[HZQIXI 2006:39:828-837 [ QlAteiT [

Expression of Hypoxia-inducible Factor-1 ¢ in Non-small Cell Lung Cancer:
Relationship to Prognosis and Tumor Biomarkers

Sung Rae Cho, M.D.*, Joung Hun Byun, M.D.*, Jong In Kim, M.D.*,
Bong Geun Lee, M.D.*, Bong Kwon Chun, M.D.**

Background: Tissue hypoxia is characteristic of many human malignant neoplasm, and hypoxia inducible factor-1
(HIF-1) plays a pivotal role in essential adaptive response to hypoxia, and activates a signal pathway for the
expression of the hypoxia-regulated genes, resulting in increasing O, delivery or facilitating metabolic adaptation to
hypoxia. Increased level of HIF-1« has been reported in many human malignancies, but in non-small cell lung
carcinoma the influence of HIF-14 on tumor biology, including neovascularization, is not still defined. In present
study the relationship of HIF-1 & expression on angiogenetic factors, relationship between the tumor proliferation
and HIF-1 o expression, interaction of HIF-1 o expression and p53, and relationship between HIF-1 ¢ expression
and clinico-pathological prognostic parameters were investigated. Material and Method: Archival tissue blocks
recruited in this study were retrieved from fifty-nine patients with primary non-small cell lung carcinoma, who
underwent pneumonectomy or lobectomy from 1997 to 1999. HIF-1«, VEGF (vascular endothelial growth factor),
and p53 protein expression and Ki-67 labeling index in tumor tissues were evaluated, using a standard
avidin-biotin-peroxidase complex (ABC) immunohistochemistry. Relationship between the HIF-1 ¢ expression and
VEGF, p53 overexpression and correlation between the HIF-1o expresseion and Ki-67 index were analyzed.
Clinico-pathologic prognostic parameters were also analyzed. Result: HIF-1 @ expression in cancer cells was found
in 24 of 59 cases of non-small cell lung carcinoma (40.7%). High HIF-1 & expression was significantly associated
with several pathological parameters, such as pathological TMN stage (p=0.004), pT stage (p=0.020), pN stage
(p=0.029), and lymphovascular invasion (p=0.019). High HIF-1 & expression was also significantly associated with
VEGF immunoreactivity (p<0.001), and aberrant p53 expression (p=0.040). but was marginally associated with
Ki-67 labeling index (p=0.092). The overall 5-year survival rate was 42.3%. The survival curve of patients with a
high HIF-1« expression was worse than that of patients with low-expression (p=0.002). High HIF-1 o expression
was independent unfavorable factors with a marginal significance in multivariate analysis performed by Cox
regression. Conclusion: It is suggested that high HIF-1 4 expression may be associated with intratumoral neovas-
cularization possibly through HIF-VEGF pathway, and high HIF-1 o expression could be associated with lymph node
metastasis and post operative poor prognosis in patients with non-small cell lung carcinoma.

(Korean J Thorac Cardiovasc Surg 2006;39:828-837)
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Fig. 1. Immunostaining for HIF-1 ¢: The patterns of HIF-1 & expression in cancer celis are mixed nuclear/cytoplasmic. Clusters of cancer cells
showing high HIF-1 & expression are most dense in the invading edge of tumor margins in squamous cell carcinoma (A, x200) and in
adenocarcinoma (B, x400).

Fig. 2. Immunostaining for VEGF: Cancer cells show red-brown cytoplasmic staining for VEGF in a diffuse pattern in squamous cell carcinoma
(A, x200), and in adenocarcinoma (B, x 200).
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Table 1. Correlation between HIF-1« expression and clinico-
pathologic characteristics in 59 cases of non-small cell lung car-
cinoma

Table 2. Association between HIF-1 ¢ expression and VEGF ex-
pression, aberrant p53 accumulation, and proliferative index in 59
cases of non-small cell lung carcinoma

HIF-1 ¢ expression

Clinicopathologic No. of -

characteristics cases High Low p value
(n=24) (n=35)

Gender 0.089
Male 50 18 32
Female 9 6 3

Histologic type 0.339
Squamous carcinoma 47 18 29
Adenocarcinoma 12 6 6

Pathological TNM stage 0.004
I 26 5 21
I 12 5 7
I 21 14 7

pT-stage 0.020
T1 15 7 8
T2 28 6 22
T3 9 6 3
T4 7 5 2

pN-stage 0.004
NO 27 6 21
NI1-N2 32 18 14

Visceral pleural involvement 0.703
Absent 38 15 23
Present 21 9 12

Lympho-vascular invasion 0.019
Absent 50 17 33
Present 9 7 2
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1) HIF-1 09 2H3D} QJAF Walshs oIxjo] ALEEH

HIF-1 ¢ P48 59 FollA 24¢))(40.7%)0l A 25|
a1, SHAIE] ¥ s AEA] W=l o} FokzA o
A Holx Sl HzA A wdlo] 54 ¢okeh(Fig. 1).

HIF-1 ¢ 9] a2 W) TNMH 7]oll A 17]+ 260]]
% 5901(192%), 7)1 12¢]] & 5¢0(41.7%), 7]+ 210] F
1493)(66.7%)oN| 4] K .91 31(p=0.004), TH 7)ol A Tlo] 154 &=
790(46.7%), T27F 284l = 691l(21.4%), T37} 941 F 64|

HIF-1 o
Parameters No. of . p value
cases High Low
(n=24) (n=35)
VEGF <0.001
Positive 22 17 5
Negative 37 7 30
Aberrant p53 0.040
Positive 30 16 14
Negative 29 8 21
Ki67 labeling o9 031408 188+92 009
index (%)

(66.7%), T47} 7] & 54|(71.4%)ollA 5 00 (p=0.020),
ZZA AHol7t Y= 324 F 189](56.2%)0M4), B Z3E 3
Ao WAE = 9ol F 7ol|(77.8%)0lA] Kol FATH o
Z fFelAol AATHp=0.004, p=0.019). YZA Hol|o F-F
= UZA Aoyt A& A7t 3 ol Fel| deks F=
Ao 7 Feks]o] NOZI N12F e 2 Uik a2 HIF-1

2 A%, A, 23§38, AE5T Al &
Fobe Al o] A=A gkgtrH(Table 1).

2) HIF-1¢2| D443 0} VEGF, p53 U Ki-67 X|$:8}

FAY AEe A2 Tl AAFAA 7t
A 7ysbA BaE 9 vhFig. 2). VEGFE 59¢]] & 22¢]jof)A]
e Elo] 37.3% 2 W && Kool VEGE/} W s]= 22
ol F 1741(77.3%)9ll A HIF-1 o7} Zh& =] ¢ 31(p <0.001)
(Table 2), p53-2 594 & 30o]|ol} 4] ¥ Eo] 50.8%2] w4l
£< Hon(Table 3), p53o] WHax: 300 & 164
(53.3%)°ll 4] HIF-1 o7} e 5] 9] 31(p=0.040)(Table 2, Fig.
3), Ki-67 ZA) A HIF-1 o7} #k3 5] = 240d0f| 4 23.1
+9.8, HIF-1 o7} A& 5= 3560l 4] 18.8+9.25 (Fig. 4),
HIF-1 ¢ 8ol Ki-67 S4AAFE AT §-94
£ HolA ekgkrhp=0.092)(Table 2).
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b
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B AT el HlEAE Hg 3ha} 590l A 4
2k 2RLEE HA 9INL7A] AEARLE 2 ksl
v}, Kaplan-Meier AJEE-Aoj| 4] AA) 51 AWEEL 42.3%
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Table 3. Univariate and multivariate analysis of survival in 59 cases of non-small cell lung carcinoma

. 95% confidence
Factors Odds ratio interval (CI) p value

Univariate
HIF-1 & (high vs. low) 2.630 1.383~5.001 0.003
Age (=60 yrs, <60 yrs) 1.260 0.659~2.406 0.485
Gender (male vs. female) 1.326 0.584~3.010 0.501
pT status (T2-4 vs. T1) 1.824 0.837~3.976 0.131
pN status (N1-2 vs. NO) 2.808 1.440~5.476 0.002
Pleural invasion (positive vs. negative) 1.361 0.714~2.597 0.349
Lympho-vascular invasion 1.933 0.846~4.417 0.118
(positive vs. negative)
VEGF (positive vs. negative) 0.895 0.465~1.723 0.740
Aberrant p53 (positive vs. negative) 1.220 0.646~2.304 0.539
Multivariate
HIF-1 o (high vs. low) 2.041 1.014~4.235 0.050
pT status (T2-4 vs. T1) 1.589 0.683 ~3.694 0.282
pN status (N1-2 vs. NO) 2.171 1.061~4.443 0.034

Fig. 3. Immunostaining for p53: Cancer cells show dark red-brown nuclear staining for p53 in squamous cell carcinoma (A, x200), and in
adenocarcinoma. (B, x200).
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Fig. 4. Immunostaining for Ki-67: Cancer cells show dark red-brown nuclear staining for Ki-67 in a diffuse pattemn in squamous cell arcinoma (A, X

200), and in adenocarcinoma (B, x200).
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Fig. 5. Kaplan-Meier overall survival curves in patients with non-small
cell lung carcinoma according to degree HIF-1 .« expression.
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