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Abstract 
Introduction: HER2, EGFR, p53 and PTEN are important in organization of the germ layers, in embryonic development and morphogenesis, in 
the development and differentiation of certain organ systems and in embryonic morphogenesis. Our goal is the comparative examination of 
the expression of these markers in the digestive tract of 9–24-week-old fetuses. Materials and Methods: We studied using immunohisto-
chemical techniques esophagus, stomach, small and large intestine tissue samples collected from 18 post mortem fetuses of 9–24 weeks. 
Results: HER2 and PTEN expression appears as early as the 9–12 weeks period in the digestive tract, but HER2 expression decreases in 
the 21–24 weeks period and then disappears. EGFR expression appears only during the 13–16 weeks period. The expression of p53 is 
strong until week 21, and then it is restricted to the deeper layers of the epithelium. Conclusions: Our findings suggest that these markers 
have role also in the fetal period and complete the scarce data found in literature about the expression of the studied markers in the 
development of the digestive tract. 
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 Introduction 

The general histological structure of the digestive tract 
is already established in the embryonic period, but the 
development of certain layers ends in the fetal period. 
Development along the digestive tract occurs from rostral 
to caudal, from right to left and from the inside to outside. 

Differentiation of the mucosa occurs in a similar 
manner in all segments of the digestive tract. Before post-
fertilization week six, the simple endodermal epithelium, 
which appears along with the bilaminar embryonic disc, 
transforms into stratified columnar primordial epithelium. 
During the week eight, the thick epithelium differentiates 
into tall simple or pseudostratified columnar epithelium. 
Between weeks 8 and 10, the latter quickly differentiates 
into the epithelium specific to each segment of the 
digestive tract [1]. 

The EGFR (epidermal growth factor receptor) acti-
vation is important in embryonic development, tissue 
homeostasis and wound healing [2]. EGFR-deficient mice 
presented proliferation, migration and differentiation 
disorders in the skin, central nervous system, digestive 
tract, lung, liver and kidney tissue [3]. Mutations leading 
to increased EGFR activity and overexpression were 
demonstrated in several tumors [2, 4, 5]. 

Several studies upheld the role played by HER2 
(human epidermal growth factor receptor-2) in the deve-
lopment of certain organ systems: heart; lungs; growth 
and differentiation of the epithelium [6–9]. 

The p53 protein has a role in embryonic morphogenesis 
[10, 11]; neuronal, osteogenic, myogenic, adipogenic 
differentiation and also in hematopoesis [12]. 

PTEN (phosphatase and tensin homologue) has role 

in embryogenesis, organization of the germ layers [13–15], 
the development of the lymphatic [16], skeletal [17, 18], 
and nervous systems, development of the thyroid gland, 
kidney [19], and also in neuronal differentiation [20]. 

The above-mentioned markers are studied in current 
studies mainly for their prognostic roles in the carcino-
genesis [7, 8, 21–30]. There are many questions in the 
current literature about the role of the HER2, PTEN, p53, 
EGFR in human development. Therefore, our goal is the 
comparative examination of the expression of these 
markers in the digestive tract of 12–24-week-old fetuses. 

 Materials and Methods 

We studied 18 post mortem fetuses of 9–24 weeks 
from the Laboratory of Histopathology, Emergency County 
Hospital of Tîrgu Mureş, Romania. Our study is approved 
by the Ethical Committee of the University of Medicine 
and Pharmacy of Tîrgu Mureş. The age of the fetuses was 
established based on the crown-rump length, and together 
with their gender, it was used to classify the fetuses into 
the groups shown in the table below (Table 1). 

Table 1 – Grouping of the fetuses based on their age 
and gender 

Age [weeks] Males Females Total 

9–12 – 1 1 

13–16 4 1 5 

17–20 3 2 5 

21–24 2 5 7 

Total 9 9 18 

We performed the dissection of the fetuses and 
collected samples from the esophagus, stomach, small 
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and large intestines. These samples were fixed in 4% 
formaldehyde overnight, and then embedded in paraffin. 
The 5-µm thick sections obtained from the paraffin 
embedded resection tissue specimens were routinely de-
waxed and rehydrated. The endogenous peroxidase was 
blocked by a 10 minutes 3% H2O2 bath. Antigen retrieval was 
performed by pressurized steam cooking for 20 minutes 
(Tris-HCl solution, pH 10 for HER2 and PTEN; citrate 
solution, pH 6 for p53 and EGFR). 

Non-specific protein binding was blocked by incu-
bation with LabVision UVBlock for five minutes. We 
used the following primary antibodies: HER2 (rabbit 
monoclonal antibody, clone SP3, LabVision), 1:50, 50 
minutes; p53 (mouse monoclonal antibody, clone DO-7, 
Diagnostic BioSystem) 1:100, 50 minutes; PTEN (mouse 
monoclonal antibody, clone PTN-18, Diagnostic BioSystem) 
1:25, 40C overnight and EGFR (mouse monoclonal, Ab-
10 clone 111.6, LabVision, Fremont, CA, USA), 1:25, 
overnight 40C. The UltraVision LPValue Large Volume 
Detection System HRP Polymer (LabVision) and DAB 
chromogen was used for detecting the primary antibodies. 
This was followed by Hematoxylin staining. 

In order to quantify and compare the HER2 immuno-
expression, we used the grading system described in the 
literature for digestive tract tumors: 0 (no staining), 1 (weak 
and not complete staining <10%), 2 (moderate and com-
plete staining >10%), 3 (strong and complete staining 
>10%) [31]. In case of p53 and PTEN, based on the per-
centage of stained cells, we considered negative staining 
if 0% of the cells were labeled, weak staining if 0–25% 
of the cells were labeled, moderate staining if 25–50% 
of the cells were labeled and strong staining if 50–100% 
of the cells were labeled. We used the sample recom-
mended by the manufacturer as positive control, and the 
samples not labeled by the primary antibody were used 
as negative controls. For EGFR, we used the intensity 
scale recommended by the manufacturer: (1+) weak, less 
than 10% of the cells showing a membrane reaction, 
located at the apical pole of the membrane and not 
surrounding the cell, (2+) moderate, more than 10% of 
the cells showing a membrane reaction, located at the 
apical and lateral aspects of the cell membrane, (3+) 
strong, more than 10% of the cells showing a membrane 
reaction completely surrounding the cell. 

 Results 

HER2 expression 

The expression of HER2 in the esophagus was poor 
(1+) in the 9–12 weeks period, then it increased to moderate 
(2+) intensity in the 13–16 and 17–20 weeks period. At 
the beginning of the 21–24 weeks period, the expression 
was strong (3+), then at the end of the period it decreased 
to poor intensity (1+) (Figure 1a). We observed a specific 
luminal enhancement. 

HER2 immunoexpression in the gastric mucosa appears 
only in the 13–16 weeks period, then on week 16 the 
intensity becomes moderate (2+), and at the end of the 
21–24 weeks period it reaches strong intensity (3+) 
(Figure 1a). Similar to the esophagus, the luminal enhan-
cement was also present in the gastric mucosa. 

In the small intestine, we found moderate (2+) HER2 

expression during the 13–16 weeks period, which decrea-
sed to poor (1+) intensity by the end of this interval. 
This poor intensity was also present in the 17–20 weeks 
period. At the beginning of the 21–24 weeks period, the 
expression increased to strong (3+) intensity, but it 
disappeared at the end of the period (Figure 1a). The 
luminal enhancement was present. 

Similar to the small intestine, HER2 expression was 
absent in the mucosa of the large intestine between weeks 
9 and 12, then at the beginning of the 13–16 weeks period 
it had moderate (2+) intensity. Later it decreased to poor 
(1+) intensity. At the end of the period, it became again 
moderate (2+). During the 17–20 weeks period the 
intensity remained moderate (2+), then at the beginning 
of the 21–24 weeks period it became strong (3+) 
(Figure 1b) and it disappeared at the end of the period 
(Figure 1a). Luminal enhancement was also observed in 
the large intestine. 

EGFR expression 

During the 9–12 weeks period, we observed a poor 
(1+) expression in the apical membrane of mucosa cells 
of the esophagus, which at the end of the 13–16 weeks 
period increased to a moderate (2+) intensity. At the 
beginning of the 17–20 weeks period the expression is 
characterized by poor (1+) intensity, but it becomes 
moderate (2+) again at the end of the period. At the 
beginning of the 21–24 weeks period, the expression is 
strong (3+), then to the end of the period it decreases to 
poor (1+) intensity (Figure 2a). 

In the stomach, we found poor (1+) expression during 
the 9–12 weeks period, which remained constant in the 
13–20 weeks period. At the beginning of the 21–24 weeks 
period, the intensity of the expression was moderate 
(2+), then it became strong (3+) at the end of the period 
(Figure 2a). 

The EGFR expression in the small intestine appeared 
only at the middle of the 13–16 weeks period with poor 
(1+) intensity and remained constant until the end of the 
period. In the beginning of the 17–20 weeks period it 
was moderate (2+), at the end of the period it became 
strong (3+). During the 21–24 weeks period the expression 
decreased to poor (1+) intensity (Figure 2a). 

In the large intestine, we did not find EGFR expression 
until the middle of the 13–16 weeks period. When it 
appeared, we observed poor (1+) intensity, which remained 
constant until the middle of the 17–20 weeks period. 
After this, until the end of the 17–20 weeks period the 
expression increased to moderate (2+) intensity. At the 
beginning of the 21–24 weeks period, we observed further 
increase (3+) of the expression (Figure 2b), which was 
followed by the disappearance of the expression at the 
end of the period (Figure 2a). 

P53 expression 

In the esophagus and the stomach, we found strong 
expression during the examined periods (Figure 3a). In 
the small and the large intestine, we found a uniform 
strong expression until the 21–24 weeks period. Sub-
sequently, the expression depends on the localization: 
stronger in the crypts than in the other parts of the 
epithelium (Figure 3b). 
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Figure 1 – (a) The modification of the HER2 expression in the gastrointestinal tract; (b) HER2 expression (3+) in 
colon, week 21, ×200. 

 
Figure 2 – (a) The modification of the EGFR expression in the gastrointestinal tract; (b) EGFR expression (3+) in 
colon, week 21, ×250. 

 
Figure 3 – P53 expression: (a) in esophagus, week 12, 400×; (b) in small intestine, week 21, ×100. 

PTEN expression 

PTEN expression in the esophagus during the 9–12 
weeks period is stronger (2+) in the superficial cells than 
in the deeper layers of the epithelium (1+) (Figure 4a). 
PTEN expression increases progressively in the deeper 
layers of the epithelium until the middle of the 13–16 
weeks period. At the end of the period, we found moderate 
(2+) expression in the whole of the epithelium, which 
subsist also in the 17–20 weeks period. However, during 
the 21–24 weeks period, we observed a strong (3+) PTEN 
expression (Figure 4b). 

We found moderate (2+) PTEN expression in the 
stomach during the 9–12 weeks period. During the 13–
16 and 17–20 weeks periods, the expression had strong 
(3+) intensity (Figure 4c). Moderate (2+) expression was 
observed during the 21–24 weeks period (Figure 4b). 

During the 9–12 weeks period, we found poor 
expression in the small intestine. At the beginning of the 
13–16 weeks period, the expression increased to moderate 
(2+) intensity, then starting from the middle of the 
period until to the end of the 21–24 weeks period we 
found strong (3+) intensity (Figure 4d). 
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In the large intestine, we observed poor (1+) expression 
until the middle of the 13–16 weeks period. From the middle 

of the period, until the end of the 21–24 weeks period, we 
found constant, moderate (2+) expression (Figure 4b). 

 
Figure 4 – (a) PTEN expression (2+) in esophagus, week 15, ×200; (b) The modification of the PTEN expression in 
the gastrointestinal tract; (c) PTEN expression (3+) in stomach, week 15, ×400; (d) PTEN expression (3+) in small 
intestine, ×200. 

 Discussion 

By activating a complex intracellular signaling path-
way, the HER2 receptor induces cell proliferation, differ-
entiation and migration, which is blocked by PTEN. At 
the same time, p53 causes apoptosis, and stops the cell 
cycle by stimulating PTEN [10, 13, 32]. Knowing the 
multi-faceted role in carcinogenesis of these markers and 
considering the paucity of literature data regarding their 
role in development, our study aims to examine HER2, 
PTEN, EGFR and p53 immunoexpression in different 
segments of the digestive tract. 

In the 9–12 weeks period, we found HER2 expression 
only in the esophagus, whilst in the other segments it 
appeared only in the 13–16 weeks period. During the 13–
20 weeks period, the HER2 expression was characterized 
by luminal enhancement and varying (poor–moderate) 
intensity, and subsequently, during the 21–24 weeks 
period, it was characterized by a sudden increase of the 
intensity, which was followed by the disappearance of 
expression. Most of the studies in the literature examined 
HER2 expression during embryonic development. High 
HER2 expression was observed in epithelial structures 
of E14 and E16 rat embryos [7]. Extensive HER2 
expression was observed in all three embryonic germ 
layers of human embryos, thus demonstrating the important 
role of HER2 in embryogenesis [8]. Contrary to our 

results, Quirke et al. (1989) found positive HER2 expression 
until week 12 of development in all segments of the human 
digestive tract, and they also described the luminal enhan-
cement [8]. 

Expression of EGFR was poor in all segments of the 
digestive tract during weeks 13–16. At the 17–20 weeks 
period, it became moderate, then at the beginning of the 
21–24 weeks period, its intensity increased, and subse-
quently decreased. The gastric mucosa was an exception 
because we observed increased expression at the end of 
the 21–24 weeks period also. Literature data about the 
first appearance of EGFR expression in the digestive tract 
is diverse. Similar to our results, Oliver (1988) observed 
poor expression in the villi of the digestive epithelium 
during week 16, which increased during weeks 18 and 
19. Also according to their findings, EGFR expression 
in the stomach first appears during week 17, and shows 
poor intensity. During weeks 18 and 19, similarly to the 
other segments of the digestive tract, its intensity increases 
[5]. Based on the above, Quirke et al. (1989) suggested 
that EGFR has a less important role in early fetal deve-
lopment than HER2, because EGFR expression cannot 
be observed in the digestive tract before week 16 [8]. 

According to Hormi & Lehy (1998), a moderate 
EGFR expression is observed in the epithelium of the 
esophagus as early as the 9–10 weeks period, then it 
disappears at the beginning of the 14–18 weeks period. 
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According to their findings, a poor expression appears 
at the end of the period, then it increases to moderate 
intensity by the end of the 20–24 weeks period. In case 
of the stomach, EGFR expression first appears during 
the 14–18 weeks period, and there are differences in the 
way it changes in different gastric areas. Similar to our 
findings, an increase in of gastric EGFR expression was 
observed during the 20–24 weeks period. However, in 
the small intestine, the intensity was poor in the villi and 
crypts during the 14–18 weeks period, then in the second 
part of the 20–24 weeks period strong EGFR expression 
was described. The differences between our findings and 
literature data regarding EGFR expression are possibly 
due to the use of different primary antibodies and different 
scoring systems [4]. 

We observed strong p53 expression in all segments 
of the digestive tract during the 9–21 weeks period, and 
subsequently p53 expression increased in the basal third 
of the small and large intestine crypts. According to 
literature data, p53 expression positively correlates with 
high proliferation activity in the embryonic period during 
organogenesis, then it decreases in human fetal tissues 
after the week 10 [33]. During the early stages of mouse 
embryonic development, p53 expression was observed 
in all of the tissues, but in later stages it becomes tissue 
specific (brain, liver, lungs, thymus, intestines, salivary 
glands, kidney) [11, 12]. In the stage of organogenesis 
and histogenesis it is heterogenic [11]. In later stages of 
organogenesis, p53 levels decrease, and it is hardly 
detectable in fully developed tissues [11, 12]. The multi-
layered endodermal epithelium of a 14.5 post coitum (p.c.) 
day mouse embryo showed a strong intensity p53 expression, 
then on the 16.5 p.c. day p53 expression increased in the 
intestinal crypts compared to the epithelium of the villi 
[11]. 

PTEN expression shows luminal enhancement in the 
esophagus during the 9–12 weeks period, then in the 13–
16 weeks period, it has a uniformly dispersed moderate 
expression throughout the epithelium, and in the 21–24 
weeks period it has a strong expression. Gastric PTEN 
expression is maximal during the 13–20 weeks period, 
and later it decreases to moderate intensity. In the small 
intestine, similar to the esophagus, the expression pro-
gressively increases during the 9–20 weeks period, and 
it reaches its maximum in the 21–24 weeks period. In the 
large intestine, a progressive increase was observed in the 
studied intrauterine periods. 

PTEN expression was demonstrated in many tissues 
during early stages of embryonic development. In later 
stages, the expression is tissue specific [19]. In case of 
the murine digestive tract, PTEN expression was noticed 
in early stages of development, then it was restricted to 
the epithelium of the small and large intestine, but it was 
present also in the gastric and esophageal epithelium 
[14]. Based on the literature data PTEN expression was 
relatively high in the human fetal esophageal epithelium, 
compared to earlier stages of development. Poor PTEN 
expression was observed on days 37 and 41 in the stomach. 
On week 17, PTEN expression was poor also in the 
epithelium of the small and large intestine [19]. 

 Conclusions 

Our results complete the scarce data found in literature 
about the expression of the studied markers in the deve-
lopment of the digestive tract. Poor HER2 and PTEN 
expression appears as early as the 9–12 weeks period in 
the digestive tract, whilst EGFR expression appears only 
during the 13–16 weeks period. The expression of HER2 
and EGFR decreases in the 21–24 weeks period and then 
disappears. The expression of p53 is strong until week 
21, and then it is restricted to the deeper layers of the 
epithelium, whilst the expression of PTEN progressively 
increases in the epithelial cells during the examined period 
and becomes uniform. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

References 
[1] Ernst LM, Ruchelli ED, Huff DS. Color atlas of fetal and 

neonatal histology. Springer, New York, 2011, 40–63. 
[2] Ceresa BP. Spatial regulation of epidermal growth factor 

receptor signaling by endocytosis. Int J Mol Sci, 2012, 14(1): 
72–87. 

[3] Wieduwilt MJ, Moasser MM. The epidermal growth factor 
receptor family: biology driving targeted therapeutics. Cell 
Mol Life Sci, 2008, 65(10):1566–1584. 

[4] Hormi K, Lehy T. Developmental expression of transforming 
growth factor-alpha and epidermal growth factor receptor 
proteins in the human pancreas and digestive tract. Cell 
Tissue Res, 1994, 278(3):439–450. 

[5] Oliver AM. Epidermal growth factor receptor expression in 
human foetal tissues is age-dependent. Br J Cancer, 1988, 
58(4):461–463. 

[6] Yarden Y. Biology of HER2 and its importance in breast 
cancer. Oncology, 2001, 61(Suppl 2):1–13. 

[7] Kokai Y, Cohen JA, Drebin JA, Greene MI. Stage- and 
tissue-specific expression of the neu oncogene in rat deve-
lopment. Proc Natl Acad Sci U S A, 1987, 84(23):8498–8501. 

[8] Quirke P, Pickles A, Tuzi NL, Mohamdee O, Gullick WJ. 
Pattern of expression of c-erbB-2 oncoprotein in human 
fetuses. Br J Cancer, 1989, 60(1):64–69. 

[9] Patel NV, Acarregui MJ, Snyder JM, Klein JM, Sliwkowski MX, 
Kern JA. Neuregulin-1 and human epidermal growth factor 
receptors 2 and 3 play a role in human lung development 
in vitro. Am J Respir Cell Mol Biol, 2000, 22(4):432–440. 

[10] Haupt S, Berger M, Goldberg Z, Haupt Y. Apoptosis – the 
p53 network. J Cell Sci, 2003, 116(Pt 20):4077–4085. 

[11] Schmid P, Lorenz A, Hameister H, Montenarh M. Expression 
of p53 during mouse embryogenesis. Development, 1991, 
113(3):857–865. 

[12] Molchadsky A, Rivlin N, Brosh R, Rotter V, Sarig R. p53 is 
balancing development, differentiation and de-differentiation 
to assure cancer prevention. Carcinogenesis, 2010, 31(9): 
1501–1508. 

[13] Oudit GY, Penninger JM. Cardiac regulation by phospho-
inositide 3-kinases and PTEN. Cardiovasc Res, 2009, 82(2): 
250–260. 

[14] Luukko K, Ylikorkala A, Tiainen M, Mäkelä TP. Expression 
of LKB1 and PTEN tumor suppressor genes during mouse 
embryonic development. Mech Dev, 1999, 83(1–2):187–
190. 

[15] Yamada KM, Araki M. Tumor suppressor PTEN: modulator 
of cell signaling, growth, migration and apoptosis. J Cell Sci, 
2001, 114(Pt 13):2375–2382. 

[16] Fayard E, Gill J, Paolino M, Hynx D, Holländer GA, Hemmings BA. 
Deletion of PKBalpha/Akt1 affects thymic development. PLoS 
One, 2007, 2(10):e992. 

[17] Ford-Hutchinson AF, Ali Z, Lines SE, Hallgrímsson B, Boyd SK, 
Jirik FR. Inactivation of Pten in osteo-chondroprogenitor cells 
leads to epiphyseal growth plate abnormalities and skeletal 
overgrowth. J Bone Miner Res, 2007, 22(8):1245–1259. 



Alexandru Ghizdavăţ et al. 

 

480 

[18] Hsieh SC, Chen NT, Lo SH. Conditional loss of PTEN leads 
to skeletal abnormalities and lipoma formation. Mol Carcinog, 
2009, 48(6):545–552. 

[19] Gimm O, Attié-Bitach T, Lees JA, Vekemans M, Eng C. 
Expression of the PTEN tumour suppressor protein during 
human development. Hum Mol Genet, 2000, 9(11):1633–
1639. 

[20] Lachyankar MB, Sultana N, Schonhoff CM, Mitra P, Poluha W, 
Lambert S, Quesenberry PJ, Litofsky NS, Recht LD, Nabi R, 
Miller SJ, Ohta S, Neel BG, Ross AH. A role for nuclear PTEN 
in neuronal differentiation. J Neurosci, 2000, 20(4):1404–
1413. 

[21] Zaczek A, Brandt B, Bielawski KP. The diverse signaling 
network of EGFR, HER2, HER3 and HER4 tyrosine kinase 
receptors and the consequences for therapeutic approaches. 
Histol Histopathol, 2005, 20(3):1005–1015. 

[22] Kang YH, Lee HS, Kim WH. Promoter methylation and 
silencing of PTEN in gastric carcinoma. Lab Invest, 2002, 
82(3):285–291. 

[23] Sawai H, Yasuda A, Ochi N, Ma J, Matsuo Y, Wakasugi T, 
Takahashi H, Funahashi H, Sato M, Takeyama H. Loss of 
PTEN expression is associated with colorectal cancer liver 
metastasis and poor patient survival. BMC Gastroenterol, 
2008, 8:56. 

[24] Perren A, Weng LP, Boag AH, Ziebold U, Thakore K, Dahia PL, 
Komminoth P, Lees JA, Mulligan LM, Mutter GL, Eng C. 
Immunohistochemical evidence of loss of PTEN expression 
in primary ductal adenocarcinomas of the breast. Am J Pathol, 
1999, 155(4):1253–1260. 

[25] McMenamin ME, Soung P, Perera S, Kaplan I, Loda M, 
Sellers WR. Loss of PTEN expression in paraffin-embedded 
primary prostate cancer correlates with high Gleason score 
and advanced stage. Cancer Res, 1999, 59(17):4291–4296. 

[26] Ertoy Baydar D, Özen H, Saraçbaşi O, Karabulut E. PTEN 
expression in primary prostate carcinoma in Turkish patients. 
Turk J Med Sci, 2008, 38(5):387–397. 

[27] Brenner W, Färber G, Herget T, Lehr HA, Hengstler JG, 
Thüroff JW. Loss of tumor suppressor protein PTEN during 
renal carcinogenesis. Int J Cancer, 2002, 99(1):53–57. 

[28] Hara S, Oya M, Mizuno R, Horiguchi A, Marumo K, Murai M. 
Akt activation in renal cell carcinoma: contribution of a 
decreased PTEN expression and the induction of apoptosis 
by an Akt inhibitor. Ann Oncol, 2005, 16(6):928–933. 

[29] Marsit CJ, Zheng S, Aldape K, Hinds PW, Nelson HH, 
Wiencke JK, Kelsey KT. PTEN expression in non-small-cell 
lung cancer: evaluating its relation to tumor characteristics, 
allelic loss, and epigenetic alteration. Hum Pathol, 2005, 
36(7):768–776. 

[30] Horie Y, Suzuki A, Kataoka E, Sasaki T, Hamada K, Sasaki J, 
Mizuno K, Hasegawa G, Kishimoto H, Iizuka M, Naito M, 
Enomoto K, Watanabe S, Mak TW, Nakano T. Hepatocyte-
specific Pten deficiency results in steatohepatitis and hepato-
cellular carcinomas. J Clin Invest, 2004, 113(12):1774–1783. 

[31] Atkins D, Reiffen KA, Tegtmeier CL, Winther H, Bonato MS, 
Störkel S. Immunohistochemical detection of EGFR in para-
ffin-embedded tumor tissues: variation in staining intensity 
due to choice of fixative and storage time of tissue sections. 
J Histochem Cytochem, 2004, 52(7):893–901. 

[32] Lian Z, Di Cristofano A. Class reunion: PTEN joins the nuclear 
crew. Oncogene, 2005, 24(50):7394–7400. 

[33] Lichnovský V, Kolár Z, Murray P, Hlobilková A, Cernochová D, 
Pospísilová E, Vojtĕsek B, Nenutil R. Differences in p53 and 
Bcl-2 expression in relation to cell proliferation during the 
development of human embryos. Mol Pathol, 1998, 51(3): 
131–137. 
 

 
 
 
 
 
 
Corresponding author 
Zsuzsanna Pap, Associate Professor, MD, PhD, Department of Anatomy and Embryology, University of Medicine 
and Pharmacy of Tîrgu Mureş, 38 Gheorghe Marinescu Street, 540141 Tîrgu Mureş, Romania; Phone +40265–
215 551, e-mail: papzsuzsa@yahoo.com 
 
 
 
 
 
 
Received: November 26, 2014 

Accepted: July 7, 2015 
 
 


