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Abstract 
OCT-2, a member of the POU homeodomain family of transcription factors, has been implicated in gastric 
cancer lymph node metastasis on a single publication so far. Other members of the same family of tran-
scription factors were found to have a role in intestinal metaplasia and gastric cancer (OCT-1) and in 
trophectoderm differentiation of embryonic stem cells (OCT3/4) via modulation of CDX2. These findings 
prompted us to evaluate whether OCT-2 could in fact have a role in gastric oncogenesis and lymph node 
metastasis in human gastric cancer, designing an immunohistochemistry study of the putative expres-
sion of OCT-2 on human gastric cancer tissue of 69 surgical archival specimens of intestinal and diffuse 
type. We could not find expression of OCT-2 on any of our cancer tissues, metaplasia or normal gastric 
mucosa despite the expression of OCT-2 on tonsil lymphatic cells (tissue test) and normal lymph nodes. 
We concluded that, based on immunohistochemistry, OCT-2 does not have a role in gastric oncogenesis 
nor does have any relationship with lymph node metastasis in gastric cancer. 

Keywords 
Gastric Cancer, Lymph Node Metastasis, OCT-2, Stem Cells 

 
 

1. Introduction 
OCT-2 is a member of the POU homeodomain family of transcription factors [1] and was originally identified as 
a factor which was expressed only in B Lymphocytes. Subsequently, the OCT-2 factor was also identified in 
neuronal cells [2]. OCT-2 protein is encoded by a single gene but the primary transcript can be spliced in a 
number of different ways to yield different protein variants with different activities. It has been shown that his 
alternative splicing is regulated differently in different cell types and that it may play an important role in the 
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normal development of mammals [3]. 
Recently, it was demonstrated that OCT-1, another member of the POU homeodomain family of transcription 

factors that share with OCT-2, the ability to recognize the canonical octamer motif (ATGCAAAT) that regulates 
the transcription of various genes, is over expressed in intestinal metaplasia and intestinal type carcinomas in 
human gastric cancer [4]. Also some experiments with high-density oligonucleotide microarray analysis sug-
gested that OCT-2 could be overexpressed in human gastric cancer with a significant statistical relationship with 
lymph node metastasis [5]. 

These observations prompted us to evaluate whether OCT-2 could in fact have a role in lymph node metasta-
sis in human gastric cancer. 

2. Tissue Samples and Population Data 
For the study of OCT-2 expression in human gastric cancer we set on using immuno histochemistry essay on 69 
paraffin-embedded samples from 69 gastric carcinomas obtained from patients undergoing gastrectomy in De-
partment of Surgery of the Hospital Santa Maria, Lisboa, Portugal (Table 1). These cancer cases are all fully 
documented for pathological and clinical staging. According with Lauren histological classification, 20 gastric 
cancers were of diffuse type and 49 were of intestinal type. Follow-up was in excess of 5 years. All were oper-
ated on with either a D1 or D2 lymph node dissection (16 to 25 lymph or 26 or more nodes harvested, respec-
tively), and thus a correct lymph node staging was available according with the AJCC/UICC 2002 edition (N0: 0 
lymph node metastasis; N1: 1 to 6 lymph node metastasis; N2: 7 to 15 lymph node metastasis and N3: >16 
Lymph node metastasis). Twenty four gastric cancers had no lymph node metastases (N0) and 45 presented with 
lymph node metastases (N+). Table 1 summarizes the data concerning the population being studied. Kaplan 
Meier life table analyzes were available in case OCT-2 expression was detected and results justified statistical 
analyzes. 

3. Materials and Methods 
Sections of 2 µm were cut from 69 appropriately selected archival paraffin blocks (material fixed in buffered 
formalin and embedded in paraffin). These were mounted on SuperFrost®Plus glass slides and dried at 80˚C for 
15 minutes.  

The sections were deparaffinised and hydrated. The endogenous peroxidase activity was blocked incubating 
the sections in a 1.5% Methanol solution with Hydrogen Peroxide for 10 minutes. 

Antigen unmasking was carried out in a microwave oven using a buffered Boric Acid solution pH 7.0, 0.02 M 
(Sigma Aldrich). 

Sections were incubated with rabbit polyclonal anti-Oct-2 (C-20) antibody (ref. Sc-233, Santa Cruz Biotech-
nology) at 1:500 in a humid chamber for 30 minutes at room temperature. The positive and negative controls 
were made in normal tonsil and lymph nodes. Negative control was obtained by the absence of the primary an-
tibody. Between incubations the slides were rinsed with a 0.04% phosphate-buffered saline (PBS, Biochrom AG) 
solution with Triton-X100. Signal amplification and detection was made with Dako REALTM EnVisionTM 
Detection System, Peroxidase/DAB+, Rabbit/Mouse (code K5007, Dako) for 25 minutes. DAB solution (3,3’- 
diaminobenzidine tetrahydrochloride) was used as the chromogen. The slides were counterstained with haema-
toxylin, dehydrated in increasing grades of ethanol, cleared in xylene and mounted in Entellan®. 
Nuclear staining was to expect, according to Santa Cruz data sheet and results with tissue test (tonsil lymphatic 
cells). It was decided, at first, that staining will be classified as negative if no staining was identified, weak (and 
also negative) if staining was clearly inferior to positive control, and positive only if staining was identical or 
slightly inferior to positive control. We also decided arbitrarily, that a least 10% of gastric cancer cells should 
stain positive in order to classify the tumor as expressing OCT-2. We were prepared to review these criteria ac-
cording with the different aspects to be seen during the study and for reasons that will be apparent below we 
tried a different OCT-2 vial from Santa Cruz and a different immunohistochemistry protocol on 35 of the above 
mentioned cancer tissue samples. 

4. Statistical Analysis 
Statistical analysis would be performed in order to evaluate association of the expression of OCT-2 with: the 
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Table 1. Population general data.                                                              

Age range 30 - 85  

Sex distribution Male 44 Female 25 

Gastric cancer type Intestinal 49 

 Diffuse 20 

Cancer localization Proximal third 12 

 Medial third 20 

 Distal third 37 

Lymphadenectomy D1 (16 to 25 nodes harvested) 47 

 D2 (more then 26 nodes harvested) 22 

T classification T1 10 

 T2 24 

 T3 33 

 T4 2 

N stage N0 24 

 N+ (1 or more lymph node metastases) 45 

TNM stage   

 IA 7 

 IB 14 

 II 9 

 IIIA 12 

 IIIB 7 

 IV 20 

 
Gastric cancer type, the T classification, the N and the TNM stages, and other population data. For this, it would 
be used the chi-square test and the differences with a p-value ≤ 0.01, would be considered statistically signifi-
cant. 

The Kaplan-Meier method would be performed to estimate the survival curve for these patients and in order 
to evaluate the effect of the expression of OCT-2 on the survival rate, the Logrank test would be used to com-
pare groups. Here also, only the p-value ≤ 0.01 would be considered statistically significant. 

5. Histological Findings and Results 
Although a significant unequivocal expression of OCT-2 was found in normal tonsil and lymph nodes on posi-
tive controls as expected, none of our cancer samples stained positive for OCT-2, either intestinal or diffuse type 
gastric cancer (Figure 1 and Figure 2), with or without lymph node metastasis. On occasions, lymph nodes near 
the carcinoma tissue stained positive for OCT-2 but no staining was present in cancer tissue, metaplasia or nor-
mal gastric mucosa (Figure 3). We even tried a different OCT-2 vial from Santa Cruz and a different immuno-
histochemistry protocol on 35 of our cases of cancer tissue samples but no staining was identified. We can 
therefore conclude with confidence that gastric cancer, either diffuse or intestinal type, do not express OCT-2. 
We can also conclude that normal gastric epithelia and metaplastic or dysplasic gastric epithelia do not express 
OCT-2. 

6. Discussion 
OCT-2 is a member of the POU homeodomain family of transcription factors, originally identified as a factor 
which was expressed in B Lymphocytes and subsequently identified in neuronal cells. OCT-2 protein is encoded  
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Figure 1. Intestinal gastric cancer.                      

 
Figure 2. Diffuse type gastric cancer.                    

 
Figure 3. Nuclear staining on mucosal lymphoid tissue 
in gastric cancer but no nuclear staining in cancer cells.         

 
by a single gene but the primary transcript can be spliced in a number of different ways. This alternative splicing 
is regulated differently in different cell types and that it may play an important role in the normal development 
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of mammals. 
Some experiments with high-density oligonucleotide microarray analysis with subsequent immunohisto-

chemistry confirmation suggested that OCT-2 could be overexpressed in human gastric cancer with a significant 
statistical relationship with lymph node metastasis, but for the best of our knowledge no further studies exist on 
this subject. 

OCT-2 transcription factor is also involved in the NF-KB cell signaling pathway which promotes cancer by 
inhibiting apoptosis of cancer cells and upregulates cytokines and growth factors which sustain cancer growth 
[6]. This cell signaling pathway is activated in chronic inflammation, a feature present in H. pylori infection of 
gastric mucosa, a recognized gastric carcinogenic agent. 

OCT-1, another member of the POU homeodomain family of transcription factors that share with OCT-2 the 
ability to recognize the canonical octamer motif (ATGCAAAT) that regulates the transcription of various genes, 
is over expressed in intestinal metaplasia and intestinal type carcinomas in human gastric cancer and binds to 
(Caudal-related homeobox2) CDX2 in gastric cells, a gene that encodes an intestine-specific transcription factor 
crucial for the regulation of proliferation and differentiation of intestinal cells.  

Also, it has been demonstrated that repression of two other transcription factors of the same family, OCT-3 
and OCT-4, can induce differentiation of embryonic stem cells (ES) in trophectoderm (TE), an effect mimicked 
by over expression of CDX2 [7]. 

These observations prompted us to evaluate whether OCT-2 could in fact have a role in gastric oncogenesis 
and lymph node metastasis in human gastric cancer. 

In this report we performed an immunohistochemistry assay on 69 archival paraffin blocks of gastric human 
tumors, obtained from patients undergoing gastrectomy in our Department of Surgery in Hospital Santa Maria, 
Lisboa, Portugal. All these gastric cancer cases are fully documented for correct pathological and clinical stag-
ing, histological classifications (WHO and Lauren) and follow-up equal or exciding 5 years. All were operated 
on with either a D1 or D2 lymph node dissection (16 to 25 lymph or 26 or more nodes harvested, respectively), 
and thus a correct lymph node staging was available according with the AJCC/UICC 2002 edition (Table 1). 

Despite application and double check of the immunohistochemistry procedures we were not able to find any 
expression of OCT-2 transcription factor in any of our gastric cancer samples, on either type of tumor, gastric 
metaplasia or gastric normal mucosa. Although based exclusively on immunohistochemistry tests, the fact that 
only one report was found linking to OCT-2 and gastric cancer [5], combined with the absence of further publish- 
ing on this subject by the same group, makes us conclude that, based on immunohistochemistry methods, OCT-2 
does not have a role in gastric oncogenesis and has no relationship with gastric cancer lymph node metastasis. 
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