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Abstract: Objective To assess the value of DNA methylation level of HYAL2 gene as a molecular marker for differential
diagnosis of malignant and benign thyroid tumors. Methods DNA methylation of HYAL2 gene in tissue specimens of 190
patients with papillary thyroid cancer (PTC) and 190 age- and gender-matched patients with benign thyroid tumors was
examined by mass spectrometry, and the protein expression of HYAL2 was detected immunohistochemically for another 55
Ppairs of patients. Logistic regression analysis was performed to calculate the odds ratio (OR) and evaluate the correlation of per
10% reduction in DNA methylation with PTC. Receiver operating characteristic (ROC) curve analysis was performed and the
area under curve (AUC) was calculated to assess the predictive value of alterations in HYAL2 methylation. Results
Hypomethylation of HYAL2 CpG_3 was significantly correlated with early-stage PTC (OR=1.51, P=0.001), even in stage I
cancer (OR=1.42, P=0.007). Age-stratified analysis revealed a significantly stronger correlation between increased HYAL2_CpG_
3 methylation and early-stage PTC in patients below 50 years than in those older than 50 years (OR: 1.89 vs 1.37, P<0.05); ROC
analysis also showed a larger AUC of 0.787 in younger patients. The results of immunohistochemistry showed that patients
with PTC had significantly higher protein expressions of HYAL2 than patients with benign tumors. Conclusion The
alterations of DNA methylation level of HYAL2 gene is significantly correlated with early-stage PTC, suggesting the value of

DNA methylation level as a potential biomarker for differentiation of malignant from benign thyroid tumors.
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Tab.1 Association between methylation of HYAL2 gene and PTC

Thyroid adenoma (n=190)

Papillary thyroid cancer (n=190)

Odds ratio (95% CI)

CpG sites Median Median Per 10% reduction P
(interquartile range) (interquartile range) of methylation
HYAL2 CpG_1 0.49 (0.44-0.53) 0.49 (0.43-0.52) 1.16(0.96-1.40) 0.127
HYAL2 CpG_2 0.52 (0.46-0.61) 0.51 (0.45-0.59) 1.18 (1.00-1.39) 0.054
HYAL2 CpG_3 0.65 (0.61-0.68) 0.63 (0.58-0.65) 1.51(1.17-1.93) 0.001
HYAL2 CpG_4 0.73 (0.67-0.77) 0.74 (0.70-0.78) 0.83 (0.68-1.02) 0.075
R2 HYAL2 EEREWNS HPTCHIXERS
Tab.2 Association between methylation of HYAL2 gene and stage I PTC
Thyroid adenoma (#=190) Papillary thyroid cancer (n=173) Odds ratio (95% CI)
CpG sites Median Median Per 10% reduction i
(interquartile range) (interquartile range) of methylation
HYAL2 CpG_1 0.49 (0.44-0.53) 0.49 (0.44-0.53) 1.13 (0.93-1.37) 0.214
HYAL2 CpG_2 0.52 (0.46-0.61) 0.50 (0.45-0.59) 1.19 (1.00-1.41) 0.050
HYAL2 CpG_3 0.65 (0.61-0.68) 0.63 (0.59-0.65) 1.42 (1.10-1.83) 0.007
HYAL2 CpG_4 0.73 (0.67-0.77) 0.75 (0.70-0.78) 0.80 (0.65-1.00) 0.048
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Tab.3 Age-stratified analysis of the association between methylation of HYAL2 gene and PTC

Thyroid adenoma

Papillary thyroid cancer

Odds ratio (95% CI)

CpG sites Median Median Per 10% reduction P
(Interquartile range) (Interquartile range) of methylation

Age<50 years
HYAL2 CpG_1 0.48 (0.43-0.53) 0.49 (0.43-0.53) 1.18 (0.89-1.56) 0.258
HYAL2 CpG_2 0.51 (0.45-0.63) 0.50 (0.43-0.58) 1.21 (0.92-1.58) 0.171
HYAL2 CpG_3 0.64 (0.61-0.66) 0.63 (0.56-0.65) 1.89 (1.20-2.98) 0.006
HYAL2 CpG_4 0.70 (0.65-0.76) 0.75 (0.71-0.78) 0.47 (0.30-0.75) 0.002

Age=50 years
HYAL2 CpG_1 0.50 (0.44-0.54) 0.49 (0.44-0.52) 1.13 (0.87-1.47) 0.347
HYAL2 CpG_2 0.52 (0.46-0.60) 0.52 (0.45-0.60) 1.15 (0.93-1.43) 0.207
HYAL2 CpG_3 0.66 (0.62-0.69) 0.63 (0.59-0.66) 1.37 (1.02-1.84) 0.035
HYAL2 CpG_4 0.74 (0.69-0.78) 0.74 (0.67-0.77) 1.01 (0.80-1.27) 0.951
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4 60.66%, PPV 4 57.5%, NPV 5 62.7%(F4).,

Tab.4 Discriminatory power of HYAL2 methylation to distinguish PTC from benign tumors

Group Area under the curve Sensitivity Specificity Positive predictive value Negative predictive value
Total population 0.671 74.07% 52.94% 61.4% 66.9%
PTC of stage I 0.666 50.29% 74.87% 64.9% 61.9%
Age<50 years 0.787 92.50% 52.31% 70.5% 85.0%
Age=>50 years 0.614 59.63% 60.66% 57.5% 62.7%
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Fig.1 ROC curve of HYAL2 methylation to distinguish PTC from benign thyroid
tumors. A: All PTC vs thyroid adenoma; B: Stage I PTC vs thyroid adenoma; C: PTC
vs thyroid adenoma, age<50 years old; D: PTC vs thyroid adenoma, age>50 years old.

5T 20 DNA H AL E S AR AR E, DR
R R F 15 2 THIG T TR 50~54 % Ik Bl oK fH
AN, 2019 4 rf [ FDR B 5 s £ FH BRI B8/ L 50~54
2 BRI B ™ O T IH BRI TR A%
N, FRATTEL 50 2 il B X F 98 AREEAT o041, RS
AW AENS 532 53 T R WA IS 4 R S A0 4 Hh 3
WL H HYAL2 KPR F A AR 5 PTC 8k (HIZ %
IRAEARAF M e rp s T R ARt 4. ROC 4k T 1
TR S HF HYAL2 FE R AL MU A A S 2 AR P L
AT AN . AT, 5250 2 B9 AN HEAE
F L <50 % BARAR S ATRERY HYAL 2 FE R B RLA R R
JiiE EA TS A ST . AR AR SY I, Bt AR T PR
(B AR , PTC %50 fAH S BUAR Al 34 e HUR 7 30~
49 B L NBER™ AN AR PR B MR A
oh3.75: 1, MEEEEH RIS EEEREN R
—0 T EL A TR R 49 %0 ENFRATMIRAR
WL (<50 2 ) ML e R 2R AR 4a 2t . P FRAT T4
IRAF WS 20 S8 35 PTC XU T ik 32 W 22 /KT R 52
BEAN BEA A1 0, A 2E R AR A 5 PR 2R AN e
5940 T HYAL2 5K DNA H AL s 5 40 BRI

FERICHR 2 SR, Fi TABFFE R 5ok [ R B, 5= 41
AT IR E(E R, A PR A A R, Ry
B TR R RE M A S I ST S e S A PR HYAL2 J
DNA HI 3t 4k ol 25 i) PTC XURS . R 4E 1 %t T
HYAL2 5P DNA H AL 575 FI PTC JCHK 1Y 52 1 i A
SE4x B (R X B R R ATTZEWE 58 DNA ALK 5
PTC KU, BEAS IEAFIS S
AN, FA A 55 Hh 55 KFAERS A5V R A
I PTC FIH R B MIR H 2 FEPE 414U HYAL2 f 3 1
FIRAT-, RIS PTC IR B (1) HYAL2 #ih 7K -1
FE T R . ASFER, HYAL2 FER T Y 4
3p21.3 DXI, 2 XL PR e i S U RE A & AR
SR, AT FR HE HYAL2 2 —Fh D RERG UL >, 2
LT [RIRE T I X 3 [R) S8 e L P HYAL 1, HYAL2 [
PRARA SRHUIRA VE FH AR T BB AZ v 8 R IE R i, {H
TCARFRFFEEST AN , HYAL2 30 1] BEiE 2§20 CD44
R AT AR B 32 111 & AR - A A sl e 7 A Ak /Y
I, HYAL2 &3k S9R0E 1) IR EAS P4 R . i
UL EABEE T B F 947 T TSS1500 X3k (5 3
T IX 3 , 12 X 3k DNA 3 Ak 7K S B i) 378 4 3 R 5%



+ 128 - J South Med Univ, 2022, 42(1): 123-129

http://www.j-smu.com

E 37 mm Benign thyroid tissue
. Malignant thyroid tissue E2 HYAL2 EE 7K E B E 4t iy Rk kK E

0 27 R Fig. 2 Protein expression of HYAL2 in benign and malignant thyroid

§ T tumors. A-B: Images of immunohistochemical staining against HYAL2 in

= 1 benign thyroid tumor. C-D: Images of immunohistochemical staining
against HYAL?2 in early-stage PTC. E: The IHC scores of HYAL2 protein.
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