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Abstract
AIM: To study the diagnostic value of immunoglobulin 
heavy chain (IgH) and T-cell receptor γ (TCR-γ) gene 
monoclonal rearrangements in primary gastric lympho-
ma (PGL).

METHODS: A total of 48 patients with suspected PGL 
at our hospital were prospectively enrolled in this study 
from January 2009 to December 2011. The patients 
were divided into three groups (a PGL group, a gastric 
linitis plastica group, and a benign gastric ulcer group) 
based on the pathological results (gastric mucosal 
specimens obtained by endoscopy or surgery) and 
follow-up. Endoscopic ultrasonography (EUS) and EUS-
guided biopsy were performed in all the patients. The 
tissue specimens were used for histopathological ex-
amination and for IgH and TCR-γ gene rearrangement 
polymerase chain reaction analyses.

RESULTS: EUS and EUS-guided biopsy were success-
fully performed in all 48 patients. In the PGL group (n  
= 21), monoclonal IgH gene rearrangements were de-
tected in 14 (66.7%) patients. A positive result for each 
set of primers was found in 12 (57.1%), 8 (38.1%), 
and 4 (19.0%) cases using FR1/JH, FR2/JH, and FR3/
JH primers, respectively. Overall, 12 (75%) patients 
with mucosal-associated lymphoid tissue lymphoma (n  
= 16) and 2 (40%) patients with diffuse large B-cell 
lymphoma (n  = 5) were positive for monoclonal IgH 
gene rearrangements. No patients in the gastric linitis 
plastica group (n  = 17) and only one (10%) patient in 
the benign gastric ulcer group (n  = 10) were positive 
for a monoclonal IgH  gene rearrangement. No TCR-γ 
gene monoclonal rearrangements were detected. The 
sensitivity of monoclonal IgH gene rearrangements 
was 66.7% for a PGL diagnosis, and the specificity was 
96.4%. In the PGL group, 8 (100%) patients with stage 
IIE PGL (n  = 8) and 6 (46.1%) patients with stage IE 
PGL (n  = 13) were positive for monoclonal IgH  gene 
rearrangements.

CONCLUSION: IgH gene rearrangements may be as-
sociated with PGL staging and may be useful for the di-
agnosis of PGL and for differentiating between PGL and 
gastric linitis plastica. 

© 2013 Baishideng. All rights reserved.

Key words: Immunoglobulin heavy chain; T-cell recep-
tor γ; Gene rearrangement; Primary gastric lymphoma; 
Endoscopic biopsy specimen

Core tip: In 2003, a new primer system was successful-
ly developed and standardized for the detection of clon-
ally rearranged immunoglobulin (Ig) and T-cell receptor 
(TCR) genes. This study was a prospective analysis of 
Ig heavy chain (IgH) and TCR-γ gene rearrangements 
using the new primer system and endoscopic biopsy 
specimens from patients with suspected primary gastric 
lymphoma (PGL). Our study revealed that the detec-
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tion of monoclonal IgH gene rearrangements is useful 
for the diagnosis of PGL and for differentiating between 
PGL and gastric linitis plastica. Monoclonal IgH  gene 
rearrangements may be associated with PGL staging. 
The sensitivity and the specificity of IgH  gene rear-
rangements for the diagnosis of PGL were 66.7% and 
96.4%, respectively.
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INTRODUCTION
Primary gastric lymphoma (PGL) is a relatively rare tumor 
type that accounts for 5% of  all gastric tumors[1]. Gastros-
copy and biopsy are the primary methods for diagnosis. 
However, most PGLs arise in the submucosa, and the 
diagnosis of  PGL by gastroscopy and biopsy is often dif-
ficult. An endoscopic presentation of  polypoid lesions, flat 
lesions, enlarged gastric folds, ulcers, erosions, and negative 
or inconclusive histology may lead clinicians to suspect 
gastric lymphoma[2-8]. It is recommended that biopsy speci-
mens undergo histomorphological, immunohistochemical, 
and immunophenotypic analyses for a diagnosis of  gastric 
lymphoma. However, these methods may not lead to a di-
agnosis, especially in the early stages of  the disease.

Immunoglobulin (Ig) and T cell receptors (TCRs) are 
the molecules responsible for B- and T-cell immune re-
sponses. The analysis of  antigen receptor gene rearrange-
ments by polymerase chain reaction (PCR) is a routine 
diagnostic tool for lymphoproliferative disorders[9].

Previous studies have demonstrated that Ig gene rear-
rangements in endoscopic biopsy samples were an addi-
tional tool for the diagnosis of  gastric mucosal-associated 
lymphoid tissue (MALT) lymphoma[10-15]. In previous 
studies, the primers and PCR conditions were not stan-
dardized. Multiplex PCR assays have been available since 
2003, and these assays have been standardized for the de-
tection of  clonally rearranged Ig and TCR genes[16]. How-
ever, multiplex PCR assays for the detection of  Ig heavy 
chain (IgH) and TCR-γ gene rearrangements in PGL have 
not been previously reported. The aim of  this study was 
to investigate the detection rate and the diagnostic value 
of  IgH and TCR-γ gene monoclonal rearrangements in 
PGL endoscopic biopsy specimens.

MATERIALS AND METHODS
Patients
A total of  48 patients with suspected PGL at our hospital 
were prospectively enrolled in this study from January 
2009 to December 2011. The patients were divided into 
three groups based on the pathological results (gastric 

mucosal specimens obtained by endoscopy or surgery) 
and follow-up. The PGL group consisted of  21 patients 
(14 males, 7 females, a mean age of  51 years, range 20-81 
years). The gastric linitis plastica group consisted of  17 
patients (11 males, 6 females, a mean age of  53 years, 
range 17-79 years). The benign gastric ulcer group con-
sisted of  10 patients (7 males, 3 females, a mean age of  
47 years, range 22-76 years). 

Methods
Patients who met the criteria for suspected gastric lym-
phoma (an endoscopic presentation of  polypoid lesions, 
flat lesions, enlarged gastric folds, ulcers, erosions, and 
negative or inconclusive histology) were included in the 
study. Patients with palpable superficial lymphadenopathy, 
obvious mediastinal lymphadenopathy, abnormal total 
and differential white blood cell counts, and the involve-
ment of  other organs in the abdomen were excluded 
from the study.

Informed consent was obtained from all the patients 
and this study was approved by the hospital before endo-
scopic ultrasonography (EUS) and the medical records 
analysis. EUS and EUS-guided biopsy were performed 
in all the patients. Overall, 8-10 biopsies were obtained 
from each patient. The specimens were submitted for his-
topathological examination. A portion of  each specimen 
was stored at -80 ℃ for the gene rearrangement analysis 
by PCR.

DNA was isolated from frozen tissue by cell lysis, 
phenol extraction, and ethanol precipitation according to 
standard procedures. Alternatively, reactive DNAzol (Son-
gon Biotech, Shanghai, China) was used according to the 
manufacturer’s specifications. In each experiment, poly-
clonal DNA (reactive lymphoid tissue) and negative (sterile 
water) and positive controls were systematically included. 
To analyze the IgH gene, three sets of  VH primers and 
one JH consensus primer were combined in three multi-
plex tubes. To analyze the TCR-γ gene, four Vγ primers 
and two Jγ primers were divided into two tubes (Table 1).

The PCR conditions were × 1 PCR buffer [50 mmol/
L KCl, 10 mmol/L Tris (pH, 8.3), 1.5 mmol/L MgCl2], 
200 µmol/L of  each deoxynucleotide, 10 pmol of  each 
primer, and 2 U of  Taq polymerase (Songon Biotech, 
Shanghai, China). The total PCR reaction volume was 50 
μL. The thermal cycling conditions were pre-activation 
for 7 min at 95 ℃, followed by annealing at 60 ℃. Each 
reaction consisted of  35 cycles. The cycles were preceded 
by an initial denaturation step for 45 s, followed by a ter-
minal extension for 10 min.

Patients with PGL were staged at baseline using com-
puted tomography scans of  the neck, the thorax, and the 
abdomen, followed by EUS and bone marrow biopsy. 
EUS staging was performed according to the Ann Arbor 
staging system[10].

RESULTS
EUS and EUS-guided biopsy were successfully per-
formed in all 48 patients. In the PGL group, monoclonal 
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IgH gene rearrangements were detected in 14 (66.7%) 
patients. Positive results for each set of  primers were ob-
tained in 12 (57.1%), 8 (38.1%), and 4 (19.0%) cases us-
ing FR1/JH, FR2/JH, and FR3/JH primers, respectively 
(Figure 1). No patients in the gastric linitis plastica group 
were positive for a monoclonal IgH gene rearrangement. 
In the benign gastric ulcer group, a monoclonal IgH gene 
rearrangement was detected in one (10%) patient. Over-
all, no TCR-γ gene monoclonal rearrangements were de-
tected. For the diagnosis of  primary gastric lymphomas, 
the sensitivity of  the monoclonal IgH gene rearrange-
ments was 66.7% and the specificity was 96.4%.

In the PGL group, the clinical stage distribution was 
as follows: IE in 13 patients and IIE in 8 patients. All 8 
(100%) patients with stage IIE PGL were positive for 
monoclonal IgH gene rearrangements. Additionally, 6 
(46.1%) patients with stage IE PGL were positive for 
monoclonal IgH gene rearrangements. The PGL group 
consisted of  16 patients with MALT lymphoma and 5 

patients with diffuse large B-cell lymphoma (DLBCL). 
In the patients with MALT lymphomas, 12 (75%) were 
positive for monoclonal IgH gene rearrangements. In the 
patients with DLBCL, 2 (40%) were positive for mono-
clonal IgH gene rearrangements.

In the benign gastric ulcer group, patients were 
treated with a proton-pump inhibitor (esomeprazole 20 
mg daily) for 8-16 wk. Repeated endoscopies revealed 
that the gastric ulcers were completely healed in all the 
patients. All the patients were followed up for 12-18 mo, 
and no malignant gastric lesions were found.

DISCUSSION
Antigen receptor gene rearrangement in lymphocytes is 
a physiological process. Tumor cells that originate from 
lymphocytes often carry the same Ig and TCR gene rear-
rangements (monoclonal), whereas T and B cells have a 
unique type of  rearrangement in benign lymphoid disor-
ders (polyclonal). Antigen receptor gene rearrangement 
analysis is useful in differentiating between malignant 
lymphoproliferative disorders and non-neoplastic lym-
phoid disorders. There are several PCR targets for the 
detection of  Ig and TCR rearrangements. Three multi-
plex PCR assays are available for the detection of  clonal 
IgH (VH-JH) rearrangements, and these assays can reli-
ably identify clonal B-cell proliferation and TCR-γ gene 
monoclonal rearrangements that occur in most T-cell 
lymphoid neoplasms[16]. IgH (VH-JH) and TCR-γ are the 
most common PCR targets for detecting Ig and TCR re-
arrangements.

In the PGL group, the positive rate of  monoclonal 
IgH gene rearrangement in patients with stage IIE PGL 
was 100% but only 46.1% in patients with stage IE PGL. 
Previous studies have demonstrated that the positive rate 
of  monoclonal IgH gene rearrangements was associated 
with histological grading (the histological grading of  lym-
phoid infiltrates in the stomach according to the Wother-
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The detection of immunoglobulin heavy chain (IgH) gene rearrangement 
using three sets of VH primers and one JH consensus primer combined 
in three multiplex tubes. The detection of T-cell receptor γ (TCR-γ) gene 
rearrangement using four Vγ primers and two Jγ primers, which were 
divided into two tubes. 

1        2        3        4        5        6
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Figure 1  The results of immunoglobulin heavy chain gene rearrangement 
using FR1/JH primers. Lanes 1, 5, and 6 indicate a positive B-cell gastric 
lymphoma cell line, a negative control (sterile water), and a polyclonal control, 
respectively. Lanes 2, 3, and 4 show the presence of a monoclonal rearranged 
band that is within the expected range of size (242-331 bp). 
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Table 1  Primer sequences

Gene Sequence

IgH tube A
VH1-FR1 5’GGCCTCAGTGAAGGTCTCCTGCAAG3’
VH2-FR1 5’GTCTGGTCCTACGCTGGTGAAACCC3’
VH3-FR1 5’CTGGGGGGTCCCTGAGACTCTCCTG3’
VH4-FR1 5’CTTCGGAGACCCTGCCCTCACCTG3’
VH5-FR1 5’CGGGGAGTCTCTGAAGATCTCCTGT3’
VH6-FR1 5’TCGCAGACCCTCTCACTCACCTGTG3’
JH consensus 5'CTTACCTGAGGAGACGGTGACC3'
IgH tube B
VH1-FR2 5’CTGGG TGCGA CAGGC CCCTG GACAA3’
VH2-FR2 5’TGGAT CCGTC AGCCC CCAGG GAAGG3’
VH3-FR2 5’GGTCC GCCAG GCTCC AGGGA A3’
VH4-FR2 5’TGGAT CCGCC AGCCC CCAGG GAAGG3’
VH5-FR2 5’GGGTG CGCCA GATGC CCGGG AAAGG3’
VH6-FR2 5’TGGAT CAGGC AGTCC CCATC GAGAG3’
VH7-FR2 5’TTGGG TGCGA CAGGC CCCTG GACAA3’
JH consensus 5'CTTACCTGAGGAGACGGTGACC3'
IgH tube C
VH1-FR3 5’TGGAG CTGAG CAGCC TGAGA TCTGA3’
VH2-FR3 5’CAATG ACCAA CATGG ACCCT GTGGA3’
VH3-FR3 5’TCTGC AAATG AACAG CCTGA GAGCC3’
VH4-FR3 5’GAGCT CTGTG ACCGC CGCGG ACACG3’
VH5-FR3 5’CAGCA CCGCC TACCT GCAGT GGAGC3’
VH6-FR3 5’GTTCT CCCTG CAGCT GAACT GTGTG3’
VH7-FR3 5’CAGCA CGGCA TATCT GCAGA TCAG3’
JH consensus 5'CTTACCTGAGGAGACGGTGACC3'
TCR-γ tube A
Vγ1f 5’GGAAG GCCCC ACAGC RTCTT3’
vγ10 5’AGCATGGGTAAGACAAGCAA3’
Jγ1.1/2.1 5’TTACCAGGCGAAGTTACTATGAGC3’
Jγ:1.3/2.3 5’GTGTTGTTCCACTGCCAAAGAG3’
TCR-γ tube B
Vγ9 5’CGGCA CTGTC AGAAA GGAATC3’
Vγ11 5’CTTCC ACTTC CACTT TGAAA3’
Jγ1.1/2.1 5’TTACCAGGCGAAGTTACTATGAGC3’
Jγ:1.3/2.3 5’GTGTTGTTCCACTGCCAAAGAG3’
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main problems with PCR techniques: improper primer 
annealing and difficulties in discriminating between 
monoclonal and polyclonal Ig/TCR gene rearrange-
ments[16,21,22]. Single-strand conformation polymorphism 
analysis, denaturing gradient gel electrophoresis, hetero-
duplex analysis, or gene scanning may be performed to 
reduce false-positive and false-negative rates[16,23-26].

In this study, there was one patient with false-negative 
results in the PGL group. The three endoscopic biopsies 
for this patient were negative, but the PCR results for a 
monoclonal IgH gene rearrangement were always posi-
tive. Autoimmune diseases were excluded. The patient 
was followed up for 7 mo and was diagnosed with PGL 
based on the fourth endoscopic biopsy. In addition, Fend 
et al[14] reported that the detection of  clonal rearrange-
ments in the biopsy specimens from two patients pre-
ceded the histological diagnosis of  lymphoma by several 
mo. Because the detection of  clonal rearrangements can 
precede a histological diagnosis, we suggest that patients 
with suspected PGL and positive results for IgH rear-
rangements need close follow-up.

In conclusion, the presence of  an IgH gene rear-
rangement is useful for the diagnosis of  PGL and for 
differentiating between PGL and gastric linitis plastica. 
Additionally, IgH gene rearrangements may be associated 
with PGL staging.
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spoon-Isaacson histological scoring system). Aiello et al[10] 
reported that monoclonal IgH gene rearrangements were 
detected in 64.2%, 41.6%, and 3.1% of  samples with his-
tological grading scores of  5, 4, and 0-3, respectively. Ad-
ditionally, the results of  this study suggest that the posi-
tive rate of  monoclonal IgH gene rearrangements may be 
associated with PGL staging. 

In the PGL group, 75% (12/16) of  MALT lymphoma 
patients were positive for monoclonal IgH gene rear-
rangements. However, only 40% (2/5) of  DLBCL pa-
tients were positive for monoclonal IgH gene rearrange-
ments. A previous study reported that the positive rate of  
monoclonal IgH gene rearrangements in MALT lympho-
ma patients ranged from 62.5%-98.5%[10-13]. In the series 
in this study, a similar rate was observed for monoclonal 
IgH gene rearrangements in MALT lymphoma patients. 
Thériault et al[17] reported that the positive rate of  mono-
clonal IgH gene rearrangements in DLBCL patients was 
78.9% (30/38). However, the specimens in the study in-
cluded lymph nodes, tonsils, spleens, bone marrow, skin 
biopsies, and gastrointestinal tract samples. In this study, 
the positive rate for DLBCL patients was lower than that 
in the previous study. In addition, recent studies have 
demonstrated that the detection rate of  monoclonal IgH 
gene rearrangement was closely associated with the cell 
origin of  lymphomas[9].

The differential diagnosis between gastric linitis plas-
tica and PGL is not easy for a physician to determine. 
PGL and gastric linitis plastica usually result in low rates 
of  positive endoscopic biopsies

[18]
. In this series, the first 

endoscopic biopsies from PGL and gastric linitis plastica 
patients were all negative. The distinction between PGL 
and gastric linitis plastica is important because of  the 
different prognoses of  these diseases. In this study, 14 
(66.7%) patients in the PGL group were positive for a 
monoclonal IgH gene rearrangement; however, no IgH 
gene rearrangements were detected in the patients in the 
gastric linitis plastica group. One case of  gastric cancer 
was positive for a monoclonal IgH gene rearrangement. 
The patient was diagnosed with carcinoma accompanied 
by lymphoma

[12]
. This result suggests that the detection 

of  IgH gene rearrangements may be helpful in differenti-
ating between PGL and gastric linitis plastica.

According to previous studies, monoclonal rear-
rangements involving IgH genes were detected in 3% of  
lymphoid disorders that were benign based on clinical 
and immunohistological evaluations, which is consistent 
with the findings of  this study[19]. The majority of  these 
patients suffered from autoimmune diseases, including 
rheumatoid arthritis, systemic lupus erythematous, and 
Sjögren’s syndrome. These diseases are characterized by 
polyclonal B-cell activation and autoantibodies[20]. In the 
series in this study, a monoclonal IgH gene rearrangement 
was detected in one patient who was suffering from a be-
nign gastric ulcer. Additionally, this patient had suffered 
from Sjögren’s syndrome for several years.

Gene rearrangement studies can be informative; how
ever, false-positive and false-negative PCR results are 
problematic. According to previous studies, there are two 
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