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% ZE:. Be R NIME (NSCLC) w4 #UR T E Ak gp96 (HSP gp96) LA K FfE tlIA SR fdr R IA K- 1E
FHERIT R SR T BURIE RIS R A3k JREL 2021 4E 12 H—2024 4 12 AR & HiBET0 E B U i 80 %l NSCLC
TN G, IR REIET 4 MEBBEMITR, BEFSNOTEURMA (n=48) FIABURM (n=32), 47 ZEIFHA 5
WA REFIE S HSP gp96 FHMEARI E 2 LLC R COX [EIA 44T HSP gp96 FHIEE4MME E /3 bb S 4b)7 BUBIE I E R RE
#4515 (DID) 8547 NERMIRA AT (GLMER) #A, ¥l HSP gp96 FH 41 F 43 b 54k 7 UKV S B BBk, SR
Stata B “meddway” BT AT LPEEIAH HSP gp96 S4B erEmx R, 2R E TIEFHE (ROC) HiZk
53T HSP gp96 FHIEEZHME E 7 bl e RS S A TR AL T BURPE 2 Wi ik pe . 45 5R Bl . K4, TNMIV #.
JigRT K /N =5 cm B 3E 1) HSP gp96 FHMEANIR S 2 L T . W EHS . TNM LA, Mg R/h<5cm B, #RAH
SR N (P<0.05). JRIEIRA, B, TNM 580, Mg /N 2xt HSP gp96 FHMEANAE 2 b=k IEmsgma (B>
0, P<<0.05). fLyr@uRA e S Sk, MEEHEBAL S, TNM IV #1835 SH. M8 R/h=5cm &3 . HSPgp96
FEE AR 5 2 AR T A EUR A, 2R BEA SR X (P<0.05). NK. CD3*. CDA LT HUR4L/K T T A HUsdl, CcD8* K
PR TABURA, ZREASH%E Y (P<0.05). Logistic [MF5HT45 R BN, FREIEAL, MELEFHERE. TNM 2531, g
K/, HSP gp96 FHPEZHAE FT 70t CD8* 4 4y s ALy U A M7 fE [ R 2 (OR>1, P<<0.05), NK. CD3*. CD4*NHE# 1L
ITHURIA N (OR<1, P<<0.05). B HSP gp96 FHVEANMIE 7 th i) b, Ay BU &M%, HSP gp96 FHEAIM &E 7
b 54k 7 BUBHE DS (P<<0.05), FREIARLRMEIR N IR, HSP gp96 FH:4TA i 4 LA N 1%, Ak UK KU 8 45
A (ER) {H°A-0.078[95% BE(FX[H (CI): —0.150~-0.023]. HSP gp96 PHI: MM H 73 Lk5 NK. CD3*. CD4*{Z1E Ak
K Z (B<0, P<<0.05), 5 CD8*E(E IEM KK F (B>0, P<<0.05). NK. CD3*. CD4*. CD8* B &M /25, p (95%CI)
J3rH4: 0.221 (0.078~0.364). 0.309 (0.145~0.473). 0.278 (0.121~0.435). 1.221 (0.905~1.537), 3 HINT 7T 14.41%.
17.65%. 16.56%-. 33.29% HSP gp96 FH 44t A 7 53 LXK ST BUs Itk 1) Gk . HSP gp96 FHPE4HA 40 Lt NK. CD3*. CD4*.
CD8*BEA AT BURHIIZ W ALRE R T & 48 br R b Tl , REUE N 79.40 %, Fim ¥y 82.30%, ML Fifl (AUC) 4 0.88.
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Abstract: Objective To investigate the expression characteristics of heat shock protein peptide gp96 (HSP gp96) and immune
microenvironment indicators in cancer tissues of patients with non-small cell lung cancer (NSCLC), as well as their relationship with
the sensitivity to platinum-based drug chemotherapy. Methods A total of 80 NSCLC patients admitted to Yantai Yuhuangding
Hospital from December 2021 to December 2024 were selected as the research subjects. According to the therapeutic effect after four
cycles of treatment, the patients were divided into the chemotherapy-sensitive group (n = 48) and the insensitive group (n = 32). The
hierarchical regression model was used to analyze the relationship between different clinical features and the percentage of HSP gp96
positive cells. COX regression analysis was used to analyze the relationship between the percentage of HSP gp96 positive cells and
chemotherapy sensitivity; The difference-in-differences (DID) method combined with the generalized linear mixed-effects regression
(GLMER) model was used to evaluate the association between the percentage of HSP gp96 positive cells and chemotherapy-sensitive
responses, and mediating analysis was performed using the “med4way” package in Stata software. Linear regression analysis of the
relationship between HSP gp96 and the immune microenvironment; ROC curve was used to analyze the diagnostic efficacy of the
percentage of HSP gp96 positive cells, the immune microenvironment and the combined prediction for chemotherapy sensitivity.
Results The percentage of HSP gp96 positive cells in patients with squamous cell carcinoma, lymph node metastasis, TNM stage IV,
and tumor > 5 cm was higher than that in patients with adenocarcinoma, no lymph node metastasis, TNM stage 111, and tumor < 5 cm,
and the difference was statistically significant (P < 0.05). Pathological type, lymph node metastasis, TNM stage and tumor size all have
a positive impact on the percentage of HSP gp96 positive cells (5> 0, P < 0.05). The proportions of squamous cell carcinoma patients,
the proportion of lymph node metastases, the proportion of TNM stage IV patients, the proportion of patients with tumors > 5 cm, and
the percentage of HSP gp96 positive cells in the chemotherapy-sensitive group were lower than those in the insensitive group, and the
differences were statistically significant (P <0.05). The levels of NK, CD3" and CD4" in the chemotherapy-sensitive group were higher
than those in the insensitive group, while the level of CD8" was lower than that in the insensitive group. The differences were
statistically significant (P < 0.05). The results of Logistic regression analysis showed that pathological type, lymph node metastasis,
TNM stage, tumor size, percentage of HSP gp96 positive cells, and CD8" were all independent risk factors for chemotherapy sensitivity
in patients (OR > 1, P < 0.05), while NK, CD3*, and CD4* were protective factors for chemotherapy sensitivity in patients (OR < 1, P <
0.05). With the increase of the percentage of HSP gp96 positive cells, the chemosensitivity decreased. The percentage of HSP gp96
positive cells is negatively correlated with chemotherapy sensitivity (P < 0.05), and there is a nonlinear reaction relationship. For every
1% increase in the percentage of HSP gp96 positive cells, The ER value for chemotherapy-sensitive risk was —0.078 (95%CI: —0.150—
—0.023). The percentage of HSP gp96 positive cells was negatively correlated with NK, CD3%, and CD4" (8 < 0, P < 0.05), and
positively correlated with CD8* (8 > 0, P < 0.05). NK, CD3*, CD4", and CD8" have significant mediating effects, with £ (95% CI)
being: 0.221 (0.078—0.364), 0.309 (0.145—0.473), 0.278 (0.121—0.435), 1.221 (0.905—1.537) It respectively mediated the
associations of 14.41%, 17.65%, 16.56%, and 33.29% of the percentages of HSP gp96 positive cells with chemotherapy sensitivity.
The combined diagnostic efficacy of the percentage of HSP gp96 positive cells, NK, CD3*, CD4*, and CD8" for chemotherapy
sensitivity is greater than that predicted by each index alone. The sensitivity was 79.40%, the specificity was 82.30%, and the AUC
was 0.88. Conclusion There is a correlation between the percentage of HSP gp96 positive cells and immune microenvironment
indicators. Meanwhile, the percentage of HSP gp96 and the immune microenvironment have an interaction effect on chemotherapy
sensitivity, providing a theoretical basis for the development of new NSCLC treatment strategies.
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2l HSP gp96 MIRIAIKF, i H 5 G if s
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SE SR ALHT R A o

1 &RNEFEE

11 MRIIR

PREL 2021 4E 12 H—2024 4F 12 A& BT
PE R USIE 1Y) 80 51 NSCLC 3 AME et 4, R4
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0.05), W% 2.
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F 3 A5, AT BUR A B B S L. e
EER NBLE . TNM IV S EH. 8 =5 cm
B L HSP gp96 FHPELN A H 2 LL IR T AUk
H, ZRBAFS PR (P<0.05).
24 WITHRAS T HURA R ERMIMEIRIRELER

HHER 4 a5, Ay HUSR4 NK. CD3*. CD4"/K
PR TABURA, COSTKTART ARG, WA
)2 F BA g E X (P<0.05),
2.5 HSP gp96 PHMEZHREE 7 b S0 TT 8RR M4 /Y
COX [E)3A5#h

AT A SR IR (B8 3), HSP gp96 BHEA
LB 23 B S AT B AFAE O A S [HR=1.718,

#1 TEIGEKRSHET HSP gp96 PR LA E 7 EE

Table 1 Percentage of HSP gp96-positive cells under different clinical characteristics

iH n H 1 20 B LA % 2 P

P51 F 46 51.43+4.11 1.766 0.081
T 34 53.05+3.98

S <60 % 31 51.87+4.06 1.490 0.140
>60 % 49 53.29+4.21

BMI <24 kg'm™ 53 51.91+£3.99 1.010 0316
>24 kg-m > 27 52.88+4.20

T I 2 25 53.00+4.26 1.713 0.091
& 55 51.35+3.87

B PRI 2 21 52.95+4.18 1513 0.134
4 59 51.36+4.12

SR fiJers 52 58.46+4.17 11.666 <0.001
Pt 28 47.86+3.25

L 2 47 56.62+4.29 7.552 <0.001
4 33 49.64+3.73

TNM 43 H# 1T 34 30 48.33+3.64 10.539 <0.001
vV 50 58.10+4.22

i K /N <5cm 36 50.78 +3.96 3.648 <0.001
=5cm 44 54.09+4.10
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*2 T RIEKREHE HSP gp96 PRI BRI E 2L REIVAZHT [HR (95% CI)
Table 2 Hierarchical regression analysis of HSP gp96-positive cell percentage across different clinical features [HR (95% CI)]

.- 5H 4!5%{&1%/%% ‘ , » P
B PRt iR

7E 1 g 3.281 0.725 20.478 <0.001 —
95 B A 0.561 0.246 5.196 0.008 0.559

nE2 g 3.001 0.698 18.489 <0.001 —
S ST 0.634 0.242 6.862 <0.001 0.627
B 0.529 0.207 6.542 0.001 0.534

33 AL 2.873 0.776 13.709 <0.001 —
g 2R Y 0.477 0.196 5.935 0.003 0.465
W 0.574 0.221 6.741 <0.001 0.580
TNM 431 0.524 0.201 6.800 <0.001 0.522

Nz 4 AL 4.078 0.962 17.973 <0.001 —
g 2R Y 0.403 0.179 5.064 0.008 0.395
W 0.464 0.173 7.205 <0.001 0.458
TNM 43 #1 0.515 0.215 5.743 0.005 0.504
[liREPNAN 0.503 0.234 4.613 0.012 0.499

®3 WITHRESTHRAIRK SRR

Table 3 Comparison of clinical data between chemotherapy-sensitive and chemotherapy-insensitive groups

i H ITRURAL (n=48) TEURA (n=32) Pl P

SRR (1 EL /%) <60 ¥ 21 (43.75) 10 (31.25)
>60 % 27 (56.25) 22 (68.75)

P (5 /%) 5 28 (58.33) 18 (56.25)
LS 20 (41.67) 14 (43.75)

BMI/( & EE/%) <24 kg'm? 33 (68.75) 20 (62.50) 0.335 0.562
>24 kg'm™2 15 (31.25) 12 (37.50)

e LR85 B /%) H 12 (25.00) 13 (40.63) 2.182 0.140
y 36 (75.00) 19 (59.37)

W8 R/ (5 B/ %) H 10 (20.83) 11 (34.38) 1.819 0.177
y 38 (79.17) 21 (65.62)

RS (5 b/ %) 9o 26 (54.17) 26 (81.25) 6.190 0.013
i 22 (45.83) 6 (18.75)

RS R /M5 (5 L/ %) & 20 (41.67) 27 (84.37) 14451  <0.001
4 28 (58.33) 5 (15.63)

TNM 73 B/ &5 EE/%) 111 # 23 (47.92) 7 (21.88) 5.556 0.018
vV i 25 (52.08) 25 (78.12)

Jig8E R /I (5 B/ %) <5cm 28 (58.33) 8 (25.00) 8.620 0.003
=5cm 20 (41.67) 24 (75.00)

HSP gp96 BHPEAH A E 53 LL 48.26+3.54 58.13+4.29 11217  <0.001

95% B A5 X 8] (CD: 1.146~2.131] . 5 HSP gp96 FH
PR A o LR LA 2 (Qu 4D Lh#, B
HSP gp96 BHHAI H 73 L 3T (Qe~Qs),

HSP gp96 BHYELN AL 7 43 b -5 407 BB 4R & A7 AE
Por AR, BAMERAAES IR X (P<
0.05), W 5.
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x4 WITHRASTHBAREMIFRLI

Table 4 Comparison of immune microenvironment between chemotherapy-sensitive and chemotherapy-insensitive groups

i H ITHURA (n=48) AR (n=32) t P
NK/% 9.55+1.49 7.8241.10 5.621 <0.001
CD3*/% 12.43+2.18 8.08+1.99 9.048 <0.001
CD4"/% 521+1.23 3.17£0.85 8.164 <0.001
CD8"/% 3.454+0.61 5.02+1.14 7.993 <0.001

R 5 HSPgp96 PAMLME 2L SUTHURMER COX RV
Table 5 COX regression analysis of HSP gp96-positive cell percentage and chemotherapy sensitivity

e

AR IERRY

A 1

I 2

A 3

HSP gp96 FHPE4SH I 45 L

ThL Qi(<15.26)

Q2[15.26~16.76)
Q3[16.76~18.26)
Q4[18.26~19.76)

Qs(=19.76)

P s

1.690 (1.208~2.195)
1
1.611 (1.044~2.590)
1.625 (1.203~2.125)
1.630 (1.049~2.273)
1.671 (1.314~2.504)
0.006

1.708 (1.156~~2.004)
1
1.605 (1.130~2.124)
1.633 (1.262~2.073)
1.669 (1.125~2.818)
1.704 (1.208~2.596)
0.003

1.716 (1.023~2.142)
1
1.611 (1.008~2.255)
1.648 (1.359~2.536)
1.685 (1.036~2.690)
1.712 (1.109~2.707)
0.001

1.718 (1.146~2.131)
1
1.608 (1.192~2.126)
1.701 (1.106~2.348)
1.713 (1.245~2.930)
1.726 (1.281~2.789)
0.001

PR 1R IERERAL IR AR EERS; AR 2-/EAAY 1 (LA DACIE TNM 233, IRioRvh; %Y 3-7eAs 2 (a1 % NK. CD3*. CD4*. CD8*.

Model 1-adjusted for pathological type and lymph node metastasis; model 2-adjusted for TNM stage and tumor size based on model 1; model 3-adjusted

for NK, CD3", CD4", and CD8" cells based on model 2.

2.6 HSP gp96 PAMELARE 73 b ST EUR Y <X

& 1 A%, FE3E HSP gp96 FHIEZHM 7 b
BTt AI7 BUBHE R MK, HSP gp96 FHIEIA 4
b5 AT U A S (P<0.05), fETEIEZRME
RIBLKF

R MR T ER (&3 95% CIL
S50 BIR, HSP gp96 FHPEAN A 2 LLREIE I 1%,
b 7 B8R I XUBS: 1 ER B N —0.078 (95% CI:
-0.150~-0.023). WK 2.
2.7 HSP gp96 PRMLHBEE 57t 5 BRI EREF
FESER

Z PR T R EOR, TEARR B
f, HSP gp96 PRI H 73 tb 5 NK. CD3*, CD4*
TEEMAR KR (P<0, P<0.05), 5 CDSFFFEIE
HXFZR (P>0, P<<0.05). AEBHMELF LG,
HSP gp96 5 NK. CD3*. CD4{I{F1E AR R,
5 CDS™/IAFIEIEAH K R WK 6.
2.8 HIEMIMNES HSP gp96 FAM MR E 4 EL Xtk
TR AR N ER

% 7 W4, NK. CD3*. CD4*. CD8" A A&
ZHIFARLRE, B (95% CD Z3054: 0.221 (0.078~
0.364).0.309(0.145~0.473).0.278(0.121~0.435).
1.221 (0.905~1.537), AHINTT 14.41%.

- 20k P opaep=20.001 112
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n 15f 19

= e
2 10 6 x
i .
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- U
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1 HSP gp96 PRMEZREE R 57 tb ST HUR MR R R #hzk
Fig. 1 Response curve of HSP gp96-positive cell

percentage and chemotherapy sensitivity

17.65%- 16.56%-+ 33.29% HSP gp96 A4 4 i 71 4>
B XA ST OB (1) ST

29 GIENINES HSPgp96 SHATTEURMERIRIRE S Hr

ROC HhZk/r#r HSP gp96 FHMELM A 7 7 L

NK. CD3*. CD4*. CD8" LS IA T4k 7 Uk
MRS W Rk RE, 45 R EoR, HSP gp96 BHIEZNAEH 4
Et. NK. CD3*. CD4*. CD8'BEALWiRBE N T %
FEbR IR TIM , REE A 79.40%, F5-57 N 82.30%
HERREE N 80.85%, HIZ FIHIA (AUC) 4 0.88. U
8. K3,
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il ER (95% CI) P1E
F<EiN ———&— |-0.078 (-0.150~-0.023)
JER I i it —0— —0.083 (-0.183~-0.041)  <0.001
fie ——=—  |-0.069 (-0.102~-0.036)
MELEER 2 —o— |-0.078 (-0.117~-0.028)  <0.001
%5 +——a— |—0.040 (—0.086~-0.019)
TNM 70 i 78—+ |-0.047 (-0.121~-0.033)  <0.001
Vi —a— —0.112 (-0.130~-0.071)
L NN <5cm ——= |-0.043 (-0.085~-0.032) 0.054
=5cm —a—  |-0.052 (-0.112~-0.037)
T T T T T
-0.20 -0.16 —0.12-0.08-0.04 0
2 HSP gp96 FHMZBAE 53 b S LT 8RR A RBX
Fig. 2 Association between HSP gp96-positive cell percentage and chemotherapy sensitivity
& 6 HSPgp96 FRMME S 5 RERIMEEFHXFR
Table 6 Relationship between HSP gp96-positive cell percentage and immune microenvironment factors
GiH B A 2 R 3
R
B (95% CI) P L (95% CI) P L (95% CI) P
NK  —1.235(-1.965~1.024) 0.024 -1.301 (—1.982~-1.003) 0.019 -1.269 (-1.996~-1.110) 0.022
CD3" -1.369 (-2.112~-1.135) 0.017 -1.412 (-2.107~-1.166) 0.013 —1.387 (-2.049~-1.211) 0.015
CD4" —1.447 (-2.238~-1.169) 0.011 —1.468 (-2.319~-1.205) 0.008 —1.455(-2.218~-1.187) 0.010
CD8"  1.698 (1.245~2.413) <<0.001 1.711 (1.298~2.674) <<0.001 1.706 (1.227~2.519) <0.001

FRY 1-RARIERAY A 2- IR RO EE KT . WA AR 7 3-7E 07 2 IR b8 TNM 701, TR
Model 1-unadjusted model; Model 2-adjusted for pathological type and lymph node metastasis; Model 3-adjusted for TNM stage and tumor size based on

model 2.
7 REMIFES HSP gp96 FRMELHAEE 43 L 3T LT U R N ER
Table 7 Mediating effect of immune microenvironment and HSP gp96-positive cell percentage on chemotherapy sensitivity
LAY NK P CD3* P CD4* P CDS8* P

ZKZE HSP gp96 FHIEZN  1866(1543~2448)  00111866(1543~2448) 0011 1.866(1543~2448) 0011 1866(1543~2448) 0011
54 RES A
ST R 0673(0286~0812)  0.0010.728(0.302~0865) <<0.001 0.711(0419~0.904) <0.001 1803(1370~2055) <0.001
J&  HSP gp96 FATE4HAY 1.245(1032~1498) 0.0211.362(1115~1667) 0002 1.321(1.085~1.608) 0,005 3387 (2551~4489) <<0.001
HR Ao HEE
(95% HSP gp96 FHIEAH 0221 (0078~0364) 00030309 (0.145~0473) <0001 0278(0.121~0435)  0.001 1.221(0905~1537) <<0.001
Ch’  BEHHPAEER

B (95% CI)*

AR BB 0578(0315~0841)  00010545(0291~0799) 0001 0562(0.304~0.820)  0.001 0489(0234~0744)  0.001
A R A 0212(0070~0354) 00040292 (0.129~0455) <0.001 0.265(0.107~0423)  0.001 1191 (0876~1506) <<0.001
DI A2 H AT A 35 R 0190 (0048~0332) 00090257 (009%5~0419) 0002 0.240(0081~03%9)  0.003 0948(0661~1.235) <<0.001
IR R
B HA RN 0333(0.155~0521) <{0.0010.390(0.199~0581) <0001 0367 (0.178~0556) <0.001 0272(0087~0457)  0.004
(95% AL 7 H/% 14.41 17.65 16.56 33.29
Ch)" ZZHAERRI & /% 10.97 14.98 13.78 58.36
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Table 8 Efficacy analysis of immune microenvironment and HSP gp96 on chemotherapy sensitivity
i H I S RIBE/ % FER /% TR /% AUC (95% CI) PiE
HSP gp96 34.27 78.35 78.29 78.32 0.82 (0.75~0.91) <<0.001
NK 8.35 73.21 75.56 74.39 0.77 (0.69~0.83) <0.001
CD3* 9.74 74.49 76.98 75.74 0.79 (0.70~0.88) <0.001
CD4* 3.92 79.20 76.10 77.65 0.81 (0.76~0.92) <0.001
CD8* 4.08 78.52 78.25 78.39 0.82 (0.78~0.93) <<0.001
& — 79.40 82.30 80.85 0.88 (0.84~0.95) <0.001

KRG TN N Z RS, TR mfERE.

Combined prediction refers to multivariate combination, with no single optimal cutoff value.
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Fig.3 ROC curve of immune microenvironment

indicators and HSP gp96 on chemotherapy sensitivity
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