Advances in Clinical Medicine IfiREZ#EfE, 2026, 16(4), 720-729 Hans X
Published Online April 2026 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.1641300

GZMK-ZE R FEHE S I E P HY
EZ{ER

BOW, BABHL, FAE2, JRE

YA S BRSBTS Bk
NS AR XN RER DI R, NS RIS R

Wes H . 20264F3H1H; FHHEM: 20264F3H24H; &AAHM: 20264F4H1H

wm B

HE: #RTPREFK (granzyme K, GZMK)7E R ML E H RIS RHIE R H 5 5B RETRPRCD4. B4 E&-6
(interleukin-6, IL-6). @ 3RFLHF-a (tumor necrosis factor-a, TNF-a)[f]5% R, H-oH LiRIEIRE
GZMKE R MEZ EHIHMER . ik WEM AN RIERFE R A AR, HEBAFHRGZMK &
GIERIERIVKPER. RABSESE R INAUEE 1 (LOESS) 12 4 HTGZMK 5 CD4. IL-6 X TNF-a
Z AR, BN RSAER, YPHrCD4. IL-6 X TNF-afEGZMKS & ML 2 R HMEH. &
R: Bl EHAGIMKAFE T4, HCD4. IL-6 X TNF-a/KFiF EF- H#a$ . MR ER, GZMK
5cCD4. IL-6 X TNF-a¥ R IERZHES . FARB TSR ER, CD4. IL-6 X TNF-afEGZMK S H Ifil
Z ¥ FEEERNIER, HPTNF-affi P AR BE. 45i8: GZIMKA RS & LRI 5% 2 K 5E )k S
EYIMER, HATREEIECD4. IL-6 XTNF-ar S E R ERKRSERMENRELRBE. GIMKAE EA
R TR ML S 38 6 FERT 78 S TEAE VB B4
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Abstract

Objective: To investigate the expression characteristics of granzyme K (GZMK) in hypertension and
its relationships with immune-inflammatory indicators, including CD4, interleukin-6 (IL-6), and tu-
mor necrosis factor-a (TNF-«a), and to further analyze the mediating effects of these indicators on
the association between GZMK and hypertension. Methods: Clinical data and related laboratory in-
dicators were collected from the study subjects. Differences in GZMK and immune-inflammatory
indicators between groups were compared. Scatter plots combined with locally estimated scatter-
plot smoothing (LOESS) curves were used to analyze the correlation trends between GZMK and CD4,
IL-6, and TNF-a. In addition, a mediation effect model was constructed to evaluate the mediating
roles of CD4, IL-6, and TNF-«a in the relationship between GZMK and hypertension. Results: The level
of GZMK was higher in the hypertension group than in the control group, and the levels of CD4, IL-
6, and TNF-a also showed an increasing trend. Correlation analysis showed that GZMK was posi-
tively associated with CD4, IL-6, and TNF-a. Mediation analysis further demonstrated that CD4, IL-
6, and TNF-«a all had significant mediating effects on the association between GZMK and hyperten-
sion, among which TNF-a showed the strongest mediating effect. Conclusion: Elevated GZMK is
closely associated with enhanced immune-inflammatory responses in hypertension and may par-
ticipate in the development and progression of hypertension through immune-inflammatory path-
ways mediated by CD4, IL-6, and TNF-a. GZMK may serve as a potential biomarker in studies of im-
mune inflammation in hypertension.
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1. By
1.1. SIE

BIENRITRE

9 IfiL s (hypertension, HBP)& 4= ERVE | P4 f5c i WL B VEARAL Y o 2 —, RN Tl L
JiaEss . MR R RSN R IE O M RS RR KER . BEE AN 2 RE R A, R 5T
HEAEIE N, e RO ARG BT, SR e R R KT AN E R A A E Y E A S A A
AL A P2 T R 2 A ML KRS R 35 8 R A, TR AR L BT A I P R 8 2 2 BRI A o
CIUBEZE S0 ) 3ty S A R AE U . (R, FEARGRSGR R R 2 Ak, IR BENS S WL S o P S RE 4
BORAS KB R EWAR 8, 0T 58 3 i LS KU 20 2 AR T FUR A BLSE R L [1]-[3]

1.2. SefEgapaiETs

G P2 20 VR R S5 A A A 1R L S L 0 R G 4y, b T 4 /e BeiE Bt s .
i SRR L/ Th R B 45 75 TR LA SR B VE ] . CD4* T 40 B [ A AT 3 3 336 TNF-an IL-64 IFN-y 2541 i
DERE A JRE SN« FMR I 7k ) S5 B T T 40k ) AT B ) 55 S e i, HET SIS

][l
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fElr 5

SEIRSRFELAFE[4]-[8].
1.3. BikifEs K

BRI (granzymes) 5 4t FAEAAANIREEYE T 405 NK 408N F, S 58400 T 5 e
Br, HER2ZREOMFHERAZ—, BEIEMHECKBIIIREA KA, ITERICH K IEA JE&
TREREER, "S5 REE SOC. R T B, HAE 2 Mg RO S A
We DHIFRIZR, GZMK M3k W T A CI RSO FERER T A MREA, 75 2REH ] B
FEE S AL, AN GZMK 8] R i O AH OS2 AR B R e A (@ TR, (2 adE IL-6. IL-8 SF RES
R, IS5 R SOEMA S E A, T IX R, AN GZMK v GEA 2 % i L i AL b 45
B, AT BELE LA A DA P 9 i AR R A — i AR FH[9]-[12]

2. KEMHSHE
2.1. HRMREFHE

KA - SRR, 4l 0 NIEF A, 4 1 AEIIEA .. IR IR FE R 2 Wb dE iz
FME >140/90 mmHg BUEAERZ B RIATT): HEBRbRE QO IE S IR S R IR, M E
JFFB DhEe AN 4 Bl S48 S e Mkl 7055 o B T 2500 SRR T P9 52 VA XN RGP O ML PR R 32 PR A
B, TEEE BRSBTS A (AL . BRI 5k A3, FE2 03 23 A 4 o ik(SC-
07/02KT2024152Y) S 3RAF 52 Fts A . W7ot 54 2 BT 5T 4 i BV IAT 13 ]

2.1.1. XA T

(1) GZMK ¥R JEE: SR FH B G W B 36 (ELISA)YRL I M A LS GZMK WK, ¥f7 pg/mL. FifgFEA
WITEG — AT A ER A R e s Oy 3 SR, RS AT 1 B AR S S T, RS R 2 e 5 R
oA

(2) FIZERAERT: TNF-a 5 1L-6 K ELISA sifb 2R IGIEAGI, HAL pg/mL. i B F]— 5K
WG — ARG S, A A R 2 Y B, U4 U B P SR AT N B R S5 I, DAORAIE
eh e SOE AR

(3) GZEMMEEPR S MM : CD4 THEU(AM/pL) MRELHTT 5 LY (x10°L) 5401t % RBC
(x10"2/L)FR FH e PR RS ST 5 3145 4200 CD4 FRAR IR R4 — 25, FI DU ML T 48 MAH O G RS
LY 5 RBC 1EAX iR R, F T HiBIAINTE ot 5 HA — ekt

2.1.2. REHEK

K F 9% 4H 2314k % (immunohistochemistry, IHC VA I ZH 23 Uk K (granzyme K, GZMK) I 7K
W22 10% M IERED e . AR HLR A, SV, JEREA 4 pme YR ET 60 CIEIREFEM F 1~2
h &, RIREG W 2R B Sk KA B 7808 K . R 9 9% 2H 234k 24 (immunohistochemistry, IHC)yZ A6l 2H.
2RISR FE R -0 (tumor necrosis factor-o, TNF-a). H4HMI/2-6 (interleukin-6, IL-6) % CD4 [FJZRIAIKFo

2.2. G ERE

THEERAT IES S 7 AR 25 R IE 2S00 W LAY (AR e 22 R R 9 R A ¢ /e, 5B
M (P25, P75)F /<3 K Fil Mann-Whitney U #536(PL Z (R 7R). HHEERERA 2 K56 5K Fisher FEHRLK -
FASEME MR Spearman #H5¢(p), 43 AR S Bk IR H y RE5 R, HL4HIEU 456 LOESS “FiEihi2k
HEAT RTRRAY, DABE WL A A O ) B TE AR SR i 3 o [ U 237 - DU 75 v L S R AR 5:(0/1), BA GZMK
NEAZE, DBEBPNFERE. M. BML. &HAESAERE, KA Logistic FH# % OR & 95% CI. &
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a5

PR AR, RPN NI AR TR R L 2 I Y, APl GZMK 5 iy Ml [ 22 (7] & 75 A7 AE A
giiteA Kk

3. REERS O
3.1. E& e B RIMEMIEIREEE

1 uoR, IEFRHSEMEAS 90 Fl. PWAHLLERI, SiflEA TNF-a K¥H 6.65 (6.03, 7.42)
pg/mL, =T IEWAR 6.31(531,7.17) pg/mL, ZFARITFEX(Z=2.202,P=0.029); L&A IL-6 7K
N 2.09 (1.62, 2.59) pg/mL, =T IEH A 1.86 (1.48, 2.33) pg/mL, ZERA L1245 X (Z =1.985, P =
0.049); =ILEZ CD4 /K°FA 596.10 (533.52, 661.33)40/uL, 75T 1E % 4111 580.85 (492.65, 625.20)4H
Mi/uL, ZRASFEE N(Z =2.219, P=0.028). 14k AT (LY FIZL 40 1 3(RBC) Lh i 2 7
BTG5 (35 P>0.05). ABFFLIE—BHAT 1AM, 458878 GZMK 5 TNF-a. IL-6 2 CD4
FIEMHKE P<0.05), #7x GZMK FJfeZ 5 i M HAH DG SR OB Je T 4 S e i o i e
Table 1. Comparison of baseline immune and routine blood indicators between the normal group and the hypertension group

M (P25, P75)]
# 1. ERESEMEHELZGRE R ERIEFRELEM (P25, PT75)]

TiH 1EH 4H.(n = 90) ML 2H (n = 90) Zitl? P
TNF-a/(pg/mL) 6.31 (5.31,7.17) 6.65 (6.03,7.42) 2.202 0.029
IL-6/(pg/mL) 1.86 (1.48,2.33) 2.09 (1.62, 2.59) 1.985 0.049
CD4/(41fif1/uL) 580.85 (492.65, 625.20) 596.10 (533.52, 661.33) 2.219 0.028
LY/(x10%L) 1.81 (1.66, 2.41) 1.98 (1.67, 2.36) -0.28 0.78
RBC/(x10'2/L) 4.73 (4.49, 4.89) 4.64 (4.44, 4.85) -0.337 0.736

3.2. GZMK iRE 5 IHC iSRRI ER

3.2.1. FREXE
B RR, IEH A S s 2 AN A I GZMK 7K P AR B i 22 7 o IR 5 4 GZMK K 2278 68 pg/mL,

90 1

[o)} ~ [ee)
o o (=)
. .

—

w1
o
1

GZMKIKFE (pg/mL)
w B
o o

[5e}
(=)
1

-
(=}
1

IEHA fipiNE N

Figure 1. Comparison of GZMK concentrations between the normal group and the hypertension group (Note: “P < 0.05 vs the
normal group)

Bl 1. EFHESEMES GZMK REXLLGE: "RRS5IEFEHMEEE, P<0.05)
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fElr 5

E LR 4L29°8 79 pg/mL. il ELZ GZMK ACF IS & T IEH A, BFbL < driEfnma iz F A
BY R (P<0.05), %45 BEY, mIESEE GZMK £ikThaE, $oRHETTRES 5 A % 1 e
FOEFE . SABEE, GZMK fE NS T 400N I BEARSCHI /31, T REAE B i R A8 MR B 4 AR A
R AE— R ATER .
3.2.2. RBHELER

K2 IR, IEW A5 & R4 ) g AL FEPE VP AR R 22 57 o IR R A BHMEPE 3298 1.6 43, il
JEHLN 7.8 43 R A GREHAHEVE S T IER A, B <" oRmd iz R BA g%
(P <0.05), Z&5HREE, S EAHL HinoyTFREHEIE, R HIEHS EHAAEE K
MIPHIE RIS . SERTTHAMNE M GZMK RIS F, ATHIE N & I B3 A ALAE G IR K P A7 A
GZMK Tt , TEHAGUREIMFIERIBIGSR, —FH 7 —8. #—B ot ioR, &iEHsME i GZMK ¥k
I EETIERA, ZRAASE P < 0.05). S50 GZMK KFTHE RS R, 27 GZMK
SEEEAMAL)ZEEE — 8, nTRES S AR OG5 350 0% 2 RE I . e i 1 A b 7

\

R 6 4
@ ©

N

G AL B

IEH A ey I s 25

Figure 2. Comparison of GZMK concentrations and immunohistochemical positive scores between the normal group and the
hypertension group (Note: “P < 0.05 versus the normal group)

E 2. EEESSMESR GZMK KE R BEHEAMIFSITEECE: "RRSIEEHMEL, P<0.05)

3.3. GZMK 53R F R KR FRHE XM

3.3.1. GZMK iRE vs CD4 IRERXE

| 3 JRFE GZMK ¥R JZ vs CD4 BUs B, IEH 414 0)F B4 A5 THK GZMK. Bk CD4 X3, i
R DFEESAA T8 GZMK. Bm CD4 X, P48 =4 BB E. %4 GZMK KE4E
HITE 20~40 pg/mL, XK. CD4 £ 43 it 350~600 4 ffl/uL; =il k4] GZMK F 2 & 7E 58~86 pg/mL,
XN CD4 £ 43 A E 580~800 40/l . %R, GZMK Thial e CD4 B T 40 5% % % i L [E) 25
fifE. T CD4 RI&M R EE bR, HImnlGeREE T 4 S0 R0 R IG5, Btk GZMK
5 CD4 IR A AL N B 323 T GZMK T A8 b w1l T A 56 S s I i 72
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3.3.2. GZMK iR vs IL-6 ;RERIX R

4 7RTE GZMK K EE vs IL-6 BB, I H EZ 0 THRAK GZMK. B IL-6 X3k, 1 & i
HEZNM TG GZMK. 8w IL-6 Xk, HiE2ZEME. EF4H GZMK KEHEH/E 20~40 pg/mL,
SR IL-6 2434 T 0.2~2.8 pg/mL; & il 20 GZMK F EEEFF{E 58~86 pg/mL, X N IL-6 £ 43 4ii T 2.0~4.3

GZMKHRE vs CD4(4AfE/uL) (LOESS, &% 4H E)
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Figure 3. Scatter plot of GZMK concentration versus CD4 count with LOESS fitted curves (colored by group)
3. GZMK KE 5 CD4 i+ #avaL = Bl % LOESS #l &z (124A5] L&)

GZMKIREE vs IL-6(pg/mL) (LOESS, 14348 F)

ARITE
404 @ 450
41
3.5

2.5 1 ®

2.0 1

IL-6(pg/mL)
(]

15+

1.0 4

0.5 1

0.0 T T T T T T T
20 30 40 50 60 70 80

GZMKRE

Figure 4. Scatter plot of GZMK concentration versus IL-6 concentration with LOESS fitted curves (colored by group)
El 4. GZMK iRE S IL-6 JRERBLRE & LOESS &z (3245 L&)
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fElr 5

pg/mL. EH GZMK 5 IL-6 () [F] 284k 7R, GZMK Tl i SR 4R S5 A 25 Kk 2E . XU GZMK
A BB e RN 23T 1A bR &, AT RR 5 e I A8 SE SO B 5 A O

3.3.3. GZMK REE vs TNF-o {REHXF

Kl 5 7RTE GZMK #FE vs TNF-o HUS B, IEH A EZ 5 THBAK GZMK. B TNF-o X, 115
i 2H A PR R GZMK. 55 TNF-a X35, IE% 41 GZMK K& F7E 20~40 pg/mL, %R TNF-
o ZA01E 3.6~6.3 pg/mL; mIfilEZ4 GZMK FELEHTE 58~86 pg/mL, XN TNF-a £ 1i{E 6.6~9.4
pg/mL. &4k I, % GZMK #JZTFE, TNF-o KPR BT, HE s EE RS fm T IEwH, #
7K GZMK 5 TNF-a Z [AJA] fEA7/EIEM S R« TNF-o A& 5 5 5 ML A < I 98 AT P R 45 49 Fr) = B4 ¢
KF . GZMK 5 TNF-a 7€ EE_E R HE R 2L 30, GZMK T & a] GE 508 K R MK 9%, R GZMK
A e b L P SOE R R ARG R

GZMKJREE vs TNF-a(pg/mL) (LOESS, #&4%4H L)
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Figure 5. Scatter plot of GZMK concentration versus TNF-a concentration with LOESS fitted curves (colored by group)
5. GZMK iRE S TNF-o ;/RERIEURE K LOESS 1l &Iz (1Z4AR] L&)

—ikEBER, EWASEMEHAE GZMK K&HXT N $8FR(CD4. 1L-6. TNF-a) I 2 I HE K722
I3Aii . L EAREA FEAE D T GZMK. & CD4. 7 IL-6+ 15 TNF-a X35, 17 1E 3 41 3 B4 b T
AP X Ik % B LOESS #l& 2k i$en, Bi%E GZMK IKE 5, CD4. IL-6 & TNF-o k2 [ F+
AR, GZMK A B AE N G 41 M 575 5 JORE IR ON 3G 50 [T 7R A= W) 22 48 A

3.4. PAYRSH

BT ARSI 00T 2o, GZMK WJE THE 5 CD4. IL-6 J TNF-a /KT BA —Fiash . #t—L s
R FRAREI(E] 6) BT R IL, CD4. IL-6 J TNF-o ¥J7f GZMK Sl E 2 K45 S EHNMER, R
GZMK W] R it G 9% 40 v A S 28 RE DR R T8, TRt v R (R R AR R Je . A /e s ARk B (1] 6) 3
7N, {E GZMK S0 & LK F4E F 8424, CD4. 1L-6 J TNF-a IR I B RN EH .. CD4 KRl
NAEN 0.92, 95% CI A 0.62~1.27; IL-6 [IHEZZNAE N 0.93, 95% CI A4 0.64~1.25; TNF-o [1] [0
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a5

55 1.10, 95% CI A 0.83~1.37. =JiFEHr[1) bootstrap 95% B A5 [X [A] ) R B 0, $Es H AR N 5 B
Guit SR e WE=F ST, TNF-a AN K, 1L-6 5 CD4 2z, *W GZMK W] fEF %
I 5ERE Rl FIUH AR TNF-o AHOCIE R, 020 d i e 40 i A8 4k, i i = AR a2 . 25 |, GZMK
FHEAMYE CD4. IL-6 & TNF-o K @& UM G, 1 B Bk 4% RIEFR bR TE GZMK 5 & 1% 2 7] &
FERZERNER, 18 GZMK AT feidid SBe o K S mOHL I 2 5 i 1) R AR K& -

PNBRIIRE - GZMK — RIE/ ISR — RILE

TNF-a -

IL-6 1

CD4 A

8-
A 4

0.0 0.2 0.4 0.6 0.8 1.0 1.2 14
IR a*b (bootstrap 95%CI)

Figure 6. Forest plot of mediation effects: GZMK—inflammatory/immune indicators—hypertension (indirect effects ab and

bootstrap 95% Cls)
6. FAMRFRIKE: GZMK— i/ R ZIgHr— = ME(EHERL a*b & bootstrap 95% CT)
4. g

e ML 77 B s T N A R IS M A et i 2 —, R B RO Fok . B IhREmE L 24
BHIHREMEZE G R AFSW A28 & IR AR TG FE R gy kg, B5 -
BRI E - BRI RG0S R LE DR R SRR, Ik KEF AR, & IR AU R 5
ali ) MRS /725 58 PO, AR I8 5 HUARRSE AR JORE | Ho 28 25 L % I AROPR 53 4 7 35 DT R %
G AR . SORER PR LA P R B A R EAEA B Ae 4, LR s R R AR R B . TR,
MNP 9 E A P55 BRI AR e U RO BEATLAR, kT3 408 (0 AR ) 2 AN E T T s B B
AW FEHESE GZMK X — G AH K T RIF AT, 4iRERmiMEH GZMK KPRk e Txiiid, H
GZMK 5 CD4. IL-6 J& TNF-a %5595 SRR bR R M H B — S s . E—0 e 28 2o,
CD4. IL-6 } TNF-a £ GZMK 5 &iifilk 2 [BHfEERZEHNMERH, HHP TNF-a B/ 80V g, b
WREERIER, GZMK F] REH AR R AH O SRR AR I G, 177 5 m] e ik A 5 S B s e ¢
FEOKIS RS S @M IER R AR E . X—RINM “GZMK-%ay% JORE R 7 HAF = S LR 4L 7 # HiE
S FF[14] 157,

4.1. Bl

(1) HIRLL GZMK ARFFETIN £, R HAE s i P (0 R IR R AE L 5 s SORE IR ML K R, #
T e I G2 S REATLARI B 78 (0B A A

(2) TEAHRME A BLAl Btk — 2 5 AR A RUSL40AT, 487 CD4. 1L-6 & TNF-a 7£ GZMK 512
R AYER, N GZMK 25 & il R A K & VS TENLHI PR AL T Sk 224K
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(3) #7% GZMK ] BEAF Y HE S B 5 SORE UK IR S8R 01, Dy i ML PR 98 7 2 A 7640 S T
R TR AL TR A

4.2. AR FRM

RERFAERAG B U ER TR, B, AU ER TR LSt A
RAIHT, BIRP ARSI HRoR T IEAENLHI R AR, (E i ANREIE W™ M R S BRI R - GZMK., R
SAEFE B -5 v L 2 8] AR ELAE AT BE B XU A R 2, R RATS 75 ATWE PR AT 7E S AL S 36 1k — 2B B
HR, ABEFHEAEMIAIR, ATRER RN T RGETE, WIRE 7D Rt E. fian,
AEPER . FRE . RN BR A IR R EIRE T, GZMK 5 5 RAEFEIR Z MK R 2T 5, 1)
ARAEERFEARTIRIE. R, AT TEMAIR R RAETRARARXT AR, X 7 CD4. IL-6 Al TNF-a =
WifEhR. SEhr b, LS A O G B SE 89 [ 2 P e B AR L AL T AR 1. AL
WARbr S ME B R 1o B, AHEFC s s B v e R R 2N T ) — 80 . ARSR AT —
AU CD8. Thl7. Treg. EMEAMIAH ARG ML SAEN I, LU e mb it GZMK [K1E AL .

5. &

AWFFEI, GZMK e s A RIET &, H5 CD4. IL-6 K& TNF-a /K- FF-m % UM . CD4.
IL-6 } TNF-o #J7E GZMK 55 1LE 2 8 K EBZEHNVER, HA TNF-o PA-808 5% . $28 GZMK A]
RE I S B S 8 FBOCH L 2 5 LR i R A2 & F8 A 32 A v I 2 JRE T 70 A T (AR

R ED

SE K
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