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lar deposits and enhances energy gain through glycolysis. 
GLUT1 has been found to be highly expressed in poorly 
differentiated endometrial cancer in comparison to grade 
1 endometrioid adenocarcinoma7.  

Pathologists often encounter differential diagnostic 
problems between atypical endometrial hyperplasia and 
grade 1 endometrioid adenocarcinoma. This study in-
vestigates the immunohistochemical expression of the 
metabolic markers GLUT1 and FASN, in normal, hyper-
plastic, and carcinomatous endometrium. We aimed to 
test whether immunohistochemistry could be used as an 
adjunct in the distinction between atypical endometrial 
hyperplasia and endometrial carcinoma in problematic 
cases.

Materials and methods
This retrospective study was approved by the Bioeth-

ics Committee of Medical School of the Aristotle Univer-
sity of Thessaloniki. The cases were retrieved from the 
archives of the Histopathology Department of ‘Euromed-
ica Geniki Kliniki of Thessaloniki’, obtained from pa-
tients subjected to hysterectomy or endometrial curettage 
between December 2014 and April 2017. A total number 
of 114 formalin-fixed, paraffin-embedded tissue blocks 
from endometrial curetting and hysterectomy specimens 
were examined from 114 consecutive patients. Our ma-
terial included ten cases of proliferative endometrium, 
ten cases of secretory endometrium, 17 cases of simple 
hyperplasia, 11 cases of atypical hyperplasia/endome-
trial intraepithelial neoplasia, 43 cases of endometrioid 
adenocarcinoma, 15 cases of serous carcinoma and eight 
cases of clear cell carcinoma. All carcinoma cases were 
consecutive in order within the above period. Thirty-
three of the endometrioid adenocarcinoma cases were 
well-differentiated (grade 1), seven moderately differen-
tiated (grade 2) and three poorly differentiated (grade 3).  

Immunohistochemical technique
Five microns thick, tissue sections from the paraffin 

blocks were further processed for immunohistochemistry, 
using an automated steptavidin-biotin procedure (Nexes, 
Ventana, USA) and application of the following antibod-
ies: GLUT1 (Rabbit polyclonal antibody, 1:50, Menar-
ini, Florence, Italy) and FASN (Clone H300, 1:50, Santa 
Cruz Biotechnologies, Santa Cruz, CA, USA). Breast 

carcinoma tissue was used as positive control for both 
GLUT1 and FASN8. A negative control for immunostain-
ing was carried out by replacing the primary antibody 
with non-immune rabbit serum.

Immunohistochemical scoring
A combined, semi-quantitative scoring system based 

on the fraction of the positive neoplastic cells and their 
staining intensity was used for immunohistochemical 
evaluation. The staining intensity and the percentage of 
positive cells were evaluated blindly from the primary 
author (EA). The staining intensity was scored in a four-
tiered scale, according to H-score method, 0: negative, 1: 
weakly positive, 2: moderately positive, and 3: strongly 
positive (similar to breast carcinoma positive control tis-
sue). The percentage of the positive cells was multiplied 
with the intensity score, resulting in values ranging from 
0 to 300, according to H-score method (3x percentage 
of strongly staining nuclei, 2x percentage of moderately 
staining nuclei, and 1x percentage of weakly staining nu-
clei). In order to interpret better our results, we regard-
ed our cases as negative (score: 0-30), mildly positive 
(score: 31-100), moderately positive (score: 101-200), 
and strongly positive (score: 201-300). The mean value 
of immunohistochemical expression of each marker per 
group was finally calculated for further analysis.

Statistical analysis
The R software environment for statistical computing 

version 3.4.4 was used for conducting the statistical anal-
ysis of the collected data. Given the selection of groups 
and the semi-quantitative way the immunohistochemical 
scoring was evaluated, it is expected that the variances of 
each population are not the same. It can be seen indeed 
from Table 1 that the standard deviations differ signifi-
cantly; therefore heteroscedasticity was assumed to be 
the case. Moreover, the sample sizes differ considerably. 
Therefore, pairwise comparisons with confidence level 
95 % between groups using Welch’s t-test instead of the 
Student’s t-test due to unequal variances were conducted. 
The Benjamini & Hochberg method was used to adjust 
the p-values in order to account for the necessary cor-
rections for multiple testing by controlling the false dis-
covery rate. For testing the association between FAS and 
GLUT1 within groups, the Spearman’s rho rank correla-

Table 1: Fatty acid synthase (FASN) and glucose transporter 1 (GLUT1) immunostaining in normal, hyperplastic and carcino-
matous endometrium.

Endometrial type number FASN GLUT1
Proliferative endometrium 10 5 ± 2.02 21 ± 8.93
Secretory endometrium 10 17 ± 7.08 29 ± 12.09
Simple endometrial hyperplasia without atypia 17 68.23 ± 28.03 44.11 ± 18.68
Atypical hyperplasia /endometrial intraepithelial 
neoplasia 11 71.81 ± 24.42 76.36 ± 47.81
Endometrioid adenocarcinoma 43 114 ± 42 114.65 ± 57.13
Endometrioid adenocarcinoma grade 1 33 96.96 ± 29.74 98.18 ± 52.05
Endometrioid adenocarcinoma grade 2 and 3 10 172 ± 22 169 ± 36.35
Serous carcinoma 15 142.66 ± 78.6 156.66 ± 66.83
Clear cell carcinoma 8 151.25 ± 102.6 177.5 ± 55.74

FASN: fatty acid synthase, GLUT1: glucose transporter 1, values are given in means ± standard deviation.


