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[Abstract] Objective To investigate the causal relationship between neutrophil extracellular traps (NETs) and
head and neck squamous cell carcinoma (HNSCC) using Mendelian randomization (MR) methods, and to explore the
clinical significance of NETs in the occurrence and development of HNSCC. Methods Data related to NET biomarker
myeloperoxidase-DNA complex (MPO-DNA) complex and HNSCC were obtained from the pooled statistical data of the
Genome-Wide Association Study database (GWAS). This study was reviewed and approved by the Medical Ethics Com-
mittee, and informed consent was obtained from patients. Patients with HNSCC admitted to Department of Oral Maxillo-
facial, the First Affiliated Hospital of Harbin Medical University were included as the research group, and volunteers
matched for age and gender were randomly selected from the Clinical Examination Center as the control group. The lev-
els of MPO-DNA and citrullinated histone H3 (CitH3), two markers of NETs, as well as the levels of soluble adhesion
factor CD44 variant 6 (CD44v6) and leukocyte differentiation antigen CD109, markers of lymph node metastasis, were
measured in all subjects. Blood coagulation indicators, including plasma prothrombin time (PT), activated partial throm-
boplastin time (APTT), thrombin time (TT), D-dimer (DD), and fibrinogen levels (FIB), were recorded to analyze the rela-
tionship and potential mechanisms between NETs and HNSCC. Results MR results indicated a possible causal rela-
tionship between NETs and HNSCC. The inverse variance weighted P values for the four datasets were P, = 0.037, P, =
0.017, P, = 0.004, and P, = 0.023. Ultimately, 52 patients with head and neck squamous cell carcinoma and 20 healthy
individuals were included. Compared with the control group, the expression levels of NETs markers MPO-DNA, CitH3,
lymph node metastasis markers CD44v6 and CD109, and coagulation indicators FIB and DD were significantly elevated
in the group with head and neck squamous cell carcinoma, with statistically significant differences (all P<0.001). In cor-
relation studies between NETs markers and lymph node metastasis markers, as well as coagulation indicators, the Pear-
son correlation coefficient was 0.686, 0.531, 0.7, and 0.5 for MPO-DNA and DD, FIB, CD44v6, and CD109, respec-
tively, and the Pearson correlation coefficient was 0.456, 0.503, 0.525, and 0.603 for CitH3 and DD, FIB, CD44v6, and
CD109, respectively (P<0.05). In terms of diagnostic efficacy, the area under the curve (AUC) for MPO-DNA, CitH3,
and MPO-DNA + CitH3 in patients with head and neck squamous cell carcinoma was 0.863, 0.892, and 0.905, respec-
tively, with an increasing AUC of the receiver operating characteristic curve (ROC) in the order mentioned. Levels of
MPO-DNA and CitH3 in patients with early-stage head and neck squamous cell carcinoma were (132.4 + 16.4) ng/mL
and (21.3 £ 2.9) ng/mL, respectively, which were lower than those in patients with advanced head and neck squamous
cell carcinoma, who had MPO-DNA and CitH3 levels of (199.3 + 33.1) ng/mL and (26.6 + 3.7) ng/mL, respectively. The
serum concentrations of FIB, DD, CD44v6, and CD109 in patients with high MPO-DNA expression were significantly
higher than those in patients with low MPO-DNA expression (all P<0.05). The serum concentrations of FIB, CD44v6,
and CD109 in patients with high CitH3 expression were significantly higher than those in patients with low CitH3 ex-
pression (all P<0.05). Conclusion The study indicates a potential causal relationship between NETs and HNSCC.
NETs-related markers may serve as potential biomarkers for HNSCC, as they correlate with the hypercoagulable state of
the cancer. NETs-related markers have potential diagnostic utility for HNSCC and are associated with tumor progres-
sion.

[Key words] neutrophil extracellular traps; head and neck squamous cell carcinoma; Mendelian randomization;
Genome-Wide Association Study; myeloperoxidase-DNA complex; citrullinated histone H3;  coagulation function;
soluble adhesion factor CD44 variant 6; leukocyte differentiation antigen CD109
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In Mendelian randomization analysis, using single nucleotide polymorphisms as instrumental variable(IV) to assess the causal relationship between

exposure (NETs) and outcome (head and neck cancer) requires the satisfaction of three basic assumptions

Figure 1 Mendelian randomization experimental design
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Exposure Outcome NSNP Method P OR(95%CI)
Myeloperoxidase-DNA complexes Il id:ebi-a-GCST90010241 Head and neck cancer Il id:ieu-b-4912 6 MR Egger 0.604 =#=1.000(0.999t01.001
6 Weighted median 0.162 4 1.000(1.000t01.001
6 Inverse variance weighted 0.037 < 1.000(1.000t01.001
6 Simple mode 0.125 +~+1.001(1.000t0 1.002
6 Weighted mode 0.406 =~ 1.000(1.000t01.001
Myeloperoxidase-DNA complexes Il id:ebi-a-GCST90013658 Head and neck cancer |l id:ieu-b-4912 8 MR Egger 0.195 —— 0.999(0.997t01.001

8 Inverse variance weighted 0.017 == 0.999(0.998t01.000
Simple mode 0.155—=—— 0.998(0.995t01.000

Myeloperoxidase-DNA complexes Il id:ebi-a-GCST90013658  Oral and oropharyngeal cancer Il id:

ieu-bh-4962

8

8 Weighted mode 0.145 ————=  0.998(0.996t01.000
7 MR Egger 0215 = 0.998(0.996101.001
7 Weighted median 0.020 —*— 0.998(0.997t01.000
7 Inverse variance weighted 0.004  —*—=! 0.999(0.9981t01.000
7 Simple mode 0.091 —=—  0.998(0.996t01.000
7 Weighted mode 0.108 ———  0.998(0.996101.000

)
)
)
)
)
8 Welghted median 0.043 —e— 0.999(0_997101,00();
)
)
)
)
)
)
)

Myeloperoxidase-DNA complexes Il id:ebi-a-GCST90013658 Oropharyngeal cancer Il id:ieu-h-4968 5 MR Egger 0.441—*——0.998(0.995t01.002)
5 Weighted median 0.245 —*= (0.999(0.998t01.001)
5 Inverse variance weighted 0.023 —— (.999(0.9981t01.000)
5 Simple mode 0.603  —2—0.999(0.998t01.001)
5 Weighted mode 0.566 —+—0.999(0.998101.001)
T

1

NSNP: number of single nucleotide polymorphisms; OR: odds ratio ; CI: confidence interval; the illustration demonstrates that a causal relationship

exists between the extracellular trap formation of neutrophils and head and neck cancer, as determined by the inverse variance weighted (IVW)

method (a ratio >1 indicates a positive correlation, while <1 indicates a negative correlation)

Figure 2 Causality diagram of neutrophil extracellular traps and head and neck cancer

2 rp 2 O B A 0 - Sk SR B4 DR R G R T

R G ERBEHLA T - SRR 50 2RV ERR 35 S MR-PRESSO
Table 1 Mendelian randomization analysis: heterogeneity test, pleiotropy test, and MR-PRESSO
Exposure Outcome Heterogeneity Pleiotropy MI - PRESSO
Global P

MPO-DNA Head and neck cancer 0.820 0.713 0.741
id: ebi-a-GCST90013658 id: ieu-bh-4912

MPO-DNA Oropharyngeal cancer 0.251 0.860 0.338
id: ebi-a-GCST90013658 id: ieu-b-4968

MPO-DNA Oral and oropharyngeal cancer 0.660 0.972 0.734
id: ebi-a-GCST90013658 id: ieu-b-4962

MPO-DNA Head and neck cancer 0.944 0.723 0.948

id: ebi-a-GCST90010241 id: ieu-b-4912

The MR-PRESSO test indicates significant horizontal multicollinearity in the set of instrumental variables (IV) included when Global P < 0.05; when

Global P > 0.05, it indicates no horizontal multicollinearity of abnormal IV is detected. MPO-DNA: myeloperoxidase-DNA complex
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4 0.686.0.531.0.7.0.5, CitH3 5 DD . FIB . CD44v6 .
CD109 [ Pearson A & & 43 7l iy 0.456 . 0.503
0.525.0.603(P<0.05) (& 3).
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mL . (17.842.6 )ng/mL, 4L FL i B A B EE R (P <
0.001) .

HE— 243 Bt NETs b &5 9 %} HNSCC 1912 Wi 5
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Y ROC 1) AUC 43 1)}y 0.863,0.892.,0.905, =& 1
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Table 2 Clinical characteristics and laboratory test results of the two groups of subjects xks
et Control group HNSCC group oy .
(n=20) (n=52)

Gender (male) 11(55) 31(59.62) 0.1266 0.793
Agelyears 62.3+7.1 65.0+8.0 1.313 0.194
BM1/(kg/m?) 24.3+3.7 23.2+2.5 1.212 0.236
Hypertension[ n(%) | 7(35) 18(34.62) 0.0009 >0.999
Diabetes [ n(%) | 3(15) 12(23.08) 0.5713 0.534
Smoking[ n(%) | 4(20) 21(40.38) 2.648 0.166
Drinking wine [ n(%) ] 4(20) 13(25) 0.2002 0.764
PT/s 11.8+0.7 11.8+1.3 0.2917 0.772
APTT/s 27.2+2.0 27.4+2.7 0.2818 0.779
DD/(mg/L) 0.19+0.05 0.32+0.13 6.066 <0.001
FIB/(g/L) 2.5+0.6 3.2+0.9 3.542 <0.001
TT/s 17.9+0.8 17.5£0.8 1.868 0.066

HNSCC: head and neck squamous cell carcinoma; BMI: body mass index; PT: Plasma sample prothrombin time; APTT: activated partial thromboplastin

time; TT: thrombin time; DD: D-dimer; FIB: fibrinogen

1.0
TT
APTT 0.5
PT 0

FIB
DD
CD44v6
CD109
MPO-DNA

CitH3

MPO-DNA CitH3

The closer it is to yellow, the greater the correlation; the closer it
is to purple, the smaller the correlation. TT: thrombin time;
APTT: activated partial thromboplastin time; PT: Plasma sample
prothrombin time; FIB: fibrinogen; DD: D-dimer; CD44v6 and
CD109 are lymph node metastasis marker characteristics. MPO-
DNA: myeloperoxidase-DNA complex; CitH3: citrullinated his-
tone H3

Figure 3  Pearson correlation matrix analysis of neutro-
phil extracellular traps related biomarkers with coagula-

tion function and lymph node metastasis markers
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Table 3 Diagnostic efficacy of myeloperoxidase-DNA complex, citrullinated histone H3, and myeloperoxidase-DNA complex+citrulli-

nated histone H3 in head and neck squamous cell carcinoma

Testing indicators

AUC(95% CI)

Sensitivity  Specificity Youden index Cut-off

Control group- HNSCC group (20-52) MPO-DNA
CitH3

MPO-DNA+CitH3

0.863 (0.763-0.964) 0.846 0.8 0.646 121.77
0.892 (0.805-0.979) 0.885 0.8 0.685 19.14
0.905 (0.823-0.986) 1.000 0.7 0.7

HNSCC: head and neck squamous cell carcinoma; MPO-DNA: myeloperoxidase-DNA complex; CitH3: citrullinated histone H3

1.0

0.8
—MPO-DNA

—CitH3
MPO-DNA+CitH3

—Reference line

0.6

Sensitivity

0.4

0.2

0.0“
00 02 04 06 08 1.0
1-Specificity
HNSCC: head and neck squamous cell carcinoma; MPO-DNA:
myeloperoxidase-DNA complex; CitH3: citrullinated histone H3
Figure 4 Receiver operating characteristic curve of
myeloperoxidase-DNA complex, citrullinated histone H3,

and myeloperoxidase-DNA complex+citrullinated histone
H3 in head and neck squamous cell carcinoma
4 BRSSPI DNAZ &Y RERILHE N
H3 B3 S ALY G- DNA &6 9+ WA R b 41 5 F1 H3
T S S R 240 M i o 32 X T AR 2k

2, LRSS R NETs (KU R 2 . 45 5 S B
mPERTRE S Z R A L. B8 MR 4 Hr 4 1
s SNPs U BERE FEA T TR R R, Vs 1Y
F8iita K230k OGR4 R AR T T A
AR IH S A7 A BH M A 25 51 . LR FE AR B 5/,
Sk B O KT Y GWAS BIUE P AR AR
L5 H At WL RE A LB D A BT B B 2 BE AL 1 22
Fom o 0L MRS S AT RE S NETs 78 3% M g o % XL
FAEHHLGIA G, —J5 1, NETs o] LL3# i B i
PERLBAE B MPO-DNA %5 1,3 B 45 2% 58 i g
YA 5 [RIEE, NETs 68 4/ K08 5 g 4 e BH. 11 I Ak
RV 5 — 7 T, AR AE R e A i eT L
S o T A0 TR A P R S A NETs , R ik
() DNA F1£H 25 (1 7 34005 TLR4 {5 53 % , 42 F fib e

20 H A R 28 . AR AT IR & B MR 45 R 15
B OR{E 3230 1, (B R AF5E 75 NETs 5 HNSCC 2
) FEAE ik 35 DGR . X2 R Z2 800 NETs A8 ¢ (1935t 1%
AR S 0] BB R 59 RLN A7 R, X B MR A3 BT 4 R Y
SNPs K A 4 B (1 358 1% KU PEAS X NETs 1 8 45 1
FHAT B, 38 o 38 4% 50 NETs 15 3k 200 KUK 4 56 185
99, YA IR T 4 NETs 32 22 52 05 L &% b8 R
Be R It R KT sh AR, X 26 P K X NETs
Y 52 e JE PR — 5 AR P R T . ARHE S UK MR
771 0% T NETs 5 HNSCC A9 PSR HE B, 28 i —
O R YR T as A2 )2 BT

AW 5E & I 55 4a R B AR L, HNSCC /&8 & Fh
J&E e ik it v 59 CitH3 Fi MPO-DNA 7K - B & 58 &
ROC fil1 £ 23 #7 .7 , MPO-DNA . CitH3 Jz H 364 K
X HNSCC #) HA RAFri2Wisiie . ROC 4 #rJt
42 CitH3 . MPO-DNA . — 12 i1 if J& CitH3+MPO-
DNA BE & 12 Wi # nl LLBH 8 X o0 fdE R A BE 5
HNSCC [ % , iX & B NETs 3 &9 A HAE N
HNSCC i B2 Wr ) A W br i) . HNSCC 35 4h
# K I, T A9 CitH3 . MPO-DNA /K *F- 5 HNSCC %
F14) Jiek T8 1 AR 4 B0 A7 A — 2 1 S TR 1, R i) 2 A B
I HNSCC A Pk i OGP S B &2 . e A F 5%
KB, CitH3 55 68 JTU 88 (9 115 IR 43 B AH 56 Rayes
S8 0 TR Y iy 98 BB & A1 I H A MPO-DNA 7K, &
M (T~ RS TFRCTIH) ., tf—
T ¢ F B 519 09 BF 9% & B0 AR A A0 8 i K i CitH3
IS5 PR o B TCAH S PE S RE A o8 &5 SR afE —
HAIESE T NETSs £ 22 Bl i I R 43 19 1 O3 .

A 52 #E HNSCC W8 78 T NETs 5 5 Bk 2
PRaEP A M . ARWFSE & I HNSCC i 21 A fi
BEARELHAE S P 5 BMI . =5 IR S M PRI s
JHART SB35 40458 1 D) RE 48 A% (PT L APTT \TT) iy 2%
SIS L. HNSCC H 4 41 DD |\ FIB 7K -
W TR A, B NETs #3595 DD FIB



ORE&FERE 20265F 48 $34%5 F4H
* 346 - Journal of Prevention and Treatment for Stomatological Diseases, Apr. 2026,Vol.34 No.4 https://www.kqjbfz.com

R STR] P L0 A A5 A T b A 3 2k e ) S SRR SR R s AR A B I D) BE R IR 2 4 B B A RS K HE AR

Table 4 Comparison of coagulation function and lymph node metastasis markers in head and neck squamous cell carcinoma patients

with different neutrophil extracellular traps marker expression levels XS
MPO-DNA CitH3

Lower Higher Lower Higher

(n=39) (n=13) ‘ ! (n=39) (n=13) Z !
PT/s 11.6+0.7 12.4+2.4 1.164 0.266 11.7+0.7 12.2+2.4 0.667 0.517
APTT/s 27.1+2.1 28.5+3.9 1.260 0.228 27.3+2.1 27.9+4.1 0.522 0.609
DD/(mg/L) 0.27+0.07 0.46x0.16 4.119 0.001 0.31+0.13 0.36+0.09 1.367 0.178
FIB/(g/L) 2.9+0.9 3.9+0.5 4.859 <0.001 3.0+0.8 3.7+1.1 2.642 0.011
TT/s 17.7+0.9 17.3+0.5 1.717 0.094 17.4+0.9 17.8+0.7 1.323 0.192
CD44v6/(ng/mL) 106.2+24.1 151.4+25.6 5.777 <0.001 111.7+£30.9 134.7+£26.8 2.394 0.020
CD109/(ng/mL) 47.9+8.1 55.8+6.1 3.212 0.002 47.2+7.4 57.8+5.7 4.710 <0.001

The top 25% of patients with HNSCC with the highest expression levels of NET-related biomarkers (MPO-DNA and CitH3) were classified as the higher

group, while the rest are classified as the lower group. MPO-DNA: myeloperoxidase-DNA complex; CitH3: citrullinated histone H3; PT: Plasma sample

prothrombin time; APTT: activated partial thromboplastin time; TT: thrombin time; DD: D-dimer; FIB: fibrinogen; CD44v6 and CD109 are lymph node

metastasis marker characteristics
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