 .y T3
K TINF-a 3 RAEH T KF .
1.5 Sk

K SPSS 15.0 4748340 B0 T R T
IESERT , £F A IR 0T 2 7R DL 4
FRfE 22 () o, LA HL SR FH PR R O 2547
BT, 2 1) 9 0 LR ] LS D=2 A6 56, 7 25 5 P VR A
K H Bartlett’s K5 5 . A A 1IE S 4040 0971 5 %
AR A BT A ) [MQ,, Q,) 13
IR, 22 48] H R AE 280 Kruskal-Wallis H K
55, 2R [B] P 38R Mann-Whitney U /356, #H
M43 BT K FH Spearman K5 55, I 28 Bonferroni K¢
iE. P<0.05hERBEARITFE L.

2 & R

2.1 HSP /£ JLPBMC H* Notch {5 51 B AH G LA
Tk b

HLafi R HSP 4 A1 44 8 HSP 41 NOTCHI J
NOTCH2 mRNA 7K F- ¥ &5 T fidt Je X Ji 20 (34 P<
0.05), H % 7271 HSP 20 34 = T B0 8 HSP 41 (1
P<0.05) . FA4iA HSP 41 F1 A =7 HSP 41 5 il
X} BE 41 (8] NOTCH3 . NOTCH4 mRNA 2% 5% T4 1t
R X (¥ P>0.05), W32, JAGI \HESI mRNA
FEIR K #A Al A HSP 24 FN & 24 7 HSP 4l 34 5 T
fa BRE X R4 (1 P<0.01) , H. % 2= %1 HSP 4 HESI
mRNA & T4l HSP 41 (P<0.05) , 1fif JAG2 mRNA

Table 1 Primer sequences of Notch signaling pathway-related genes

HE el E(5'—3") Rl (5'—3")

NOTCHI NM_017617.4 GGGACCAACTGTGACATCAA GTAGCCACTGGTCATGTCTTT
NOTCH2 NM_024408.3 TGCCAAGCTCAGTGGTGTTGTA TGCTAGGCTTTGTGGGATTCAG
NOTCH3 NM_000435.2 CGAGAGCTGCAGTCAGAATATC GGCAGGCACAGTAGAAAGAA
NOTCH4 NM_004557.3 ACCTGCTCAACGGCTTCCA AGCTTCTGCACTCATCGATATCCTC
JAGI NM_001090307.1 GTTAGCTCCTGCCTCCTTATTG CGGCTGCCTCCTTCTATTATG
JAG2 NM_145159.2 TCGTCGTCATCCCCTTCCA CTCGATCAGCAGCTCCTCATTC
HESI NM_005524.3 TCAACACGACACCGGATAAA TCAGCTGGCTCAGACTTTCA
GAPDH(NZ) NM_001289746.1 GGAGTCAACGGATTTGGTCGT GCTTCCCGTTCTCAGCCTTGA

HEST: BARAN 5> 2L 50 7 [ 1; GAPDH « H - s -3 12 Mot 01
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Table 2 Comparison of mRNA expression levels of Notch signaling pathway-related genes in peripheral blood mononuclear

cells among the groups

(M(Q,,0,)]

4 Gl n NOTCHI NOTCH2 NOTCH3 NOTCH4 JAGI JAG2 HESI

FIAIHSPAH 30 16.29 6.74 2.08 1.93 432 238 5.30
(15.11,17.93)"  (5.90,8.24)" (1.56,2.46) (1.78,2.30) (4.14,4.67)" (2.12,2.92) (4.88,5.83)"

HZiRIHSPZH 36 8.66 5.36 1.98 1.94 4.08 2.55 4.20
(7.90,9.41)"*  (4.43,5.86)"" (1.66,2.30) (1.74,2.21) (3.66,4.38)" (2.35,2.95) (3.93,4.80)"*

BT IR 2H 28 225 0.95 2.00 1.90 1.92 2.08 2.93
(1.88,2.42) (0.61,1.30)  (1.67,2.23) (1.59,2.03) (1.68,2.09) (1.82,2.18)  (2.39,3.31)

HAE — 81.35 67.55 0.94 1.94 60.1 1.08 64.99

Pl — <0.01 <0.01 >0.05 >0.05 <0.01 >0.05 <0.01

2

— TEAHSCHUR . S SR LU EE, T P<0.01; 5 5
HEST: BRI 24858 1 [ 1.

FIKAKFAEAS AN 2 7 LG FE X (¥ P>
0.05). W2, Z5R LR, HSP & JL PBMC H?
NOTCHI NOTCH2 .FCLARFEH JAGT LI Je i Ik
HESI i) mRNA ik 23 .
2.2 HSP LG 25 H 7K A2 1k

S g MR LB, B AR HSP 4 A 447
HSP 4 1ML 1L-17 .y TR TNF-a /K2 T3
(¥ P<0.01) , T IL-1B . IL-4 . IL-6 7K F- 2% B L4 1t
SR (¥ P>0.05) o bR RE AR A
HSP 41 55 P afi B HSP 41 /] 1k 22 S ¥ L Ge 12
B (¥ P>0.05). WE3, ZEER,HSPEIL
A1 JE il Z2 B0 SRE P F K E T R, HLA AL T B G
() SRR IR A
2.3 HSPHEJLNOTCHI NOTCH2 mRNA 5 HiE
FE A DG 5 PR B AR A PR P /K- g+

HSP & JLNOTCHI mRNA /K5 JAGI \HESI
mRNA 7K F DL Ky TR 3 TNF-o 52 0FE A7 G (3
P<0.05) , NOTCH2 mRNA /K ¥ 5 1L-17 .y T &
EIEAE (4 P<0.05), WL 4. 45048/R , Notch 5
ST ES 5 HSP B RAE T e JE T R

HSP 41 L #2, #P<0.05,#P<0.01. mRNA : {5 fifi RNA ; HSP: i3 8 805 5

R4 dHEEEREILINAIM A NOTCHI (NOTCH2 mRNA

5 LT A G HE TR B R AE PR 5 7K P AH S

45

Table 4 Correlation of NOTCHI and NOTCH2 mRNA with
their pathway-related genes and inflammatory factor
levels in the peripheral blood of children with

Henoch-Schénlein purpura

S NOTCH1 NOTCH2
r PAH rfi PAH

JAGI 0.86 0.026 0.69 0.128
HES1 0.88 0.021 0.38 0.449
IL-17 0.72 0.100 0.82 0.045
R/ 0.87 0.024 0.82 0.042
TNF-a 0.91 0.010 0.68 0.134

mRNA {5 {f RNA ; HES 1 : RN 2458558 TR UEH) 15 TNF-ac:
iR FRAE A F .

3 it i
HSP 2 L % UL Y LA 4% , DL/ R
T EEEIER IS HSP B LR 5 U, 20%~
55% 1 5L H B0 SR PR 5 48, 0 /R LT i Sy
KARMEHES o AR K EMIFIER  HSP 1) &
HERES A N SR

R3S RHER T A 9% 2 IV %% VAR G, Th 4
Table 3 Comparison of serum inflammatory factor levels among the groulzspg/mL o W AT B I B 40 SR 0
_ h EL g e A A

41 5l n IL-1B 1L-4 1L-6 1L-17 yFHE  TNF-« it j TF:r K /f}fa G
FRRIHSPAH 30 11.64+2.32 7.08+0.28 19.22+2.38 45.38+6.39" 25.4+4.4™ 100+25™ PIURAT I BE , BT 5
PLAHIHSPA]L 36 11.61+1.70 7.24+0.74 20.44+1.68 42.37+5.34" 26.6+4.8" 94+11™ T MR AT SN A I A
FEHEGTIAZE 28 11.52+1.48 6.83:0.31 19.26+1.53 4.10£2.62  7.5¢2.1  23+4 W45, 7 HSP 2k,
P — o0l 0.87 0.67 104.10 36.68  35.36 AR IV TR N 1 e K
PiE — 5005 >0.05 >0.05 <0.01 <0.01 <0.01 1) TIgA, H IL-18 ., IL-6,
— OO . SR R ZH AR, " P<0.01. HSP: 3 et 2595 ; TNF-au : IR R AE 7 . IL-10 IL-17A IL-18 .IL-23
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S5 JAE A KO T S B OR RE A
HSP 2P R AE Sy i R #E s 2R

Notch {75538 %2 I8 15 G 72 4H M 7316 R oy Bz
A RE M EEEEHLE] . 7R IR/ B A | BH
Wi Notch {55 1] A %K P8 Th17 2 i A1 Th1 408 5
JNE, A T 9 E 40 6 i A R R I VR AR A PR
T LA™ BeA AW UE SN ] Notch1 3k 1]
S R S0 S | =R e N IR RN AN |
Fe 40 AR, DL S MMP-2 . MMP-9 335 (515
TR, Notch {55l B AU S 5 TR R 2 1
5 Sk Th 400 F1 Th7 20 M, HOR i
BB BED HES T T 285 RAE RN % 0 50+ BF
FEIR , HEST FEA 4L 200 BB 45 v A T 22
PR, Hom e a8 Tl R Ui 28RE S B 3
Jagged 1 11 55 5 22 35 8 A by 2 38 B0 19 )5
SRR LA L4 A rh 32 451 ) I 78 A B 200 i
KAFEAR BT 4 S 40 AT 15 3R 58 Jagged 1, il it 5
T bk I 41 22 17 A9 Noteh SZARZE A I 8l i 28
Bl B R HSP & 9% ] Rt 2R LML ] S
U, ST HTZ MR I T T RE , Noteh {545
BN 5 2R [ B G e B YA G, AR
FORE HAE R HSP & 95 AL il B0 175 PEA 1 ¢
HEYIA S

ARSCHERE N, HSP £ L PBMC H NOTCHI |
NOTCH2 . JAGI } HESI () mRNA 7K 3] g 3 &
FEFEXT R, H NOTCHI .NOTCH2 ¥ HESI 7%
522 B HSP L I = o 3 $87R Noteh 15
S TE HSP 20 B S s, H TR E S5 R
PR By 70 S AR B UIAHOC . T A A
HSP B JLE A E RN Bl X EZ R
AU , W Noteh {5 53 [ AH ¢ 3 PR 1) 2 38 7K -
AL RE AT LA R I PR 7 1 1R 1) FE HSP ) Tl Bl HSP
B R AR A PR S

TNF-a &5 [ HSP B 9 BRI . 5
JC B WA 5 Rt R i) fB L HR R, e A R R
() £ L IALTE TNF-o 7K P W1 i, B8R AT 753
B /NERTIRE A, A ST HEE , Notch1/Jagged 1
R A RS T AR L A SN A TNF - 15 T 1)
A RIE A, 7% Noteh {5 518 i 7] G 1 18 72
TNF-a 2 5 HSP &% . A SCHER IR, NOTCHI
mRNA K5 v T2  TNF-a 2 1M, NOTCH2
mRNA K5 1L-17 oy TR FE R IEM K, it —4
UESE Noteh {75557 Th1 2 L/ Th 17 48 Jfd e 5 1o 25 v

RIEERARWIHEIER . Hrh , NOTCHI mRNA 5
TNF-a ik B SEEMX, 5y TR K JAGT,
HESI mRNA 7R 2 HHC , 3X E[IHIE T Notchl 75 HSP
S S R I AZ O M A 5 Jagged 1 B 1
Notchl 454 5 , 8 £ BOTE B I R0W 43+ HEST, &b
UK H1 Toll B 32 A A 5 (1) S AE AN, 2 11 15
Kt TNF-o S 40 R 7 R . AR SCoER R,
NOTCH2 mRNA 5 1L-17 %] 6Bk . w5 &
A, Notch {5 *5- ] 3 4 1 2 900 o) 90 42 24 FP R A %
L2 A4 yt S P8 45 Th17 41 B 04 kS o 2 4k, 30761
Notch {55 5 AJ I & BEAIK 1L-17 55 Th17 40 L AH ¢ A
Ty A R I Ak T RE S A IR B Uk 4
W23k B K 20 TR 1, AR PR A T2
IgA PRI GRE R R . R EE AR, Noteh i
% T BEE o W AR AR S 5 HSP R - — 7 T E O
Notch1/2 i fig ¢ Th17 4 Jifg 38 58 I 73 Wb 1L-17, 5
HHE— 25 1B Ik B AR TR A I e R TgA 2 i
RN A, S B0 TgA 1o BE P2 A R o AW
DU VA HSP S 8 4 1) S5, 1gA T e S TR
S K B ARG B9 0 L T Noteh {5 53l % 1T i 3
1t AL JOARDS , P IR TNF-o 25 98 4 A 1~ 2L [F]
T IgA M-S RER 5 53— J5 1T, Notch1 i i
P2 PAAZ AN ARG Ak JBOK Th 408/ Th 17 20 8 9 A
JRL, i TNF-o0 55 5 PR 436, AT 2
BN R, £ H O e U RLE A S A S
i HSP 2P I A4S 9 RE J I

H i, HSP (36 T7 A7 LA 2 i 2% o0 &, 8
o BB AEENE R T R MR s 5 R K™, A
SCHERE 7R, Noteh 5 53 [ 78 HSP A E 7F £
RAFFEEANER, PR 8 17 B0 4] Noteh {5 53 % n]
FIE AT LA TE Ao 9458 G 0 P U A AR N, AT
oAV ARE B2 Joi 9 2 ) o R 8 i R 1 ke A XL
i o AHR AR SCHEOREA B v i R ZE P 5T
FEARRA R, HAUK I T Notch {5 53 % HH ¢ 5k
P mRNA 7K, 1 AN BE 58 42 R B8R B D) g -
R A AT 3 Ao AR AT TSI 56 5 Bl 0 A TR A S PR T
Notch {5 5 18 6 15 TgA e & A YU FL K i 4 4
i B AR AL, TR R 2 vl CREEARHIESY , LA
B EAS S AR R FH A A

A ST e ST L v, T RA
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