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[ Abstract | Background and purpose: At present, there have been many reports on the study of methylation in cervical lesions,
however it is still not clinically practical as a diagnostic and shunting index of cervical lesions. In this study, we intended to
investigate the early diagnostic value of FAM1944, PAX1 and miRNA124-2 methylation in promoter region in the progression of
cervical lesions. Methods: A total of 129 liquid-based cytology specimens of different grades of cervical lesions diagnosed in the
Third Affiliated Hospital of Zhengzhou University from Mar. 2020 to Mar. 2022. Methylation specific PCR (MSP) was used to detect

HEEWH: MHEAEFRBE AL dE R W E (SBGI202101020) ; WA EARHE KR (Badd) mif
(LHGJ20190392) .

SV 25 M (ORID: 0009-0007-0917-0291) , HWi--@F5¢4:, FEIGIT, E-mail: zdsfyly@163.com,

WAEE . B (ORID: 0000-0003-1578-8358 ) , FALHLIM/EI# 4%, FA4T, E-mail: zhiyanfang1980@126.com.



(P @&ZER L) 2024452534558 1] 735

the methylation changes of FAM1944, PAX1 and miRNA124-2 genes in different cervical lesions. Receiver operating characteristic
(ROC) curve was used to evaluate the diagnostic value of methylation changes of the three genes in cervical lesions. This study
was approved by the Ethics Committee of the Third Affiliated Hospital of Zhengzhou University (No. 2023-135-01). Results: All
the specimens were collected and divided into 4 groups according to the histological results: 42 cases of no intraepithelial lesions
or malignant lesions (NILM), 28 cases of low grade squamous intraepithelial lesion (LSIL), 36 cases of high grade squamous
intraepithelial lesion (HSIL), 23 cases of squamous cervical cancer (SCC). With the increase in the level of cervical lesions,
FAM1944, PAX1 and miRNA124-2 gene methylation detection rates increased gradually, and the differences were statistically
significant (P<<0.05). The methylation detection rates of FAM1944, PAX1 and miRNA124-2 in HSIL group were 81.2%, 80.5% and
71.8%, respectively, and the methylation detection rates of three genes in SCC group were up to 100.0%. Cytological diagnosis of
cervical cancer showed the area under curve (AUC) was 0.731, with a sensitivity and a specificity of 65.9% and 80.4%, respectively.
When FAM19A44, PAX1 and miRNA124-2 were used alone to diagnose HSIL+ (HSIL and SCC), PAX1 methylation had the highest
diagnostic efficiency, and the AUC was 0.925, with a sensitivity and a specificity of 92.8% and 87.3% . When the diagnosis was
made in pairs, the AUC of FAM1944 combined with P4X1 in the diagnosis of HSIL+ was 0.930, with a sensitivity and a specificity
of 95.7% and 87.1%, respectively. The AUC of FAM1944 combined with miRNA124-2 in the diagnosis of HSIL+ was 0.895, with
a sensitivity and a specificity of 97.6% and 85.7%, respectively. The AUC of PAX1 combined with miRNA124-2 in the diagnosis of
HSIL+ was 0.928, with a sensitivity and a specificity of 95.7% and 89.1%, respectively. When the P4AX1 and FAM1944 combined
with miRNA124-2 in the diagnosis of HSIL+, the AUC was 0.928, with a sensitivity and a specificity of 100.0% and 81.8%,
respectively. Conclusion: The methylation of the promoter regions of the FAM1944, PAX1 and miRNA124-2 genes demonstrates
high sensitivity and specificity in diagnosing cervical lesions, indicating the potential for becoming novel indicators for early
diagnosis of cervical lesions.
[ Keywords | FAM19A44; PAX1; miRNA124-2; Methylation; Cervical lesion
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PEAML (no intraepithelial lesions or malignant
lesions, NILM ) ZH (4241 ) , {REE@RR AN
J574Z (low grade squamous intraepithelial lesion,
LSIL ) #H28%1, &R 12 N 2E (high
grade squamous intraepithelial lesion, HSIL ) £
3614, @ ( squamous cervical cancer, SCC)
230, KA BEFR N (37.0111.58) |
(40.9+12.27) . (42.8+£9.84) A
(53.41£12.69) % . Bl S0 A8 78 B By 38,
SRR AR 2 E TS, HSCCHFIR T E
B TNILM, LSILFIHSILAH (P1J<0.05) ,
NILM. LSIL. HSIL4 B #H #2255 0502
= (PY¥>0.05) . NILM. LSIL. HSILFISCC
HETHPVIERYL R 5 H47.6% . 89.3% . 97.2%F
91.3%, M EERAGIHE L (P<0.05,
#1) .
2.2 FAM19A4, PAX1EmiRNA124-2KE 7
ARFZANETRE R FEULTER
FAM19A44 . PAX1. miRNA124-23 K
ALK 22 35 B 3000 A ) 3 2 4
B, PAX1EH A g1 XH AR &G Y 3R 7R
NILM, LSIL, HSIL&SCCH41 4l h21.4% .
35.7%. 80.5%F1100.0%, 44182 %H 51
BX (P<0.05) . #F—LWMILE: NILM

F1 BEEWR. HPV, AEREER
Tab.1 Patients’ age, HPV, cytology and pathology information

Pathological diagnosis

Group Total ¥ value P value
NILM LSIL HSIL SCC

Age/year 37.00+11.58 40.90+12.27 42.80+9.84 53.40%12.69" 42.22+11.59 8.901 0.000
HPV

Positive 47.6% (20/42) 89.3% (25/28) 97.2% (35/36) 91.3% (21/23) 78.3% (101/129) 35.126 0.000

Negative 52.4% (22/42) 10.7% (3/28) 2.8% (1/36) 8.7% (2/23) 21.7% (28/129)
TCT

NILM 42 42

ASC-US 9 3 12

ASC-H 2 3 5

LSIL 19 2 21

HSIL 29 11 40

Ne® 9 9

TCT: Thinprep cytologic test; ASC-US: Atypical squamous cells of undetermined significance; ASC-H: Atypical squamous cells can not exclude

HSIL. ": P<<0.05, compared with NILM, LSIL and HSIL group, respectively.
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miRNA124-2, FAM19A4FIPAX1F5 450G
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2.3 FAM19A4. PAX1EmiRNA124-2FB £
ZPHETRTHREE. FRERBEFEE
DINILM NS08, FAM1944 . PAX1 .
miRNA124-2)5 3 F H FAL 2 WiHSTL R 8% 4
B H81.25% ., 80.56% F171.88%, 45 HE /51K
54.76% .. 78.57%F171.43%, 2K MAF& 55K

Fz2 FAM19A4. PAX1FImiRNA124-2EFE R ELXERR RS TR TH HIER
Tab.2 Detection of FAM19A44, PAX1, and miRNA124-2 gene methylation in different grades of cervical lesions

Gene NILM (n=42) LSIL (n=28) HSIL (n=36) SCC (n=23) X value P value
PAX1 21.4% (9/42) 35.7% (10/28) 80.5% (29/36) 100.0% (23/23) 51.659 0.000
miRNA124-2 28.5% (12/42) 29.6% (8/27) 71.8% (23/32) 100.0% (23/23) 40.975 0.000
FAM19A44 45.2% (19/42) 51.8% (14/27) 81.2% (26/32) 100.0% (23/23) 25.688 0.000

In the LSIL group, 1 specimen, and in the HSIL group, 4 specimens did not show detectable miRNA124-2 and F4M1944 methylation results.

&3 FAM19A4, PAX1FIMIRNA124- 2B E R ENBSERE ETRE F I HIER
Tab.3 Combined detection of FAM1944, PAX1, and miRNA124-2 gene methylation in different cervical lesions

Gene NILM (n=42) LSIL (n=27) HSIL (n=32) SCC (n=23) 7 value P value
P+miR 38.1% (16/42) 44.4% (12/27) 84.3% (27/32) 100% (23/23) 34.906 0.000
P+F 47.6% (20/42) 59.3% (16/27) 87.5% (28/32) 100% (23/23) 26.104 0.000
F+miR 54.7% (23/42) 59.3% (16/27) 81.2% (26/32) 100% (23/23) 18.201 0.000
P+F+miR 57.1% (24/42) 66.7% (18/27) 87.5% (28/32) 100% (23/23) 18.476 0.000

miR: miRNA124-2; F: FAM1944; P: PAX1.



(e @BFER L) 202445553455 8 1]

739

66.22% . 79.49%F171.62%.

A3 544 PAX1 FIFAM1944, PAX1HImiR124-
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H}100.00%; eSS HINT8.57% . 54.76%Fl
71.43%, ZWLEATF A 253 01°886.15% . 70.77%F1
81.54%,

A3 G PAX 1 FIFAM19A44, PAX1HF1miR124-
2, miR124-2?FDFAM19A4 PAX1, FAM19A44
MmiR124-2 TG, 2WSCCREEE N
100.00%; uliﬁﬁﬂﬁ,mﬁ%$éz\wﬁ69.z3%\
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2.4 FAM19A4. PAX1. miRNA124-2E £
REEEXTSCCHISH &

K HROCHIZ 3 TFAN TCT . FAM19A44 |
PAX1 K miRNA124-255 K B FAbXF SCCHYZ Wik
fit. ROCHHZIHNTCTXISCCHIIZWIZE R o, il

BEAMHSILB RS, BRERSKHE

Tab. 4 Sensitivity, specificity, and overall concordance rate of PAX1, FAM1944, miRNA124-2, and their combination for the diagnosis of HSIL

Item FAM1944 PAX1 miR124-2 P+F P+miR miR+F P+F+miR
Sensitivity 81.25% 80.56% 71.88% 87.50% 84.38% 81.25% 87.50%
Specificity 81.25% 78.57% 71.43% 52.38% 61.90% 45.24% 42.86%
Total coincidence rate 66.22% 79.49% 71.62% 67.57% 71.62% 60.81% 62.16%

F: FAM1944; P: PAX1; miR: miRNA124-2.

&5 FAM19A4, PAX1FImiRNA124-2 KBRS FTHSILH2 B I R BIE . S REREEKFE

Tab.5 Sensitivity, specificity, and overall concordance rate of FAM1

944, PAX1, miRNA124-2, and their combination for the diagnosis of HSIL+

Item PAX1 FAM1944 miR124-2 P+F P+miR miR+F P+F+miR
Sensitivity 88.14% 89.09% 83.64% 92.73% 90.91% 89.09% 92.73%
Specificity 72.86% 52.17% 71.01% 47.83% 59.42% 43.48% 39.13%
Total coincidence rate 79.84% 68.55% 76.61% 67.74% 73.39% 63.71% 62.90%
miR: miRNA124-2; F: FAM19A44; P: PAXI.
*6 FAM19A4, PAX1FIMIRNA124-2RBXAXSCCILHMREE . HRERBEHEE

Tab. 6 Sensitivity, specificity, and overall concordance rate of FAM1944, PAX1, miRNA124-2, and their combination for the diagnosis of SCC

Item PAX1 FAM1944 miR124-2 P+F P+miR miR+F P+F+miR
Sensitivity 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
Specificity 78.57% 54.76% 71.43% 52.38% 61.90% 45.24% 42.86%
Total coincidence rate 86.15% 70.77% 81.54% 69.23% 75.38% 64.62% 63.08%

miR: miRNA124-2; F: FAM1944; P: PAX1.
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(95% CI: 0.913~0.989) , ZEIE%040.854,
12 W 1) R R VR 5 BE 430 2 94.2% F191.2%
PAX1 ., FAM1944};miRNA124-2£4%FSCCHYiZ
WIROCPEM 253 o, AUCH0.952 (95% CI:
0.915~0.990) , ZPEFRECH0.851, 2HI REE
RSB43 54 100.0%A185.1% (E2, £8)
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Fig. 1 ROC curves for the methylation of FAM19A44, PAX1 and
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Fig. 2 ROC curve for the combined diagnosis of SCC using

methylation of FAM19A44, PAX1, and miRNA124-2

P: PAX1; F: FAM1944; miR: miRNA124-2.

R7 FAM19A4, PAX1. miRNA124-2EF B EAL 3 SCCHIZHINME
Tab.7 Diagnostic value of FAM1944, PAX1 and miRNA124-2 gene methylation for SCC

Item AUC 95% CI Cut-off value Youden index Sensitivity Specificity
FAM1944 0.950 0.912-0.989 24.9 0.854 0.941 0.913
miRNA124-2 0.907 0.854-0.960 27.0 0.755 0.842 0913
PAX1 0.928 0.881-0.975 26.2 0.848 0.891 0.957
TCT 0.731 0.647-0.818 25.0 0.463 0.659 0.804
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Tab.8 Combined diagnostic value of F.AM1944, PAX1, and miRNA124-2 gene methylation for SCC

Item AUC 95% C1 Cut-off value Youden index Sensitivity Specificity
P+F 0.950 0.912-0.988 0.854 0.941 0.913
P+miR 0.929 0.882-0.976 0.848 0.957 0.891
F+miR 0.951 0.913-0.989 0.854 0.942 0.912
P+F+miR 0.952 0.915-0.990 0.851 1.000 0.851

P: PAX1; F: FAM1944; miR: miRNA124-2.

2.5 FAM19A4, PAX1., miRNA124-2FH £k
REEETTHSIL+ B B A

K HROCHTZ 73 B PEAN FAM1944 . PAX1 )
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0.827~0.951) , ZPEFEECN0.713, 2WiHy R
JE FIS S BE 23 3o 91.3%F180.0%; PAX1XFHSIL+
FIIZWIROCTEMN 45 5 . 7n, AUCH0.925 (95%
CI: 0.826~0.980) , ZJE45%N0.801, WK
AR R S R 92.8% F187.3% (K13,
#9) .

HE— W FAM19A44 . PAX1 FxmiRNA124-23%
PR B AR PR e A T I B TR HIROCHT M H2
WIHSIL+AYRLRE . PAX15 FAM19A48% A X HSIL+
FIZWIROCTEMN 45 R v, AUCH0.930 (95%
CI: 0.879~0.981) , ZPE+45%040.828, 2WiY
AP AR S 5 ) 95.7%M187.1%; PAX1Y
miRNA 124-25¢ 4 XTHSIL+i2 WIROC T 45
7R, AUCH0.928 (95% CI: 0.875~0.981) ,
ZIEFRECH0.848, 12 WY R U FNRE S5 EE 43 i)

$195.7%H189.1%; FAM1944 5miRNA124-28% 4
XTHSIL+HIZIIROCITAN 45 SR /s, AUC40.895
(95% CI: 0.832~0.959) , ZPEFE%040.833,
12 W %) 2 SR TR S5 B 430 R 97.6% F185.7% 5
PAX1. FAM19A44 K miRNA124-28: 4 X HSIL+
FIZWIROCTEMN 45 R . 7n, AUCH0.928 (95%
CI: 0.876~0.980) , ZE48%040.818, 2Ny
RABE AR 43 72 100.0%181.8% (%10,
K4) .
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Fig. 3 ROC curve for the methylation of FAM19A44, PAX1 and
miRNA124-2 in the diagnosis of HSIL+

K9 FAM19A4, PAX1KmiRNA124-2E F A EITHSIL+AIZ BT E
Tab. 9 Diagnostic value of FAM1944, PAX1, and miRNA124-2 gene methylation for HSIL+

Item AUC 95% CI Cut-off value Youden index Sensitivity Specificity
FAM1944 0.893 0.870-0.959 0.728 0.926 0.802
mi-R124-2 0.889 0.827-0.951 0.713 0913 0.800
PAX1 0.925 0.826-0.980 0.801 0.928 0.873
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£10 FAM19A4, PAX1EmiRNA124-2B BV B & X HSIL+AIIS BT &
Tab. 10 Combined diagnostic value of FAM19A44, PAX1, and miRNA124-2 gene methylation for HSIL+

Item AUC 95% CI Cut-off value Youden index Sensitivity Specificity
P+F 0.930 0.879-0.981 0.828 0.957 0.871
P+miR 0.928 0.875-0.981 0.848 0.957 0.891
F+miR 0.895 0.832-0.959 0.833 0.976 0.857
P+F+miR 0.928 0.876-0.980 0.818 1.000 0.818

P: PAX1; F: FAM1944; miR: miRNA124-2.
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Fig. 4 ROC curve for the combined diagnosis of HSIL+ using

0.0 &

methylation of FAM19A44, PAX1, and miRNA124-2

P: PAX1; F: FAM1944; miR: miRNA124-2.
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