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Hypoxia-inducible factor-1α, adrenomedullin and Bcl-2 

although expected are not related to increased uptake of 

fluorine-18-fluorodeoxyglucose in endometrial cancer

Abstract
Objective: To study the relation between SUVmax, hypoxia inducible factor 1� (HIF-1�), angiogenetic 
factor adrenomedullin (AM) and antiapoptotic factor Bcl-2 in endometrial cancer. Subjects and Meth-
ods: Thirthy eight patients who were diagnosed after a preoperative endometrial biopsy with endometri-
um cancer underwent pre-operative positron emission tomography/computed tomography (PET/CT) 

18utilizing �uorine-18-�uorodeoxy glucose ( F-FDG). Maximum standardized uptake values (SUVmax) of 
the primary tumor were measured. After hysterectomy and bilateral salpingo-oophorectomy, microsco-
pic slides of the 38 endometrial adenocarcinoma patients were evaluated by a surgical pathologist to 
con�rm the diagnosis. Immunohistochemical staining for AM, Bcl-2 and HIF-1�  was studied. Results: In 

18all patients, F-FDG uptake was detected. The mean SUVmax of the tumors was 11.8±5.9. Although 
SUVmax was higher in HIF-1� positive tumors, this �nding was not statistically important. No correlation 
was found between SUVmax and HIF-1� positivity. Mean SUVmax was 6.4±3 and 12.3±1.4 in AM negative 
and AM positive patients, respectively. Mean SUVmax was 10.6±4.9 and 12.3±1.4 in Bcl-2 negative and Bcl-
2 positive patients, respectively. We found no correlation between SUVmax, AM or Bcl-2 expression. Allred 
scores were not related with SUVmax in regression analysis. Conclusion: Our study in a small number of 
patients is the �rst to show that SUVmax, although expected is not associated with HIF-1�, AM or with Bcl-

182 in endometrial cancer. Increased uptake of F-FDG in endometrial cancer seems to be independent of 
HIF-1� and its downstream factors.    
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Introduction

Positron emission tomography (PET), a revolutionary imaging technique in 
oncology, is based on altered functional and metabolic activity of tumor tissue. 
Unique features of cancer cells are: increased uptake of glucose and anaerobic 

metabolism which constitute the molecular basis for using PET as a diagnostic means. 
Otto Heinrich Warburg, claimed that energy metabolism of tumor cells and of normal 
cells is di�erent. His study reported that cancer cells can grow under hypoxic conditions 
and consume larger amount of glucose by anaerobic glycolysis and was awarded the 
Nobel Prize in 1931 [1]. Hypoxia inducible factor (HIF-1�) protein was shown to be 
related to Warburg e�ect [2] and regulate the genes responsible for increased utilization 
of glucose and energy metabolism. 

Uncontrolled growth of cancer cells suppresses host tissue vascularization and causes 
in the host tissue inadequate blood supply, poor oxygenation and insu�cient 
availability of glucose. Disturbed di�usion geometry, abnormal structure of tumor 
microvessels and microcirculation result in hypoxia [3]. However, cancer cells require a 
solid source of energy and nutrients [3, 4]. Adaptation and interaction of tumor with the 
altered microenvironment is necessary for tumor progression [5]. Tumor cells sense the 
limited availability of oxygen and glucose by oxygen sensitive transcription factor HIF-
1�[4]. Factor HIF-1� induces a number of key downstream genes for survival and 
progression of tumor including adrenomedullin (AM), vascular endothelial growth 
factor (VEGF), glucose transporters and 6phoshofructo kinase. Induction of (AM) by HIF-
1� provides neo-angiogenesis for nutrient supply, tumor progression [6] and induction 
of glucose transporters and glycolytic enzymes cause enhanced glucose availability and 
metabolism.

Adrenomedullin is a 52 amino acid peptide structurally and functionally related to cal-
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citonin and to calcitonin gene-related peptide [7]. Adreno-
medullin coordinates the growth of vessels and apoptosis 
[8], and upregulates Bcl-2 to resist hypoxic cells death [8]. 
Furthermore augments VEGF release from endometrial 
tumors [9]. 

Bcl-2 is an antiapoptotic protein which is upregulated in 
hypoxic conditions [10]. The role of Bcl-2 expression in the 
inhibition of apoptosis in endometrial carcinoma is well 
known and its expression may be associated with tumor 
di�erentiation and cell proliferation [6].  

18Fluorine-18-�uoro-glucose ( F-FDG), is a glucose analog, 
most commonly utilized as a tracer that enters the cells via 
glut transporters and is metabolized by hexokinases. Maxi-
mum standardized uptake value (SUVmax) provides a semi-
quantative analysis of tumor glucose metabolism [11]. Cor-
relation between SUVmax, HIF-1�, GLUT, and hexokinases 
has been studied in many tumors [3, 11-13]. There has been 
one study on SUVmax and HIF-1A in endometrial cancer. 
Relation between SUVmax, HIF-1� and AM has not yet been 
studied. Data on hypoxic proteins other than AM and 
SUVmax in endometrial cancer are also scarce. Research pro-
viding information on the scienti�c basis of PET/CT may 

18help the clinician to assess the role and pitfalls of F-FDG 
PET/CT in endometrial cancer and further develop the ima-
ging modality. Besides, it may also have implementation in 
understanding of signal changes and responses to therapy 
at molecular level. We, therefore, have studied correlation 
bet-ween SUVmax, HIF-1�, AM and Bcl-2 in endometrial 
cancer.

Subjects and Methods

Thirty eight patients with endometrial cancer were included 
to the study. All patients with a preoperative endometrial 
biopsy suggesting endometrium cancer had pre-operative 

18PET/CT utilizing F-FDG, and then surgical treatment: hys-
terectomy with bilateral salpingooopherectomy. Specime-
ns were sent for pathological examination. Patients with 
endometroid type tumors were included in the study. All 
other histological types of cancer were excluded. In order to 
exclude metabolic and systemic diseases causing hypoxia, 
patients with cardiovascular disease, pulmonary disease, 
malnutrition, hemoglobin less than 10g/dL, arterial O� 
partial pressure less than 90-100mmHg and albumin level 
less than 3g/dL were excluded.

PET/CT protocol and image analysis
18For the whole body F-FDG PET/CT images we used the full 

ring PET/CT scanner Philips Gemini TF (Ohio, Cleveland, 
USA), with dedicated lutetium yttrium oxyorthosilicate 
(LYSO) and a 64 slice CT. All patients were kept fasting for 6h 

18prior to the intravenous (i.v.) injection of 3.7MBq/kg of F-
FDG. During the waiting period of 60min, all patients were 
orally hydrated with 1.5L of contrast solution. Sixty minutes 
later, after asking the patients to empty the bladder and 
injecting the i.v. contrast the combined examination started. 

The CT scan was �rst acquired followed by the PET scan. 
Non-corrected and attenuation-corrected PET and CT ima-
ges were evaluated in the rotating maximum-intensity pro-
jection and in the cross-sectional transverse-sagittal-coronal 

18planes view. The F-FDG uptake of the primary tumor was 
semi-quanti�ed by the SUVmax value (Figure 1A-D).

Figure 1A-D. 18A 45 years old female with endometrial cancer. F-FDG-PET/CT 
18images showed increased F-FDG uptake in the tumor (A-B) and in the metastatic 

precaval lymph nodes (C-D).

Histopathological and immunohistochemical protocol
The microscopy slides of 38 patients with endometrioid 
adenocarcinoma were re-evaluated by a surgical patholo-
gist to con�rm the diagnosis. Tumors were graded according 
to the International Federation of Gynecology and Obs-
tetrics (FIGO) Grading System [14]. Slides lacking necrosis 
from the most representative areas were selected for 
immunohistochemical staining with AM, Bcl-2 and HIF-1�. 
Immunohistochemical staining was performed by using the 
avidin-biotin-peroxidase method. Immunohistochemical 
anti-AM (clone: HTA91a/G2, 1/100, Abcam, CA, USA), Bcl-2 
(Bcl-2 alpha Ab-1, clone: 100/D5, 1/100, Thermo Scienti�c, 
Fremont, CA, USA) and Anti-Hif-1-alpha, (clone: EP1215Y, 
1:100, Abcam, CA, USA) expressions were evaluated blindly. 
Negative controls for immunostaining were prepared by 
omitting the incubation step with primary antibody. Positive 
controls were adrenal medulla for AM, tonsil for Bcl-2 and 
human ovarian carcinoma for HIF-1�. Cytoplasmic expres-
sion was considered as positive for AM and Bcl-2, while 
nuclear expression was considered as positive for HIF-1� 
(Figure 2A-C). 

Data analysis
Allred scoring system was used for the evaluation of immuno-
histochemical AM and Bcl-2 expressions [15]. For this 
purpose an intensity score (0; negative, 1; weak, 2; moderate, 
3; strong), a proportional score (0; 0%, 1; �1%, 2; 1%-10%, 3; 
11%-33%, 4; 34%-66%, 5; 67%-100%) and a total Allred score
 (between 0 and 8) were de�ned. Adrenomedullin and Bcl-2 
expression less than 10% were considered negative. For the 
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HIF-1� immunohistochemistry two cut-o� values were set 
for the statistical analysis (�1% and �10%) [16]. 

Statistical analysis
Data were expressed as means±SD. Student t-test was used 
to compare means. Categorical data were analyzed by Chi-
square test. Spearman and Pearson correlation tests were 
used to analyze the degree of association between SUVmax 
and biological variables. All statistical analyses were 
performed using MedCalc for Windows, version 12.5 
(MedCalc Software, Ostend, Belgium). A P value less than 
0.05 was considered statistically signi�cant.

Results
 

Patients and histopathological �ndings
Mean age of patients was 57.6±8.5.Tumor grade was grade 
1, 2 and 3 in 47.4%, 42.1% and 10.5%, respectively (P=0.10). 
Mean tumor size was 4.5±2.9. There was no myometrial 
invasion in 21.1% of specimens. A total of 57.9% percent of 
patients had myometrial invasion in less than 50% of the 
myometrium and 21.1% had myometrial invasion in more 
than 50% of myometrium (P=0.07). Lymphovascular space 
invasion was negative in 94.7% and positive in 5.3% 
(P=0.0002).

PET/CT �ndings and correlation with hypoxia, adreno-
medullin and apoptosis 

18In all patients F-FDG uptake was detected. Mean SUVmax 
of the tumors was 11.8±5.9. SUVmax and histopathological 
relations are shown in Table 1. 

Although SUVmax was higher in HIF-1� positive tumors 
(mean SUVmax: 9.4±4.8 vs 12.5±6.1), this �nding was not 
statistically important (P=0.77). No correlation was found 
between SUVmax and HIF-1� positivity. Mean SUVmax was 
6.4±3 and 12.3±5.7 in AM negative and AM positive patients 
(P=0.17). Mean SUVmax was 10.6±4.9 and 12.3±5.7 in Bcl-2 
negative and Bcl-2 positive patients (P=0.19).  

We found no correlation between SUVmax, adrenome-
dullin or Bcl-2 expression. AM and Bcl-2 Allred scores were 
not related with SUVmax in regression analyses.

Immunohistochemical �ndings
Adrenomedullin expression was negative in 10.5% of 
patients and positive in 94.7% (P=0.001). Adrenomedullin 
intensity was negative, weak, intermediate and strong in 15. 
8%, 15.8%, 52.6% and 15.8%, respectively (P=0.05). Median 
Allred score of AM was 7 (range: 0-8).

Bcl-2 expression was negative in 68.4% and positive in 
31.6% (P=0.16). Bcl-2 intensity was negative, weak, interme-
diate and strong in 31.6%, 47.4%, 21.1% and 0%, respectively 
(P=0.36). Median Allred score of Bcl-2 was 3 (range: 0-5).  

Due to cut-o� value of 1%, HIF-1� expression was negative 
in 21.1% of specimens and positive in 78.9% of specimens 
(P=0.02). With a cut-o� level of 10%, HIF-1� expression was 
negative in 73.6% of specimens, and positive in 26.3% of 
specimens (P=0.06).
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Figure 2A-C. Immunohistochemical cytoplasmic adrenomedullin expression (A; x200), Bcl-2 expression loss (B; x100) and nuclear Hif-1� positivity (C; x200) in 
endometrial adenocarcinoma.

Table 1.  SUVmax and immunohistopathological �ndings.

SUVmax P value

HIF-1α

HIF-1α<1% 9.4±4.8 0.36

HIF-1α>%1 12.5±6.1

HIF-1α<10% 12±6.3 0.90

HIF-1α>10% 11.6±5.0

Bcl-2 expression

Negative 10.6±4.9 0.19

Positive 12.3±5.7

AM expression

Negative 6.4±3 0.17

Positive 12.5±1.4



Discussion
 

We have found no relation between SUVmax and HIF-1�, 
AM, Bcl-2. There has been one study on SUVmax and HIF-1� 
in endometrial cancer and we were unable to �nd any study 
between SUVmax and AM, Bcl-2 in endometrial cancer 
�ndings [17]. 

HIF-1� is an essential component of adaptation of tumor 
cells, carcinogenesis, and progression [18]. Expression of HI-
F-1� is shown to be increased from inactive endometrium 
through endometrial hyperplasia to endometrial cancer [19]. 
Other studies reported that overexpression of HIF-1� is as-
sociated with poor prognosis and recurrence [18-20]. How-
ever, contradictory results of HIF-1� in endometrial cancer 
have also been reported [18, 20-22]. A cut-o� value for HIF-
1� positivity is not universally accepted, and variable cut-o� 
values have been used [18]. Therefore, we have studied a 1% 
and a 10% cut-o� value. HIF-1� expression was negative in 
21.1% of specimens and positive in 78.9% of specimens 
(P=0.02) with a cut-o� level at 1% and negative in 73.6%, and 
positive in 26.3% of specimens (P=0.06) with a cut-o� of 10%. 
These �ndings were in accordance with others reporting a 
positivity rate of 26-49% for HIF-1� [17, 18, 20]. 

We have found no correlation between SUVmax and HIF-
1�. The only other study in the literature evaluating SUVmax 
and HIF-1� positivity also found such no relation [17]. 

18However, F-FDG uptake is shown to be associated with the 
presence of HIF-1� in other malignancies including cervix, 
cancer of the brain, the oral cavity and breast [23-25]. A 
signi�cant correlation among the rate of expression of GLUT, 
hexokinase and HIF-1� reported in these studies indicated 
that GLUT and hexokinases were induced by HIF-1�. 

18Controversially, it is reported that F-FDG uptake by incre-
ased GLUT may also be independent to HIF-1� [17, 25, 26]. 

Adrenomedullin is mainly under the control of HIF-1� and 
belongs to a family of proteins secreted in response to 
hypoxia [27]. Adrenomedullin is a critical factor for the 
growth of neoplasia, helps the tumor evade the immune 
system [10, 27] and promotes cell survival via Bcl-2 in endo-
metrial cancer [10]. It has been shown that AM is increased in 
a stepwise manner from normal, simple hyperplasia, 
complex hyperplasia to endometrium cancer [10]. A varied 
expression of AM in di�erent tumor grades has been 
reported [28]. Together with VEGF, AM acts synergistically 
for angiogenesis [27,28]. Vascular morphologic changes in-
duced by AM do not require the VEGF and blocking only 
VEGF does not interrupt formation of capillaries [27]. In a 
single study evaluating SUVmax and VEGF relation in 
endometrial cancer it was reported that there is no relation 
between SUVmax and VEGF [17]. Therefore, we have studied 
AM, Bcl-2 and SUVmax. Adrenomedullin expression was 
negative in 10.5% of patients and positive in 94.7%. Bcl-2 
expression was negative in 68.4% and positive in 31.6%. We 
have found no association between SUVmax and AM, Bcl-2.

In conclusion, our study in a small number of patients is the 
�rst to show that SUVmax, although expected is not 
associated with HIF-1�, AM or with Bcl-2 in endometrial can-

18cer. Increased uptake of F-FDG in endometrial cancer 
seems to be independent of HIF-1� and its downstream 
factors.    
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