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Abstract

Objective: To investigate changes in peripheral blood KLRB1+IL7R+ydT-cell subsets and their rela-
tionship with granzyme K (GZMK) levels in patients with hypertension. Methods: Sixty subjects from
a previous clinical sample bank were included in the flow cytometry subgroup, including 30 con-
trols and 30 hypertensive patients. Flow cytometry was used to detect the proportions of total y6T
cells and KLRB1+*IL7R*ydT cells, and serum GZMK levels were measured by ELISA. Results: Serum
GZMK levels were higher in hypertensive patients than in controls (U = 276.0, P = 0.010). Total y48T-
cell proportions showed no significant between-group difference (U = 354.5, P = 0.160), whereas
KLRB1+IL7R+yd8T-cell proportions were elevated in the hypertension group (U = 311.0, P = 0.041).
KLRB1+IL7R+yd8T-cell proportion was weakly positively correlated with serum GZMK level (r_s =
0.304, P = 0.018). Conclusion: Elevated KLRB1+*IL7R*yéT-cell proportions and their weak positive
correlation with serum GZMK suggest that this subset may be associated with GZMK-related im-
mune dysregulation in hypertension. Given the small-sample cross-sectional design, these findings
indicate associations rather than causality.
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1. By

o L A o i 0L 070 R AR R R EL B B M R, R R ER R b 4% TR A% O il . —[1]. BEE
N EERAN . AR fes 6 DR 3 SR AR 2 AR v sk, 3R] vy afiL s BB AR A T 7K, R RFER s
Arp RO T R T S AR (2] (3] H RITI ARYE T 22 [ S8 i s 2 ) AN A 6 PR 21
RS, AR B TE IR 3 )5 A7 R A A O LA IS, R v ML P9 A e JR AR B4 p 1LY 30 7
2R RS RIS R R RGBS BRI NAT  KENTE R B S LR A, g
i S5 TE i L A PRIV F 6T 52 B iR [4]-[6]. BREAERFFEIR N, T ARG I8 R JOREAN IR . B
T RE R i K A BT L[R2 5 i T s SR 2% B AR [S]-[7]. BRI, AARE R G2 A PR STV AHE A B R 28 o I
JEASCAORE S8, W BT B3k — 0 B v L ) S B P LA

yOT YR — 2 KIE po B T AU SZ AR DR IR T 4HA, e BL 1A G002 RE B 1 e e, wfE PR 2
TR B0 PR B 4 E R, IS5 4 % ALRR T 28 RE VR 4% 8] [9]. S1&4E ofT 4
FHEG, poT AR EA RS, AFREHEHLUAE . RN E . AR 520k A M 5 7 703 7 T
FAEZES, RIRAi LR poT 40M Ll mT B2 0278 70 I BRI D R ARAS[8]-[10]. T4 /O ML P50 A S
FLHEIR, HME L poT 4R S FOAE T 2RO, H T 58S 5kl REREAL S5O U SO I FR[11] [12].
KLRBI %ifih CD161, % 5ic1orf. HIUTLR K ARIENBRFEA G IL7R fd CD127, 5 T 4 A5 Al
FaSqerrs UM oc. B 0T AR A 247 KLRB1 1 IL7R F£IAHFHE, HATAeACR 2K st
AETE BE 21N 9ERE I LV B8 1 D e P 4 R e

GZMK PR F e 2 2 —, FEFRIETIHL T 0. NK 40 AR A2 RE e i 13] [14].
5 LA SERAN MR T 3 BRI ORI AN ], GZMIK T4 SRl A B B8 58 H A AR 40 B 2 1tk A e
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RIBVE, TRESE RIEMOR. PR AHM0E FIZH G R2[13] [15] [16] AS TR AT HH 541 a4 5% 26 7 i
oo, miiE B AT BEAA/E KLRBIFILTR yoT 4HM0EHE, HEARK S GZMK RKIAFFHE. R0, H408u
48 FAT) T BEAE NG PR FEA ol i 30 G0 B AR B AT I8 AIE . ASHIF 70 3 B R A AS i vp O A S 21, 43 By
KLRBI1FIL7R"ydT 40 M AE & il % &3 A L 384k, FFidE— R0 H 5 iE GZMK 7KK & .

2. EREF*E
2.1. FARIR

9 HCAT 39 v L M RS AR P o B8} 58 2 L B8 SR I AR A 25 R 1) 60 BB TEXT R, bl TR 20
30 91, iR 30 . LRSS IR b E SR BGR TE ) ARiE. D BRAR T G AN S8 10 2 S
RS, i s 2 BRI PR 0 AT S B, b 1 . 2 0N 3 Gl 2% 10 il iZpEACE 32 5
TR AR IGAE, 07058 S R 2R PRI R 5
2.2. GZMK #&3

KT TN GIF R EAN AR, %R —REE O R IFRAFIIE . [17E GZMK 7KK H i
R A B R BB A I, RS AR PR B S B e R, R E AR ER . AL, A5 R EL
pg/mL FIR,

2.3. RINAAMREARKEA yoT MR F

HUAM A ML pidtbr4s, KM CD3. TCRyd. KLRBI(CD161)} IL7R(CDI127)HiARHEATA M . 20 B i
SR IE FSC/SSC Pl ek L4 ffu i, BEJSE CD3'T 41 FF iR %] TCRyo yoT i . KLRBI'IL7R poT 41
5E SUA CD3'TCRys ' KLRBITIL7R AL, &5 5L poT 4 bl R om . il I sems WL 1.
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Figure 1. Representative gating strategy for KLRB1*IL7R™ydT cells
[# 1. KLRBI'IL7R "poT 4R R MR B TE
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24. BHFERE

KA SPSS 26.0 #H TG40 . ESBBELAIESHRK G, ZRATEIESSAN, %L M (P25,P75)
Fon, WALECKH Mann-Whitney U f5%; 702848 5 DAI(%)Rax, 4LIAIELECR 2 #5535 5K Fisher #iY]
MEZR . MSMERA Spearman FRAHIC /M. DL TS M MR N RAZ EHEAT Logistic [EIA50HT, Mg2
GZMK K poT MHKAR RS B HARAS I OCEE, JFLL OR fH M 95%CI Ron. BREEIAMFFEARA K,
Logistic £ 84 LR R 320 W v, S5 5R A THOR RBT 1], AMERRHEWT . P<0.05 HZERA G L.

3. 58
3.1. FE—RRFERIELE

AWFFRILGIN 60 B AG I W AREA, FHorpxHEZE 30 41, wi R4 30 6. PRALEEES . HEa. T
SR S B AT SR B B ZE I TE AR S, IR 1 I e A N SR IR R Ay R g 1 R 2 A
3%, £ 101,

Table 1. Comparison of baseline characteristics between control and hypertension groups

F 1. RESSMEL—MRFRIELIR

TiH X R 4(n = 30) T IILE 4 (n = 30) Guit & P{H
W 71.16 (66.36, 75.26) 71.56 (67.87, 79.14) U =380.0 0.304
FE/m (%) 15 (50.0) 15 (50.0) 22 =10.000 1.000

W R 52 /m (%) 10 (33.3) 6 (20.0) 2 =1364 0.243
W S m (%) 4(13.3) 5(16.7) 2=0.131 0.718
BEAE 5 FH 1 /n (%) 15 (50.0) 18 (60.0) 22 =0.606 0.436

VE: AEIRLL M (P25, PT5)#R, IR n(%) R, R S PR UG VOB T SRR — R A s, R A
RS, U T HR AT 5t
3.2. BIMELAME GZMK KEAS

A LR ZLIMTE GZMK /K a TR IR, ER B S5 E (U =276.0,P=0.010), W% 2. 2.
3.3. SMEL KLRBI'IL7RyoT AL BELL A=

P yOT 40 B8] 25 S E GE 24 75 (U = 354.5, P = 0.160); #E—5 A hREME T RE R I, = I &
2H KLRB1TIL7R ST 4 A LL A i F- X6 R ZH(U = 311.0, P = 0.041), DL3% 2. 4] 3.

Table 2. Comparison of GZMK and ydT-cell-related indicators between control and hypertension groups
* 2. MBESEMEHR GZMK & poT HEIEFRELE

febr Xt B8 41(n = 30) L 2 (n = 30) U {H P {H

GZMK (pg/mL) 44.41 (42.59, 47.25) 47.89 (45.45, 50.03) 276.0 0.010

y0T 4R LIS CD3'T, %) 3.22(2.55,3.79) 3.48(2.98, 4.15) 354.5 0.160
KLRBI'IL7R*yST 4B LLBI( A7 90T, %)  15.00 (12.38, 19.27) 20.42 (16.51, 25.97) 311.0 0.041

H: BHRFRLLM (P25, P75)Kon, 41 ELER A Mann-Whitney U 65
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Figure 2. Comparison of serum GZMK levels between control and hyperten-
sion groups
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Figure 3. Comparison of KLRB1*IL7R*ydT-cell proportions between control
and hypertension groups
3. XEBESEMELE KLRBITILTR T ABEEL FIELEE

3.4.p0T YHPAT 85 GZMK KRR X 14

Spearman A543 HT &7~ , KLRBIIL7RpoT 40 L] 5 M3 GZMK 7KV 255 IEA%(r s =0.304, P =
0.018), 1M yoT A& LS5 GZMK TG #EAHK(r_s = 0.057, P = 0.663), W.7% 3. Kl 4.
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Table 3. Spearman correlation analysis between GZMK and ydT-cell-related indicators

52 3. GZMK 5 y0T $#H5$845HY Spearman 83X 5347

Al ) rs P 1A
p0T 4R L5 CD3'T, %) GZMK 0.057 0.663
KLRBI'IL7R"yST ZHfELFI( poT, %) GZMK 0.304 0.018

VE: AIePER A Spearman FRAH T

Correlation between KLRB1+IL7R+y3T and GZMK
54 4

rs=0.339 ; )
52 4 P=0.006 o &)
Q
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7 BUS B EOR KLRBITIL7R ST 4 bh il 5 1Ml GZMK /K-F 2 18]
B RES 0 sUNRTIRZA, SO SO R4 .

Figure 4. Correlation between KLRB1*IL7R*ydT-cell proportion and se-
rum GZMK level
4. KLRBI'IL7R T 4HBLL IS M17E GZMK 7k FROHE X 1%

3.5.poT HHXRIBFFSSMER Logistic [EYA53 4

DU TS A i i 2N PR S JEEAT Logistic [FIVA43 4T . 45 R38R, GZMK /KFF+ 5 B KLRB1FIL7R 6T
Y1 ) T w8 S s T FOR AS AR Ge it 24558k, 1 poT 4B bl 5 i HOR A I B E G it 3 X
WA 4o BT AP FREARA R EDRRMIESITONE, 1285 RA B R M T 808 B R R R R

Table 4. Logistic regression analysis of GZMK and ydT-cell-related indicators with hypertension
2 4. GZMK K y6T tHX a5 S MER Logistic [E)35347

AR OR 95%CI P{H

GZMK (% 1 pg/mL T} 55) 1.20 1.02~1.41 0.027

yOT AU ELAI( 5 CD3'T, %, 4 1 NE4FSTHE) 1.36 0.82~2.26 0.238

KLRBI'IL7R"ysT AL ELBI (5 90T, %, & 5 ANE 5 STt 5=) 1.68 1.06~2.66 0.028
e FARENES S IEHGHRA =0, milEA = 1),

4. it
AL IE. GZMK & poT 4UMERE (06 BHHTHRE, FERIAHE: &Ik
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GZMK 7K F-F+iErs poT A L BI/E R4 G2 % 22 5 s KLRB1'IL7R poT 4 A b i 7E i 1 e 20 7 s
KLRBI'IL7R"yST A LLHI 5 MG GZMK 255 1EAHK . FIRERIER, &R R S H Rt dER
PN poT dUH AR 38, 1 56 1 REARBIAEE 2 S REPE yoT AN IE R (AR X & 48 X GZMK MIscifith. 2
HESRIAN A, AR AR SR e, B Fed il amalim, Rk H r R s 3 2 alfF
TEG A REE, AN REH EHE KT 1220 B VA T /50 A2 v I s R 2B B 18 43 R B DRI 17 [18]

yOT ZH AL AT PR S B N A A SORE T BE g, 76O I A S rh vl B R T MR 5 [ A f 028 5 368 o 1 %8
PIVERI[8]-[12]0 ASA poT 4HMIERFELELHLE AL FUIR R 20 R 7 R ORI 40 M 35 7 - 3R08 5 THIAFAE i
e, DR 2 0 3 S B TR A DG S B R AR . ARBEFTH, 0T 2B e LA A D St 3% 22
S, 1 KLRBIUTIL7R B T &, IX— 4555 poT 4 FMERREAI) &, 3R i LIRS R W BEAAAE
PR WA S BT Re A%, TMARSME L poT 240 A Bl i ol

MINGEM A, KLRBI1 4ifis CD161, #H YN GICILFEREL, HLUTRE R 1 L SORE N BREAEAH 2K
IL7R 4@fi% CD127, & IL-7 {5 5@ EEZM, 5 T 40MFE . FaaSgERe KK s ) MR8 % 1)
AHIR[17][18]. [H, KLRBITIL7R ST 4] eAAR — A R HGUT IR . FEEAFIE RE JI I 90E OV,
A1) poT QUM A 76 S MRS PR RE L 5 N, % WAl feidid IL-7/IL7R M5 1 JAK/STATS 15
SYERFAI ARSI D REARAS, FFiEIT CD161 AHIC SERE R B 9 FO 0T LA P R SO SR I R . 255 GZMK
AR 9. P R WOE B Bl ot i B4 A0 S PE A [13]-[16], ARBF e . & RS T
KLRBIIL7R*OT ZHAIAHR & 4, Z WAL AECEIE GZMK Rk BB IIN R, GZMK #E— B2tk i B 40 i
WoE SIER R AR L BERR D RESZ L, W REM X NF-xB. MAPK M JAK/STAT %5 #EA(S
S, TS5 A S M A AL R 5 R . 2R AT 75 R ST RE S B0 36 AIE

K ANAFAE— B SRR B0, ABFFCNBEBIT T, R A8RBE KLRBITIL7R ST 4. 1fLiE GZMK
i RS 2 A R 155 HE, ARAEIEY] KLRBIIL7R YT 4T SEm s, AN REIF B B3R
I GZMK AR T g 105 . Hk, AW 60 Bl kil v, HEARMH AR, Fiitiidbe
A, MRRBEAL, R TR AMRZE g, AT RFEAM Z G BB R IR . 255 =,
AT R R T AR METI WROHR sk L A s R R AR SR AR FEACTURE, ABATY AT BRAEAE R R A AR AR 2k R
F, WIREERZY). VTR, BEIRAUPIRES . RETREL B IhRe. ROEBURIWIRAS . iR KA A Il R %
HIACTAE, X UBPR R AT RERS I AN A S 4 A AN GZMK KF, TS 45 ARt . 550U, ARk
R AR M e tabn, AREE AR MAE R, WSS TR AZRE. B, Harm=i oy
fli 7 KLRB1'IL7R"ST A b5 i GZMK /K-F, AR EHEE XA A A E GZMK =Rk, &
ST N — P E I R ik AR AR, 7E CD3*TCRys' KLRB1IL7R 4 Y A GZMK
FILAKF, LSRR, AR AR IE . GZMK BRIk . shyrsml K s gn il 25077, 3
ilE KLRBI'IL7R T 4Hf-GZMK i /2 7538 id NF-xB. MAPK. JAK/STAT %5 5Bk 2 5w Mk 15 4
i A5

5. &g

e I A A1 A 1. KLRB1TTIL7R ps T A L v, 55 1178 GZMK /K1 255 IEAHOC . IX LR IR
7x KLRBIIL7R "o T 4 ARG HE 1T 65 i i A 55 ) GZMK A S i G 0%, (HIE T AR O/ EAR .
Wit IR R A TR s, AT AN e HEWT R S OC REUABNLRIER . [ AN 25 G RFEAR. 238
TR 4Hf Sk 4HM PN GZMEK A Ao A AN A A, gk I 2 A IV A v L
B T B AR BRI R E
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