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[ Abstract] Background and purpose: Cervical cancer is the most common gynecological malignancy, and human
papillomavirus (HPV) is closely related to cervical cancer/precancerous lesions. Correlation between expressions of HPV16 E7 and
FoxM1 was found in cervical tissue biopsy RNA samples and cervical cancer cell lines. This study aimed to discover the potential
immunohistochemical markers for cervical squamous cell carcinoma (SCC) and its precursor. We conducted correlation analysis
for high-risk HPV (hrHPV) infection versus nuclear protein expressions of transcriptional factor FoxM1 and its downstream target
Cdc25B using uterine cervical tissues. Methods: Histological samples obtained from cervical biopsy, conization or hysterectomy
were collected from pathology archives of Fudan University Shanghai Cancer Center from 2007 to 2009. Nuclear expressions of
FoxM1 and Cdc25B were evaluated by immunohistochemistry and compared with P16 and Ki-67 immunostaining, as well as HPV

DNA tests for 23 genotypes. Results: A total of 140 cases were recruited, including normal (n=22), cervical intraepithelial neoplasia
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(CIN)1 (n=28), CIN2/3 (n=50) and SCC (n=40) specimens. The positive rates of hrHPV, FoxM1, Cdc25B, P16 and Ki-67 in CIN2+
were 100.00% (90/90), 100.00% (90/90), 94.44% (85/90), 85.56% (77/90) and 97.78% (88/90) respectively, and all rates increased
with the severity of the disease (Jonckheere-Terpstra test, P<0.0001). FoxM1 and Cdc25B expressions correlated with hrHPV
infection, P16 and Ki-67 (Spearman’s correlation test, P<0.0001). The area under the curve (AUC) values of FoxM1 and Cdc25B
for diagnosing CIN2+ were 0.850 and 0.822, respectively. Conclusion: The correlation between hrHPV infection and FoxM1 or

Cdc25B protein expression in cervical squamous epithelium was confirmed. Nuclear FoxM1 and Cdc25B proteins may be potential

biomarkers for CIN2+.

[Key words] Uterine cervix; Human papillomavirus; FoxM1; Cdc25B
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Fig. 1 HPYV genotyping by PCR-reverse dot blot
A: Negative for 23 types of HPV; B: Positive for HPV 16 and 33
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Tab.1 Primary antibodies, antigen retrieval and dilution

Antibody Clone Company Antigen retrieval Dilution
FoxM1 C-20 el Pressure cooker 30 min, keep heating 10 min 1:200
Cdc25B C-20 el Electronic cooker 40 min, keep heating 10 min 1:100
P16INK4a 6H12 Novocastra Electronic cooker 10 min, keep heating 10 min 1:100
Ki-67 MIB-1 Dako Electronic cooker 15 min, keep heating 10 min 1:80

" Santa Cruz Biotechnology

2 % R

2.1 IGRREEER

P NG A ) 214015, 4045 TF 5 2022
). CIN1£H28451 . CIN2/32H5051 ( CIN2FICIN3S¢
W 3HIAI47H] ) . SCCZH40%1, CIN2+ ( CIN2/3
FISCC) JfI o0, BHAFRE I H22~75%
HR ISR 53 0 431438147
2.2 HPVEERKIHCHK ML RERR LIS IR
THARM DR

X140 R A 1 23 Fp HPV AL K] I DN A £ ]
BoRHPVHPER Bt H82.86% (116/140)
HHPV16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58. 59, 66F1685E X Ky 14FhrHPVHI
W], hrHPVIHPER H82.14% ( 115/140 ) , JakyL
HPVI16F118 (HPV16/18) #1034, 14Fh
hrHPV & HPV16/187F 1E# 41 . CIN1, CIN2/3 %
SCCH 1 PH 4= 2 Bl By 2505 742 ™ 7 F2 B2 Il iy b
Ft+ (Jonckheere-Terpstrafi i, P <0.000 1, 3
2) o U EfE R bR R YL TS5 4], Horp

HPV16., 18F1IH AR G EGY 7356141 . 341 FI
114 (f355FIHPVS58, 3%iHPV33, HPV56,
HPV52 s HPV3 1414 ) . {KfaRIHPV . —FE[H
RUBGLAL 1], HHPVIEY . TeARfTHP V&Y
2441,

i A% T FoxM 1 FICde2 5B [ 7 A [A) 4 3
B S0 A T R R U LK 2 . I 5 Ki-67
Je P16 BH 4 28 75 347 i 7 290995 728 7 B n ) g b
Ft+ (Jonckheere-Terpstrafi i, P <0.000 1, 3
2) . 50%MCINIG | FoxM1 FICdc25BIHME:,
P16FIKi-67 FH MR8 53 51l 18357 19%F146.43%
CIN2+H1FoxM1 . Cdc25B. P16f1Ki-67 fHM: %
43 51°100.00% (90/90 ) . 94.44% (85/90) .
85.56% (77/90) #197.78% ( 88/90) , H.H13
FIP16BAMEZ 4 CIN2/395 5, FoxM1FHEZ Ky
100.00% (13/13) , CAC25BFIKi-67M]35°492.31%
(12/13) . BEESKMP165 HAb A= Whr W,
P16A1 (5% ) HAthhrE 9 BHPE BRI & bR FH
PE, FTULERSCCAR, FABZE I BHPE 28 24 A B ik
MP16f ARIFEE SRR (FR2) .
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Tab. 2 Results of HPV DNA and immunohistochemical tests for 140 uterine cervical specimens

[n(%)]
Diagnosis Total P16 Ki-67" FoxM1" Cdc25B" P16/Ki-67"
Normal 22 0 (0.00) 1(4.55) 1(4.55) 1(4.55) 1(4.55)
CIN1 28 10 (35.71) 13 (46.43) 14 (50.00) 14 (50.00) 14 (50.00)
CIN2/3 50 37 (74.00) 48 (96.00) 50 (100.00) 48 (96.00) 49 (98.00)
SCC 40 40 (100.00) 40 (100.00) 40 (100.00) 37 (92.50) 40 (100.00)
Total 140 87 (62.14) 102 (72.86) 105 (75.00) 100 (71.43) 104 (74.29)
P value’ <0.000 1 <0.000 1 <0.0001 <0.000 1 <0.000 1
Diagnosis Total P16/FoxM1 P16/Cdc25B hrHPV' HPV 16/18" P16/hrHPV"
Normal 22 1(4.55) 1(4.55) 6(27.27) 6(27.27) 6(27.27)
CIN1 28 15 (53.57) 15(53.57) 19 (67.86) 15(53.57) 20 (71.43)
CIN2/3 50 50 (100.00) 49 (98.00) 50 (100.00) 43 (86.00) 50 (100.00)
SCC 40 40 (100.00) 40 (100.00) 40 (100.00) 39 (97.50) 40 (100.00)
Total 140 106 (75.71) 105 (75.00) 115 (82.14) 103 (73.57) 116 (82.86)
P value’ <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1
" Jonckheere-Terpstra test
Cdc25B P16 Ki-67
Normal

CIN1

CIN3

scc :

.l
".\f[} . Ve
(DAB, x400)

2 FoxM1, Cdc25B. P16FIKi-67ZEEHEHA LR A REBELLE
Fig. 2 Immunohistochemistry of FoxM1, Cdc25B, P16 and Ki-67 in uterine cervical squamous epithelium

SCC: Squamous cell carcinoma

2.3 Y% FoxM1F1Cdc25BE Bk FE 5hrHPV
B, P16 K Ki-67 AR X RIS

K H SpearmanAH ¢ M4 55 73 At 1 64 4111
HHPV 16U A HPV 18 YL L K 244 T AT {7
HP Vg YL (1) 955 (911 k4 B 9 4L ( HPV 161K 18,
F3) o LS8 FIH, HPVIERYL 54 iy
FoxM1 K Cde25BEE [ 7K 134 52 AL 4y i A O

P, SpearmantfZc 2 %L (rhofH ) 435 40.842
H10.757 ( P<0.000 1, 4) ., BiJ5%F 1141 H Al
hrHPV B — 7 51| J& e 7 244 JoAT A HP V g e &
PR Al (A 5 ) SEAT 00, AR B
SEHP VA )Y 5 41 i i FoxM 1 2 Cdc25B
AR BINA B A (P<0.000 1, 3%
3~4) o = 14FhrHPVE — LR &
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SR K TCAT T HP VB YL & #4 i A B 2 (14
FihrHPV ), M CHEAKRIRFEAE (P <0.000 1,
FK3~4) o WA, AFPPREYRIZTEAH B Z [E]0
F AR AR M, o HFoxM1 5Ki-67H1Cdc25B
Z A AH PR B, rhofE 43 1l 55 150.909410.840
(P<0.0001, %5) .
2.4 |HCEhrHPV DNAE MBS BT 2 RIEM
£, 2 FoxM 1M1 14FhrHP V (1) B ph 55 5 &
b 2 A RS I R S B PE T {E (negative

predicative value, NPV ) #]i5100%, HliP16
KW B 5, R B HINPV 251k K 85.56%F
75.47%, P165 H A by W 19 5K A K I R
FE MNPV (98.89%~100.00% ) . P16
F5 5B H80.00%, i T HAth Al mi B A G
(48.00%~72.00%, 36) . 14FphrHPV JZBE 4
P16# M A AUCTE A%, 43 51°40.750%10.740,
HAb AR HEYAUCIHIE [l 5150.822~0.850 ( [&]
3, £6) .

* 3 hrHPVERIER
Tab.3 hrHPYV infection of the patients

(1 (%)
Item 14 hrHPV types (single and multiple types) HPV16 or 18 (single type) Other types (single type)
Negative 24 (17.27) 24 (27.27) 24 (68.57)

Positive 115 (82.73) 64 (72.73) 11 (31.43)

Total 139 (100.00) 88 (100.00) 35 (100.00)

% 4 hrHPVEUEE S HAZFoxM1F1Cdc25BE B it KA HISpearmantd X 141016

Tab.4 Spearman’s correlation between hrHPV infection and nuclear expressions of FoxM1 and Cdc25B

Item 14 hrHPV types (single and multiple types) HPV16 or 18 (single type) Other types (single type)
Correlation rho P value rho P value rho P value
FoxM1 0.759 <0.000 1 0.842 <0.000 1 0.867 <0.000 1
Cdc25B 0.689 <0.000 1 0.757 <0.000 1 0.937 <0.000 1
CIN2+
%5 FoxM1, Cdc25B. Ki-67#1P16% H7k-FAISpearmantfst 1.0
'E*ﬁi Bﬁ' Source of the curve
] — P16
Tab.5 Spearman’s correlation test for expressions of FoxM1, o — Kion,
— Cdc25B
Cdc25B, Ki-67 and P16 £ o6l — Bleti Py
= 0 — Pl6+FoxH1
= P16+Cdc25B
Item rho P value & b -6 s
Q 1ne
2 0.4
FoxM1 and P16 0.706 <0.000 1
. 0.2 1
FoxM1 and Ki-67 0.909 <0.000 1
FoxM1 and Cdc25B 0.840 <0.000 1 0002 07 o6 08 10
1-Specificity
Cdc25B and P16 0.647 <0.000 1
Cdc25B and Ki-67 0.787 <0.000 1 B 3 FIRAPEEYIREYITCIN2+HZ BT R AIROCH £
Fig.3 ROC curves for the performance of different biomarkers
P16 and Ki-67 0.716 <0.000 1

evaluating CIN2+ in the uterine cervical specimens

Diagonal segments were produced by ties
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Tab. 6 Diagnostic performance of different biomarkers for CIN2+

Item Sensitivity/% Specificity/% PPV/% NPV/% AUC P value
FoxM1 100.00 70.00 85.71 100.00 0.850 £ 0.041 <0.000 1
Cdc25B 94.44 70.00 85.00 87.50 0.822 £ 0.042 <0.000 1
P16 85.56 80.00 88.51 75.47 0.828 £ 0.039 <0.000 1
Ki-67 97.78 72.00 86.27 94.74 0.849 +0.040 <0.000 1
14 hrHPV 100.00 50.00 78.26 100.00 0.750 £ 0.048 <0.000 1
P16+FoxM1 100.00 68.00 84.91 100.00 0.840 + 0.042 <0.000 1
P16+Cdc25B 98.89 68.00 84.76 97.14 0.834 £ 0.042 <0.000 1
P16+Ki-67 98.89 70.00 85.58 97.22 0.844 +0.041 <0.000 1
P16+14 hrHPV 100.00 48.00 77.59 100.00 0.740 + 0.049 <0.000 1

": Null hypothesis, true area=0.5; PPV: Pegative predicative value; NPV: Negative predicative value
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