Significance of detecting IgH and TCRy gene
rearrangements in patients with hemopoietic
maligancies by real-time quantitative PCR
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ABSTRACT. The aim of our study was to investigate the association
of IgH and TCRy gene rearrangements in hematological malignancies
with the disease and clinical application. IgH and TCRy gene
rearrangements were determined in 69 paraffin and bone marrow
specimens with SYBR Green I fluorescent dye and RQ-PCR method,
including 21 paraffin-embedded tissues of the onset cases and 48
bone marrow samples, representing 15 ALL and 25 AML cases.
After chemotherapy, 8 cases were NHL; the 10 cases of the negative
control group were healthy people. Among the ALL cases, the IgH
rearrangement occurred in 80.0%, the TCRy rearrangement in 46.7%,
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and both gene rearrangements in 46.7%. Among the AML cases, the
IgH rearrangement occurred in 72.0%, the TCRy rearrangement in
68.0%, and both gene rearrangements in 60.0%. In the lymphoma cases,
the IgH rearrangement occurred in 93.1%, the TCRy rearrangement in
51.7%, and both gene rearrangements in 44.8%. In the negative control
group, the 10 cases were all negative. There was the phenomenon of
“sequence-non-fidelity” in the hematologic malignancies; the detection
rate of both genes was much higher than that of the single gene. The
application of the RQ-PCR method in the detection of IgH and TCRy
gene rearrangements in hematologic malignancies has important
clinical significance in MRD monitoring.

Key words: Real-time quantitative PCR; Fluorescent dye;
Hematological malignancies; IgH gene; TCRy gene; Gene rearrangement

INTRODUCTION

Hematologic malignancies (HM) include leukemia and malignant lymphoma.
Generally, leukemia includes lymphocytic leukemia originating from the lymphatic series
and non-lymphocytic leukemia not originating from the lymphatic series, while lympho-
ma is a malignant tumor originating from the lymphatic system. Currently, it is considered
that when pluripotent hematopoietic stem cells differentiate directly to lymphocytes, re-
arrangements may occur in immunoglobulin heavy chain (IgH) and T cell receptor gene
(TCRY). Therefore, rearrangements of IgH and TCRy gene could be used as markers of
cell cloning (van der Velden et al., 2003). In this study, the SYBR Green I fluorescent dye
and real-time quantitative PCR (RQ-PCR) method were used to quantitatively analyze the
rearrangements of the IgH and TCRy genes in bone marrow or peripheral blood collected
after treatment, aiming to explore the relationship between MRD and the patients’ clinics
and prognosis.

MATERIAL AND METHODS
Sourceof specimens

A total of 69 HM patients, confirmed by morphological, histochemical and immu-
nological diagnosis, were selected from the Department of Hematology, the Second Affili-
ated Hospital of Kunming Medical University, from June 2010 to December 2012, which
included 52 males and 17 females, aged 15-84 years old. There were 21 paraffin-embedded
tissue sections from patients at onset, including 17 cases of B-NHL, 3 cases of T-NHL, and 1
case of mantle cell lymphoma (MCL). There were 48 samples of bone marrow or peripheral
blood, which included 8 NHL cases after 2-6 courses of chemotherapy, 15 cases of ALL (12
B-ALL and 3 T-ALL), and 25 cases of AML. The pathological tissues of 5 diagnosed chronic
lymphadenitis cases and the bone marrows of 5 healthy individuals were taken as the negative
control. Lymphoma diagnosis was based on the classification criteria of WHO hematopoietic
and lymphoid tissue tumors (Jaffe et al., 2001).

Genetics and Molecular Research 14 (4): 12168-12177 (2015) ©FUNPEC-RP www.funpecrp.com.br



J. Yao et al. 12170

DNA extraction

DNA was extracted from blood in accordance with the kit instructions (Qiagen Co.,
Ltd., Germany), and a UV spectrophotometer was used to determine the DNA content and
purity. DNA samples were then cryopreserved at -20°C for future use.

DNA was extracted from paraffin-embedded tissue sections in accordance with the kit
instructions (Aidlab Biotechnologies Co., Ltd.).

RQ-PCR

The primers were synthesized by Shanghai Sangon Biotech Engineering Co., Ltd.,
and the synthesized primer sequences are shown in Table 1.

Table 1. Synthesized primer sequences.

Targeted gene Sequence
IgH Upstream primer: 5' ACA CGG CTC TGT ATT ACT GT 3'
Downstream primer: 5' GTG ACC AGG GT (A\C\G\T) CCT TGG CCC CAG 3'
B-actin Upstream primer: 5' AAC GGC TCC GGC ATG TGC AA 3'
Downstream primer: 5' CTT CTG ACC CAT GCC CAC CA3'
TCRy (Kido et al., 2003) Upstream primer: 5' TCT TCC AAC TGG GAA GGG AGA 3'

Downstream primer: 5' CCC TCT ATT ACC TTG GAA ATG 3'

PCR

The reaction mixture included 2 pLL DNA template, 23 puL prepared primer (formula-
tion ratio: 3.0 pL 10X buffer, 1.6 pL Mg?*, 0.5 uL dNTPs, 1.5 U Taq_DNA polymerase, 0.35
UM primer, 5 pL template, and ionized water to a total volume of 25 pL). The above reaction
system was added to the dedicated capillary of the RQ-PCR instrument, and the capillary
was placed in an ABI 7300 PCR instrument, and B-actin was used as the internal reference to
ensure the presence of DNA template and to eliminate false negatives. The above operation
carried out at low temperatures as much as possible. The amplification was performed accord-
ing to the following conditions: 1 cycle of 95°C for 10 min, followed by 40 cycles of 95°C for
155, 59.5°C for 25 s and 72°C for 1 min. The Dissociation Protocol program in the Gene Amp
5700 SDS software package was then used to analyze the temperature-solubility curves of the
amplified-product fluorescence (Figures 1 and 2), at 95°C for 15 s, 60°C for 1 min, 95°C for
15 s and 60°C for 15 s.

Standard curve

The RQ-PCR analysis results of the samples needed to be referred to the initial-copy-
number-known standard to come to the final conclusion. In this experiment, the IgH-positive
plasmid was used as the standard; after diluting 10-fold, its A,  value was determined with
a spectrophotometer. RQ-PCR amplification was then performed and standard amplification
curve obtained (Figure 3); the quantitative analysis of unknown samples could then be per-
formed. As shown in the standard curve, the slope was good (-4.826779), with high correlation
(r=-0.987939), indicating that quantitation would be accurate.
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Figure 1. Standard curve of the standard.
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Figure 2. Solubility curve of the IgH gene rearrangement. The peak was positive at about 88°C.
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Figure 3. Solubility curve of the TCRy gene rearrangement. The peak was positive at about 85°C.

Product specificity

Certain non-specific products, such as primer dimers, would absorb the fluorescent
signal. However, because the melting temperature (Tm) of the non-specific products was much
lower than the desired product, the melting curve could be used to separate the specific and
non-specific products. The Tm of the specific product exhibited a single, clear, high, sharp and
symmetrical fluorescence peak at about 88°C (IgH) and 85°C (TCRY), respectively, which was
defined as a positive expression. Conversely, the non-specific product did not exhibit a peak
or exhibited a broad peak, with a sharp peak inside, and it was considered negative. The above
difference indicated that the amplification product had strong specificity (Figures 1 and 2).

Statistical process

The SPSS10.0 statistical software was used, in which the four-fold table y? test exhib-
ited no significant difference (P < 0.05).

Agarose gel electrophoresis

Amplification product (10 pL) was mix with 2 pL. TAE buffer and electrophoresed
on a 2% agarose gel (90 V, 30 min), and the bands were observed under ultraviolet light. The
rearrangements of the IgH and TCRy genes would appear narrow bands at around 110 and 400
bp, respectively (Figures 4 and 5).
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Figure 4. Electrophoresis results of the IgH gene rearrangement. Lane I: marker, the bands from bottom to top
were 100, 200, 400, 750 and 1000 bp; lanes 2-5: B-NHL-positive (paraffin); lane 6: T-NHL-positive (paraffin);
lanes 7-9: T-NHL-positive (bone marrow); lanes 10-11: B-ALL-positive; lane 12: T-ALL-positive; lanes 13-14:
AM-negative; lanes 15-16: AML-positive; lane 17: normal negative control.
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Figure 5. Electrophoresis results of the TCRy gene rearrangement. Lane I: marker, the bands from bottom to
top were 100, 200, 400, 750 and 1000 bp; lanes 2, 3 and 5: B-NHL-negative; lane 4: B-NHL-positive; lanes 6-8:
T-NHL-negative; lane 9: T-NHL-positive; lane 10: B-ALL-negative; lane 11: B-ALL-positive; lane 12: T-ALL-
positive; lanes 13-16: AML-positive; lane 17: normal negative control.

RESULTS

Among the paraffin specimens, the IgH rearrangement occurred in 16 of the 17 B-
NHL cases (94.1%): 8 cases showed the TCRy rearrangement (47.1%), and 8 cases showed
both IgH and TCRy rearrangements (47.1%). In the case of mantle cell lymphoma (MCL),
both IgH and TCRy rearrangements occurred (100.0%). The 3 T-NHL cases, all had the IgH
rearrangement (100.0%): 1 case showed the TCRy rearrangement (33.3%), and 1 case showed
both IgH and TCRy rearrangements (33.3%). In the bone marrow specimens, 5 of the 6 post-
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chemotherapy B-NHL cases had the IgH rearrangement (83.3%): 2 cases showed the TCRy
rearrangement (33.3%), and both IgH and TCRy rearrangements (16.7%) occurred in 1 case.
Both IgH and TCRy rearrangements (100.0%) occurred in the 2 post-chemotherapy T-NHL
cases. Eighteen of the 25 onset AML cases showed the IgH rearrangement (72.0%); the TCRy
rearrangement occurred in 17 cases (68.0%), and both IgH and TCRy rearrangements oc-
curred in 10 cases (40.0%). Of the 12 onset B-ALL cases the IgH rearrangement occurred in
9 (75.0%); 5 cases showed the TCRy rearrangement (41.7%), and 5 cases showed both IgH
and TCRy rearrangements (41.7%). All 3 onset T-ALL cases showed the IgH rearrangement
(100.0%), while 2 cases had the TCRy rearrangement (66.7%), and 2 cases both IgH and
TCRy rearrangements (66.7%) (Table 2).

The sample spots with the same numbers in Figures 4 and 5 were the same specimens,
where 1 was the marker and 17 the negative control, and there was no specific band in them.
Samples 2-5 were B-NHL, and there were specific bands around 100 bp in Figure 4, while
only sample 4 exhibited the specific band around 400 bp in Figure 5. Samples 6-9 were T-
NHL, and there were specific bands around 100 bp in Figure 4, while only sample 9 exhibited
the specific band around 400 bp in Figure 5. Samples 10-11 were B-ALL, and there were spe-
cific bands around 100 bp in Figure 4, while only sample 11 exhibited the specific band around
400 bp in Figure 5. Sample 12 was T-ALL, exhibiting specific bands both in Figure 4 and 5.
Samples 13-16 were AML, and there were specific bands around 500 bp in Figure 5, while
only samples 15 and 16 exhibited the specific bands around 100 bp in Figure 4.

In the detection of both gene rearrangements in 69 positive cases, 37 cases became
negative, and there were 42 cases that were still positive for at least 1 gene rearrangement. Ten
of the 27 cases that became negative relapsed, and 25 of the 42 positive cases relapsed. The
recurrence rates were 3.7 and 42.9%, respectively, with a significant difference between the 2
groups (P <0.01).

Table 2. PCR amplification results of I[gH and TCRy genes in 69 HM cases.

Classification Clinical diagnosis N IgH (+) TCRy () IgH and TCRy (+)
Paraffin B-NHL 17 16 (94.1%) 8 (47.1%) 8 (47.1%)
Amphicyte tumor 1 1(100.0%) 1(100.0%) 1 (100.0%)
T-NHL 3 3 (100.0%) 1(33.3%) 1(33.3%)
Bone marrow B-NHL (after the chemotherapy) 6 5(83.3%) 2 (33.3%) 1(16.7%)
T-NHL (after the chemotherapy) 2 2 (100.0%) 2 (100.0%) 2 (100.0%)
AML (initial-onset) 25 18 (72.0%) 17 (68.0%) 10 (40.0%)
B-ALL (initial-onset) 12 9 (75.0%) 5(41.7%) 5 (41.7%)
T-ALL (initial-onset) 3 3 (100.0%) 2 (66.7%) 2 (66.7%)
Summary 69 57 (82.6%) 38 (55.1%) 30 (43.5%)
DISCUSSION

Previously, authors have agreed with the notion that the IgH gene rearrangement oc-
curred only in B lymphoid tumors and that the TCRy gene rearrangement occurred only in
T lymphoid tumors. In recent years, a number of studies have shown that the IgH and TCRy
gene rearrangements could also occur in other differentiation sequences: the IgH rearrange-
ment could occur in T-ALL, the TCRYy rearrangement could also occur in B-ALL and AML
as well, where this phenomenon is called the “sequence-non-fidelity” phenomenon (Greaves
et al., 1986). In this study, the RQ-PCR assay showed that among the 69 HM cases, the IgH
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rearrangement occurred in 57 cases (82.6%), the TCRy rearrangement occurred in 39 cases
(56.5%), and the IgH and TCRy rearrangements occurred simultaneously in 35 cases (50.7%),
while no rearrangement occurred in the healthy people. These percentages were higher than
those of previous studies, which could be related to the kit, primers and synthesis conditions,
PCR time, temperature, number of cycles and whether the DNA was contaminated during the
whole process. Bereczk et al. (2007) considered that the improved reaction conditions of the
amplification process could reduce the false negative and false positive rates of the amplifica-
tion. In this study, the IgH rearrangement of the T-NHL patients were all positive, which might
have been due to the case numbers being too small, so we would need increase the sample size
before a final conclusion. In B-NHL, B-ALL, T-ALL and AML, the “sequence-non-fidelity”
phenomenon could all be seen, namely that the TCRy rearrangement was detected in the pa-
tients with malignant B lymphocytes cloning, while the IgH rearrangement was detected in the
patients with malignant T lymphocytes cloning.

How to explain this “sequence-non-fidelity” phenomenon ? Some authors believe that
the IgH and TCRYy genes both belong to the Ig gene superfamily and that the sequences of these
two genes are very similar to each other. In such case, during the lymphocyte differentiation
process, the wrong double rearrangement may occur, or when the TCRy gene is rearranged,
its expression products may act as the signal to suppress the IgH gene rearrangement. But in
the situation of a tumor, the suppression function may be disorder, so the double cloned gene
rearrangement could occur (Davey et al., 1986). The detection of these gene rearrangements
could reflect the stage of the differentiation of leukemia cells (Davey et al., 1986). Therefore,
these monoclonal IgH and TCRy gene rearrangements could be used as specific markers of
HM and assist in the clinical diagnosis.

The patients in this study were treated with the standard chemotherapy of DA or IA
and achieved complete remission. The follow-up revealed that the complete remission rate
and 2-year survival rate of the IgH rearrangement group were significantly lower than those
of the negative IgH rearrangement group, indicating the IgH rearrangement may be a poor
prognostic factor in AML, which was consistent with the results of Kyoda et al. (1997). The
significance of TCRy rearrangement in AML has been little reported. In our study, the IgH
rearrangement occurred in 18 (72.0%) of the 25 AML cases, the TCRy rearrangement in 17
(68.0%), and the cross rearrangement in 10 (40.0%). Both IgH and TCRYy gene rearrangements
occurred in 7 of the 15 ALL cases, with the cross rearrangement rate being 46.7%. The results
of the 69 cases showed that the positive rate of the combined detection of rearrangement of
the above two genes in malignant lymphoma and leukemia was significantly higher than that
of single gene rearrangement detection, so the occurrence of a false negative result by the
detection of a single gene rearrangement could be avoided. The follow-up of the 69 patients
after their complete remission found that the recurrence rate of the positive patients was higher
than that of the negative patients, which was consistent with the results of Belada et al. (2007).
The Igh gene rearrangement results of the 29 NHL patients before and after treatment were
roughly the same as those obtained by Schmitt et al. (2006). Recently, the incidence of NHL
has increased year by year, with an annual increasing rate of 8-10% throughout the world
(Thieblemont et al., 2008), of extranodal NHL also continues to rise and accounts for 25-40%
of the same period’s NHL cases in Western countries (Zucca, 2008). The detection of the
TCRy gene rearrangement sequence, namely the malignant cloning of T cells, would be useful
in the molecular staging of the disease (Sra et al., 2005), so that the classifications of T and B
cell lymphoma would be much clearer.
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Minimal residual disease (MRD) is the root of acute leukemia recurrence. If the status
of MRD could be accurately assessed after chemotherapy, recurrence could be predicted in
advance, and survival could be effectively prolonged. Farmer et al. (2006) believed that the
persistence of MRD could indicate poor prognosis. Schuler and Dolken (2006) considered that
RQ-PCR could be used to detect the MRD magnitude levels in lymphoma or leukemia patients
before and after treatment, thereby to evaluate treatment effectiveness and predict recurrence
and to provide effective treatments before the appearance of the clinical symptoms, so as to
control disease progression. Nahas et al. (2007) studied and considered that there was some
value in the molecular biological detection methods that treated gene rearrangement as a mo-
lecular target. But there are still situations where the experimental test results do not appear
consistent with clinical situation; positive cases have been stable, while negative cases have
progressed, which still needs further study. Second, the conventional morphological examina-
tion cannot confirm the presence of MRD in the complete remission situation of leukemia, and
therefore, there is still a great need for much more sensitive prognostic indicators to predict
recurrence. At different detection times, MRD would have different predictive ability (Free-
man et al., 2008). Although the quick removal of the tumor is very important after the start
of treatment (Lacombe et al., 2009; Rubnitz et al., 2010), some investigators have found that
MRD levels in consolidation therapy have better predictive power (Kern et al., 2010; Buccisno
et al., 2012).

The conventional single gene rearrangement detection method would restrict the deter-
mination of MRD because of the specific problems in each gene rearrangement, we used the RQ-
PCR method to perform a dynamic and combined detection of the IgH and TCRy genes in HM.
This greatly improved the specificity and sensitivity of MRD detection, allowing a significant
understanding of the clinical situation, which would provide a guide for therapeutic intervention.
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