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The Expression of Hypoxia Inducible Factor-1a and lts Correlation
with the Expressions of Cyclin A1 and Cyclin B1 and the
Clinicopathologic Factors of Uterine Cervical Carcinoma

Ju Yeon Pyo'“, Jae Ho Cho?, Hyunki Kim!', Jong-pil Park', Young Tae Kim’
and Nam Hoon Cho'!

Departments of 'Pathology, 2Radiation Oncology, *Obstetrics and Gynecology, College of Medicine,
Yonsei University, and “Brain Korea 21 Project for Medical Science, Seoul, Korea

Background : Hypoxia inducible factor-1a (HIF-1a) is a transcription factor for various target
genes that are involved in adapting cells to hypoxia. It promotes cell proliferation and survival
via modulation of such cell cycle regulators such as cyclin A1 and cyclin B1 in response to
hypoxia. This is associated with local failure of radiotherapy, which renders a poor prognosis
for cervical carcinoma. Methods : Using the tissue histologic sections and a tissue microarray
of the archived biopsy and surgical specimens of uterine cervical carcinoma from 57 patients
who were treated with radiation therapy alone, we performed immunohistochemical staining
for HIF-1a and cyclin A1 and B1 to evaluate the correlations between the expressions of these
proteins in tumors and the clinicopathologic parameters associated with the prognosis. Resullts :
The large tumor cell nests and invasive front margins of the tumors showed comparatively
intense immunoreactivity of HIF-1a. There was no significant correlation between the HIF-1«,
cyclin A1 and cyclin B1 expressions and the clinicopathologic factors. Conclusions : The HIF-
1a expression showed marked intra-tumoral heterogeneity. The HIF-1a expression is neither
a powerful predictor of resistance to radiotherapy nor is it a poor prognostic marker in cervi-
cal carcinoma patients who are treated with radiotherapy. The expressions of cyclin A1 and
cyclin B1 are neither independently associated with the response of radiation therapy nor are
they associated with the prognostic parameters of uterine cervical carcinoma.

Key Words : Cervix cancer; Radiotherapy; Hypoxia inducible factor 1, alpha subunit; Cyclin

ABAo] ke Aotk
Hypoxia inducible factor 1 (HIF-1)& Z&9] AAkA Aeol
ek -5 uhgol Fagk AL 1A O}L}i Fprdo] ofy ¢
_.__4 H]—}\]./H ZLL ] ]‘_‘HB‘], ;qungg i Agzo_g_ 17,:;_%1—/]_9 HIF-
12 A o Aakas Aol ofste] Firds]e] 324 (angio-
genesis), & A (glucose transport) Z Z3EAA (erythro-
poiesis) o] FL& FQ DAL Foslsls 14 FHAe] &
S fEdith HIF-12 Ak skl uish weshe a &
9k A% (translocation) o] thaljA] AwIsHA] Wl B At
2 FA% o]Z oA (heterodimer) ©|th. HIF-la+ A4 &
o RIsHA whe-ate] 229 AAAQ AtA FhslA e &
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A7 el RS A JUNAE okl T el
Z7RI dheb, 3% W A% 4EE B HIF-109

TFE WE2H HIF-le g Fdsty e 45
AL WALAX Fol| theh wh-go] vprhy H v syt
NEF7]E= AE W cyclin®] g3t SAE oJste]
Cyclin® cyclin-dependent kinase (CDK)%}
o] B4 AX F718 243l Aot o)
cyclin A13} Go/M 719 & H cyclin B1¢] Lo 25
Z9] Y o) 59} Aol ok By HAU AE
akas AJE7E A 1 S WAE A ph3 ARE B
Az ZAL Ao Aoy Gi/S719] o83 (checkpoint) &
Aojgo gz 2adgy dEA ATk

HIF-1a 9] 33 Ag-29goA o] A& 3 A A8
of Tt HHSAIE et By Eo] glof A A Eeks
A9 HIF-la W8} AlX F7] 24 QA 2& 9] A
o tig A4 obd i Hf §itt £ AFedME A5y
9 WA A5 tig 9SS B8k AEEMA ] HIF-1a
o] W o] §-8A43}, HIF-1ad Tdx A2 7] 228 AAR]
cyclin Al % cyclin Bl 39| 43 #AE LolR 72} 3t}
o} cyclin Al, cyclin Bl ¥ HIF-1a9] @33} 2459
o Wb A ge BE dF AP F W), TF] A7)9)
YA Ho] o gl o2 T Axete] 4 A
& gRIste] A8 WA B T 59 AREA THATE A
A Aw R gy

1B ore

o7 M2

1994 195E 2005 129714 2% A7 A ApFEet
02 Ay WAl X85 w2 74399 $AE 5 Weet
2 Aol 7h53t 57415 IO R stk Ak YTIEA

10% 373 Z2BH 1247k o} 34 §F 489 H<s
AA stelae)] Tojsie] HaE 23S o858l 574 5 424)
= 2 Aol F4 A5 # 3} tissue microarray (TMA)
E502 ARSI 150 tEdQ e E5& A8

HoazAsetgd S Aldagith 2t BE5S
Asle] QEoA s Z
AAsIL e IR HAHORE Iy, 24 A
0.3% FA¥sraao] 1027 B ¥ pH 6.09] A4 45
of @7 = et 1587 X lste] A2oA A3k YA} &
Aol & HIF-1a (1:100, ab8366: Abcam, Cambridge, UK),
cyclin Al (1:100, Santa Cruz, CA, USA), cyclin Bl (1:
100, Santa Cruz, CA, USA) &AE AR&ollA] 30527} WA
21 %, ¥AIAM 12417 wigsoith. ENVION kit (Dako-
Cytomation, Glostrup, Denmark)Z ©]83F EnVision &4
A o Hetslas 9AE Aleaitt 3,3-diamino-
benzidine tetrachloride chromogen (DAB)S.Z 23 5 3|
SE O 2]

HIF-lae 5% A9 do 240 JMEE 495
o= Wyajel, Gule) Al meb Al S 10% vkl
A 9P M-S ERE A9 1+, 10% o4 50% slgkelA
Py WSS sl A9 24, 50% o1PlA Py WSS
UehllE A$= 3+ 2 #5319tk

Cyclin A1¥} cyclin B1& & = AlX
£ FoE ey, TR Yirt 2 3-5719]
(X400) AloFoll Al 50070] FF AIE FollA P AE
£ Aol WEES T8l 30% MIHAE S4FCE B[RS
AL, 30% ool dME 45 IR LRSI
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SPSS Z 27 (SPSS Inc, Chicago, IL, USA, ver.130)<
ol g3t HIF-1a o W 34 AR Ak A A, &
ol 2o 49, B 7], Wl IEARER A,
PUZ f7, WA AR BE Alole] BRRE chi-square
714 T Fishers exact 7S E #4189ty HIF-1a9 &
3 2 A o e MEE e AAE Kaplan-Meier
method®] log-rank 7AA S whHzF £X519] 7, Multivariate
Cox proportional hazard model& ©]-&3te] thAz 24313
o AE 717k AT QA SRERE AFESFTOR QIS AL
TS HLRE AT parel 0.05 okl 7ol st
o $ARLT felg AT DR

2 1

At 2A

Sate] Ay Bxe 314004 794790 H, HE Uol=
587AIATE Foke] A7 1 ecmolA 10 em® THF o™ 4 em
ol 204 (35.1%) Gt} 574 F 3490(59.6%) = AT GA|
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FIGO stage7t 27] o]Fo]om, 44|(7%)lA Wb
o7} AT FF #F 7|17+ 147]LolA 1087) Lol Ht
F2 A 717k 51Nl WA A& & 5590(96.5%)
A ME A BHEUT, 290(35%) 04 & A= F
2 #F 717 T 501(88%) oA APt em, 1 5 390(5.3%)
b A s R Ao Ao Ha Alo|dint, FFel A A=
B 189 Atk
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o|ATt. 50 oA FF AT FAlE HEFHUL TdE EF
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HIF-la¥ 9% AlEZ9] 3%004 96%7HA L=, He
W88 428+357%th. HIF-laye £ A Ziwr oplz
YN A EAME go] FAEglom, 718e] oAM= $
Aol wehd vkl debgou g3 AAe] Ae4E o
Bl GAEE e BT wigaEEe g4 HAT)

Fig. 1. Immunohistochemical staining for HIF-1a in cervical carcinoma shows variable nuclear expression in tumor cells and blood ves-
sels (A-C). The invasive front margin (D) and large tumor cell nest (E) show slightly prominent nuclear expression, compared with around

tumor cells. The endocervical glands do not express HIF-1a (F).

Fig. 2. Immunohistochemical staining for cyclin A1 (A) and cyclin B1 (B) shows nuclear and cytoplasmic expression in cervical carcinoma.



M FEZ0| A= parabasal cell?} intermediate cellol] A2+ 415
AT, ool el v AFEAIEWE (cervical intraep-
ithelial neoplasia) % AU E2] 749 )52 FF Alx7t

Table 1. Relationship between HIF-1a expression and clinico-
pathologic factors in uterine cervical carcinoma

) Patients  HIF-1a expression p-
Variables
number 14 2+ 34 value
Total 57 12 5 12 28
Histologic type 0.970
Squamous cell carcinoma 51 10 5 12 24
Adenocarcinoma 6 2 0 0o 4
Tumor shape 0.049
Exophytic 7 4 0 1 2
Endophytic 50 8 5 11 26
Tumor size 0.192
<4.cm 37 5 4 9 19
>4.cm 20 7 1 3 9
Endocervical extension 0.079
No 51 9 5 10 27
Yes 6 3 0 2 1
FIGO stage 0.449
I-Il 54 11 5 10 28
M-IV 3 1 0 2 0
Age 0.228
<60 years 26 4 1 7 14
>60 years 31 8 4 5 14
Complication 0.083
No 39 1 3 8 17
Yes 18 1 2 4 1
Reponse to radiotherapy 0.240
CR 55 11 5 11 28
PR 2 1 0 1 0

-, negative; 1+, 1-9%; 2+,10-49%; 3+, 50-100% of tumor cells; CR, com-
plete remission; PR, partial remission.
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Fig. 3. Scatter diagram of HIF-1a and cyclin B1 reveals positive
linear correlation (correlation coefficient 0.449, p<0.05).
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Table 2. Relationship between cyclin A1, cyclin B1 expression
and clinicopathologic factors in uterine cervical carcinoma

Patients cyclin A1 cyclin B1
Variables
number _ . puvalue - + pevalue
Total 57 22 35 27 30
Histologic type 0.548 0.321
Squamous cell 51 19 32 23 28
carcinoma
Adenocarcinoma 6 3 3 4 2
Tumor shape 0.564 0.584
Exophytic 7 2 5 4 3
Endophytic 50 20 30 23 27
Tumor size 0.874 0.772
<4.cm 37 14 23 17 20
>4cm 20 8 12 10 10
Endocervical extension 0.781 0.872
No 51 20 31 24 27
Yes 6 2 4 3 3
FIGO stage 0.671 0.460
I-Il 54 21 38 25 29
1I-IV 3 1 2 2 1
Age 0.601 0.461
<60 years 26 10 16 183 13
60 years 31 12 19 14 17
Complication 0.976 0.789
No 39 15 24 18 21
Yes 18 7 1 9 9
Response to radiotherapy 0.627 0.727
CR 55 21 34 26 29
PR 2 1 1 1 1

-, 0-29% of tumor cells, +, =30% of tumor cells; CR, complete remis-
sion; PR, partial remission.
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Fig. 4. Scatter diagram of cyclin A1 and cyclin B1 reveals posi-
tive linear correlation (correlation coefficient 0.48, p<0.05).



Toll A FFIE BolTh & L W 9A R FF AT
9 2R A7le] wepME e g Fe Bdet M
37 Bl T A& Hele T vis] Aol a4 H
AAL(Fig. 1D), TF A2 259 2717 45 2de] 4=
7k S718kAtHFig. 1E). 44 Ae5Ale Alze 45 o
kot ZgEAl o] W A0l AE FedAME dvAlE

(reserve cell) Tt G =K Fig. 1F).

Cyclin Al &3} A ZAA FHE RO 5% 100% 7}
A tpekatglon, i wEE-S 418+318%%ith Cyclin B1%E
cyclin A1} frARHAl 3%014 100%7HA] S glom, Hi
£ 429+6.3% % HFig. 2).

HIF-1a, cyclin A13} cyclin Bl Z QIAFE 7ol <] 4
FAE BYsd HIF-1a9) cyclin BlE 04499 A3
B (Fig. 3), cyclin A13} cyclin Bl 0.4342] A2
HHFig. 4).
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Table 3. Univariate survival analysis of clinical factors and immu-
nohistochemical markers for uterine cervical carcinoma using
the Kaplan-Meier method with a log-rank test

Variables p-value
Clinical factors  Age (<60 vs =60 years) 0.215
Histologic type (squamous cell 0.461
carcinoma vs adenocarcinoma)
Tumor shape (exophytic vs endophytic)  0.472
Tumor size (<4 cmvs >4 cm) 0.026
Endocervical extension (no vs yes) 0.022
FIGO stage (<IllA vs >11IA) 0.083
Pelvic node metastasis (no vs yes) 0.194
Complication (no vs yes) 0.094
Response to radiotherapy (CR vs PR) 0.009
Immunohisto-  HIF-1a (0 vs <10% vs 10-50% vs >50%) 0.422
chemical Cyclin A1 (<30% vs >30%) 0.310
markers Cyclin B1 (<30% vs =30%) 0.732

AFZSerE| AN, H2IslE QIRje} PioiZH sIst e
Z1t Hw
HIF-lat %959] 473 9pgo] 2299 A9 3439
FollA o Bo] FAHUTHp=0049). T2} o A 2
S e s e
(Table 1), —75‘—°¢}59] cyclin Al 2 cyclin B19] @3 AEolw

AATH Table 2).

Kaplan-Meier method®] log-rank 7132 whAZF A5
o A Y AEY A71714 em OVJ‘?J 73 (p=0.026) 9} =
Hilabdzdol 7t gle A9 (p=0022) 2 #ARA &
815 Hole Z9-(p=0009) 0] AEge] B

N
il
3
-z
r—1m

It} (Fig. 5). Cyclin

Table 4. Cox regression multivariate survival analysis of clinical
factors and immunohistochemical markers in uterine cervical
carcinoma

Significance

(P)
HIF-1a (0 vs <10% vs 10-50% vs >50%) 0.425

Disease-free survival 95% Cl RR

Cyclin A1 (<30% vs =30%) 0.333
Cyclin B1 (<30% vs =30%) 0.770
Age (<60 vs =60 years) 0.283

Histologic type (squamous cell carcinoma 0.545
vs adenocarcinoma)
Tumor shape (exophytic vs endophytic)  0.638

Tumor size (<4 cmvs =4 cm) 0.108
Endocervical extension (no vs yes) 0.045 1.037-37.256 6.217
FIGO stage (<IlIIA vs =1IIA) 0.483
Pelvic node metastasis (no vs yes) 0.499
Complication (no vs yes) 0.082

CR, complete remission; PR, partial remission.
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Cl, confidence interval; RR, relative risk.
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Fig. 5. Kaplan-Meier survival curve reveals no statistically significant difference between the prognosis of uterine cervical carcinoma and
expression of HIF-1a (A, p=0.422). The survival curve is statistically significant (B, p=0.026) according to tumor size (<4 cmvs >4 cm).
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Al % cyclin B1& #dlo] Aol A a0l 30% u|kel
7ol AEgo] W S HIAT FAHLE fosiAE
2% SATH Table 3).

Multivariate Cox proportional hazards modelS ©]-&-3}
i 348 @ A3, 944 WIRE SRR U8
o) S 7ol BAMLR felgk Aolrt UL, HIF-1a,
cyclin Al ¥ cyclin B19] &8 Ako] wp2 AYE&9 2ol
frolatel gigiek
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2o Aol mE FE W AL el ddE HIF-1a
2 Ay E A HAT AT e

gl 78 vt 2y A3 ERES 3 A o
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R R CECE: Jr 4ol HIF-la7} wizArg5el
P SR DEATE A5 wmr cELERE
AR QTEHOIE 29 % HeHY oA GHEIgon,
G5 ZHINE D 9N PIS B FF ) HEse
Qo) 7o) AL 55 FF ALY 2Ho F 4% 25 B
A5 A IANA FU) Y AT GfpYS M H
HIF-la7h 9 W) 442 JehE wojshe 23tz pusigc
[ APPIS Hole BYel B2 9 o A 94
S AE B A F& FPI BHT S e AV
92 sk A0 Busg A B B2 AFE) 9
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A EUE oﬂfﬁ HIF-1a¢] &S vascular endothelial growth
factor (VEGF)¢] a3} #9138 A4t #A & Holw VEGF9
B AR TE Axe} T H A B A5 AEAA
FElatal webA HIF-1a 9] p}ﬁd% VEGF9] ¥ Z71& 53}
o] 2ok U] W AXo|E HEHoZ 7|ojd Zog FAreny
AAEE BAEh 2 Ao E HIF-1a9] wdo] &4
A4S e TE AxAA B ol HdEE A4S Bl
e, 9EellM e HIF-1a9] W Fee AFAEnit o
4 ztolE Btk K¢k HIF-1a 9] 33 459 o 2 250
gk WhSake] A FAE AAERG Aol B9t Haug-
land §7& U4 Ul Aakx AE7L AT $E ZUA T HIF-
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