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Abstract: Objective: To assess the value of immunoglobulin and T-cell receptor gene rearrangements in the diagno-
sis and differential diagnosis of angioimmunoblastic T-cell lymphoma. Methods: We selected 55 cases of angioim-
munoblastic T-cell lymphoma confirmed by histopathology and 15 cases of reactive lymph node hyperplasia. Using 
the IdentiClone gene rearrangement detection kit, BIOMED-2 primer system, and GeneScanning analysis, we tested 
for immunoglobulin and T-cell receptor gene rearrangements. Results: Among all 55 angioimmunoblastic T-cell lym-
phoma cases, 1 (2%) displayed the first type of angioimmunoblastic T-cell lymphoma, which has an intact lymphoid 
follicle structure. Five cases (9%) displayed the second type, which has an intact segmental lymphatic follicular 
structure. Forty-nine cases (89%) displayed the third type, which is characterized by a complete obliteration of the 
lymphatic follicular structure. Fifty-two cases (95%) had tumor cells that were positive for CD3, 50 cases (91%) were 
positive for CD4, 33 cases (60%) were positive for Bcl-6, 20 cases (36%) were positive for CD10, 44 cases (80%) 
were positive for CXCL13 to different degrees, and 53 cases (96%) showed a strong positive expression of CD21. 
Ki67 expression intensity was 30-80% in tumor T cells. Clonal gene rearrangements were identified in 48 of the 55 
angioimmunoblastic T-cell lymphoma cases (87%), of which 30 (55%) displayed IG gene rearrangements, includ-
ing IGHA (7 cases; 13%), IGHB (6 cases; 11%), IGHC (2 cases; 4%), IGKA (22 cases; 40%), IGKB (6 cases; 11%), 
and IGL (20 cases; 36%). TCR gene rearrangements were observed in 32 cases (58%), including TCRBA (6 cases; 
11%), TCRBB (5 cases; 9%), TCRBC (10 cases; 18%), TCRD (7 cases; 13%), TCRGA (22 cases; 40%), and TCRGB (16 
cases; 29%). IG and TCR gene rearrangements were concurrently observed in 14 cases (25%). Immunoglobulin or 
TCR clonal gene rearrangements were not detected in the 15 cases of reactive hyperplasia. Conclusions: Angioim-
munoblastic T-cell lymphomas may be positive for immunoglobulin or T-cell receptor clone gene rearrangements or 
may express double rearrangements. The assessment of clonal gene rearrangements is valuable for the diagnosis 
and differential diagnosis of angioimmunoblastic T-cell lymphoma.
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Introduction

Angioimmunoblastic T-cell lymphoma (AITL) is a 
rare and aggressive subtype of lymphoma but 
accounts for a major subset of peripheral T-cell 
lymphomas. AITL is characterized clinically by 
the sudden onset of its constitutional symp-
toms, which include lymphadenopathy, hepato-
splenomegaly, hypergammaglobulinemia, and 
in particular, hemolytic anemia [1-5]. AITL 
causes a unique stromal reaction, and its 
pathologic characteristics include polymorphic 

T-cell infiltration, high venous endothelial pro- 
liferation, follicular dendritic-cell proliferation, 
polyclonal B-cell infiltration, and inflammatory 
cell infiltration. AITL is often associated with 
Epstein-Barr virus (EBV) infection. The tumor 
cells originate from the auxiliary T lymphocytes 
in the germinal center. 

The typical histologic features of AITL inclu- 
de the following: (1) The lymph nodes contain 
polymorphic small- to medium-sized lympho-
cytes with a transparent cytoplasm, round or 
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ovoid nucleus, and small nucleoli. (2) There  
are large, scattered immunoblast-like cells, 
which have one or two nucleoli and a basop- 
hilic cytoplasm; (3) There is obvious hyperplasia 
of the high endothelial branched vein, and  
the endothelial cells are swollen. The blood ves-
sel cells with a hyaline cytoplasm are often  
surrounded by atypical lymphocytes. (4) There 
is a proliferation of follicular dendritic cells with 
a “branch” or “windblown” shape. (5) The back-
ground of inflammatory cells includes small 
lymphocytes, eosinophils, plasma cells, and 
histocytes. (6) The peripheral sinus of the 
lymph nodes is often present, and the periph-
eral fatty tissue is infiltrated by the tumor 
tissue.

AITL can be categorized into three types. Type 1 
is rare, and its early pathologic changes consist 
of an intact lymphoid follicle structure and T 
area expansion only. Type 2 is characterized by 
an intact segmental lymphatic follicular struc-
ture. Type 3 is characterized by a complete 
obliteration of the lymphatic follicular structure 
[6]. The first two types are frequently observ- 
ed in T-area reactive hyperplasia. The third type 
is relatively common and often needs to be dis-
tinguished from peripheral T-cell lymphoma, 
not otherwise specified (PTCL-NOS), classical 
Hodgkin’s lymphoma, and T-cell-rich large B 
cell lymphoma.

We used the BIOMED-2 primer design system, 
the IdentiClone gene rearrangement detection 
kit, and the GeneScanning method to assess 
clonality and detect immunoglobulin (IG) and 
T-cell receptor (TCR) gene rearrangements in 
55 cases of AITL and 15 cases of reactive 
hyperplasia. 

Materials and methods

Case information

A total of 55 excised AITL samples collected by 
the pathology department at Xiangya Hospital 
from October 2012 to October 2016 were used 
for the study. Of the 55 cases, 39 were from 
males, and 16 were from females. The age of 
the patients from whom the samples were 
obtained ranged from 36 to 78 years (mean 
age, 61). The control group was composed of 
15 cases of reactive lymphoid hyperplasia.

Reagents

The following antibodies were used: CD3, CD4, 
CD10, CD21, CD20, PAX-5, CXCL13, Ki67, and 
Bcl-6. All antibodies were purchased from the 
Fuzhou Maixin company (Fuzhou, China). The 
IdentiClone™ B-Cell Clonality Assay Kit was 
purchased from InVivoScribe Technologies, and 
the 20 bp DNA Ladder and 10x loading buffer 
were purchased from Takara. GelRed dye was 
purchased from BioTium, AmpliTaq Gold Taq 
from ABI, and DNA FFPE tissue kit from Xiamen 
Aide Biomedicine Limited company.

Immunohistochemical (IHC) experiments

The detailed procedure was given previously 
[7-9]. All specimens were fixed using 10% neu-
tral formalin. Dehydration, paraffin embedding, 
serial sectioning, and conventional hematoxy-
lin-eosin (HE) and IHC staining were performed. 
IHC staining was performed using the streptav-
idin-peroxidase (SP) method. We used 4-μm 
thick paraffin sections with a conventional 
dewaxing method, and distilled water was used 

Table 1. The BIOMED-2 standardized gene rearrangement primer system
Primers tube Primer pairs Product fragment (bp)
IGH-A VH1-FR1 + VH2-FR1 + VH3-FR1 + VH4-FR1 + VH5-FR1 + VH6-FR1 + JH consensus 310~360

IGH-B VH1-FR2 + VH2-FR2 + VH3-FR2 + VH4-FR2 + VH5-FR2 + VH6-FR2 + VH7-FR2 + JH consensus 250~295

IGH-C VH1-FR3 + VH2-FR3 + VH3-FR3 + VH4-FR3 + VH5-FR3 + VH6-FR3 + VH7-FR3 + JH consensus 100~170

IGK-A Vκ1f/6 + Vκ2f + Vκ3f + Vκ4f + Vκ5f + Vκ7f + Jκ1-4 + Jκ5 120~160 + 190~210 + 260~300

IGK-B Vκ1f/6 + Vκ2f + Vκ3f + Vκ4f + Vκ5f + Vκ7f + INTR + κde 210~250 + 270~300 + 350~390

IGL Vλ1/2 + Vλ3 + Jλ1/2/3 135~170 

TCRBA 23Vβ + 9Jβ (Jβ1.1-1.6 + Jβ2.2 + Jβ2.6 + Jβ2.7) 260

TCRBB 23Vβ + 4Jβ (Jβ2.1-2.5) 260

TCRBC Dβ1 + Dβ2 + 13Jβ 300, 190

TCRGA Jγ1.1/1.2 + Vγ1f + Jγ1.3/2.3 + Vγ10 145-255

TCRGB Jγ1.1/1.2 + Vγ11 + Vγ9 + Jγ1.3/2.3 80-140, 160-220

TCRD Vδ1-Jδ1, Vδ2-Jδ1, Vδ2-Jδ3, Vδ3-Jδ1, Vδ6-Jδ2, Dδ2-Jδ1 120-280
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for washing. Microwave antigen retrieval was 
performed. The sections were placed in 0.01 
mL citric acid antigen retrieval liquid, processed 
using microwave heat for two 5-min cycles, 
washed in distilled water, and placed in PBS. 
Next the sections were incubated in 3% metha-
nol H2O2 and washed in distilled water for 10 
min. The samples were incubated at 4°C over-
night and then rinsed with PBS 3 times for 5 
min. Following incubation at 37°C for 30 min, 
the samples were rinsed in PBS 3 times for 5 
min. Then, DAB staining, hematoxylin staining, 
and conventional mounting were performed.

DNA extraction

Ten paraffin sections of 8-μm thickness were 
transferred to a 1.5 ml sterile centrifuge tube, 
and 1 ml xylene was added. The tube was 
vibrated slightly and maintained in a 56°C 
water bath for 10 minutes. After centrifugation 
at 12000 rpm for 3 minutes, the xylene was 
discarded, and the dewaxing procedure was 
repeated twice. Then, 1 ml absolute ethyl alco-
hol was added and mixed until uniform, the 
solution was centrifuged at 12000 rpm for 3 
minutes, the supernatant was discarded, and 
the procedure was repeated 3 times. Next, the 
centrifuge tube was placed in a 56°C incubator 
to dry. After drying, the genomic DNA was 
extracted using a kit, and an ultraviolet spec-
trophotometer was used to determine the con-
centration and purity of the DNA. The ideal 
OD260/OD280 value should be between 1.8 and 
2.0. If the purity was inadequate or the concen-
tration was not sufficient, re-extraction was 
carried out.

Primer design

The BIOMED-2 primer system was employed for 
the analysis of IG and TCR gene clonal rear-
rangements [10]. The size range of the bands 
specific for the different IG primer groups were 
as follows: IGHA, 310-360 bp; IGHB, 250-295 
bp; IGHC, 100-170bp; IGKA, 120-300 bp; 190-
210 bp, 260-300 bp, IGKB 210-250 bp, 270-
300bp, 350-390 bp, IGL 135-170 bp. The size 
range of the bands specific for the different 
TCR primer groups were as follows: TCRBA, 
240-285 bp; TCRBB, 240-285 bp; TCRBC, 170-
210 bp, 285-325 bp; TCRD, 120-280 bp; 
TCRGA, 145-255 bp; TCRGB. 80-220 bp. There 
were also 5 pairs of BIOMED-2 internal control 
primers. To analyze the integrity of the extract-

ed DNA, the fragments amplified with these 
primers should be 100, 200, 300, 400 and 
600 bp, respectively. The β-actin housekeeping 
gene was used as an internal control (Table 1).

Preparation of PCR system and PCR amplifica-
tion

A specimen control size ladder mix in the 
IdentiClone™ B-Cell Clonality Assays Kit (pur-
chased from InVivoScribe Technologies, www.
invivo-scribe.com) was employed to verify the 
quality of the extracted DNA. If the DNA quality 
was sufficient, the clonal gene analysis system 
was prepared. The quantity of mix and enzyme 
required by the PCR system was calculated 
using the number of reactions for IgHA, IgHB, 
IgHC, IgKA, IgKB, and IgL. The total volume of 
each amplification reaction was 25 μl, which 
included 22.5 μL of pre-mixed solution, 0.13 μl 
of AmpliTaq Gold Taq, 2.0 μl of template, and 
ddH2O to reach 25 μl. The PCR reaction proce-
dure was as follows: 95°C for 7 minutes; 95°C 
for 45 seconds, 60°C for 45 seconds, and 
72°C for 90 seconds for 34 cycles; 72°C for 10 
minutes; and hold at 15°C [11, 12].

Polyacrylamide gel electrophoresis analysis

The PCR products were loaded into the PCR 
instrument and denatured at 95°C for 5 min-
utes. They were then moved to the ice bath and 
incubated for 60 minutes for random renatur-
ation and heteroduplex formation. Then, 6% 
polyacrylamide gel electrophoresis was carri- 
ed out at 120 V for 1 hour to analyze the hetero-
duplex products. A 20 bp DNA ladder was used 
as the molecular standard, and 1x TBE was 
used as the electrophoretic buffer solution. 
After electrophoresis, the gel was stained using 
GelRed for 5 minutes, rinsed for 5 minutes, and 
then analyzed under a UV gel imaging analyzer.

Data accessibility

The accession numbers or DOIs of any data 
related to this paper were available in a public 
database or repository.

Results

Histologic features

Among the 55 AITL cases, 1 (2%) displayed the 
first type of AITL, which has an intact lymphoid 
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follicle structure. Five cases (9%) displayed the 
second type, characterized by an intact seg-
mental lymphatic follicular structure. Forty-nine 
cases (89%) displayed the third type, charac- 
terized by a complete obliteration of the lym-
phatic follicular structure. The common histo-
logic features of AITL include the following: 
there is obvious hyperplasia of the high endo-
thelial branched vein, and the endothelial cells 
are swollen; the blood vessel cells with a hya-
line cytoplasm are often surrounded by atypical 
small to medium lymphocytes; there are large, 

scattered immunoblast-like cells with one or 
two nucleoli and a basophilic cytoplasm; and 
the background of inflammatory cells includes 
small lymphocytes, eosinophils, plasma cells, 
and histocytes (Figure 1).

Immunohistochemical results

A positive expression was defined by the pres-
ence of a particular marker in more than 10% 
of cells. The cytomembrane was positive for 
CD3, CD4, CD10, CD21, and CD20. The cyto-
plasm was positive for CXCL13. The nucleus 
was positive for Bcl-6, Ki-67 (Figure 1), and 
PAX-5. 

Fifty-two cases (95%) had tumor cells that were 
positive for CD3, 50 (91%) were positive for 
CD4, and 33 (60%) were positive for Bcl-6. In 
small to medium cells, the proportion of posi-
tive cells was 20-60%, corresponding to the 
expression of CD3 and CD4. Twenty cases 
(36%) had tumor cells that were positive for 
CD10, from focally to partially positive (approxi-
mately 15-50%), consistent with the other T-cell 

Figure 1. Hematoxylin-eosin (HE) staining of angioimmunoblastic T-cell lymphoma. The hyperplasia of the high en-
dothelial branched vein is obvious, and the endothelial cells are swollen. CD4, CD10, CD21, CD20, CXCL13 im-
munohistochemical staining were positive in the cytomembrane. Bcl-6, Ki-67 immunohistochemical staining were 
positive in the nucleus.

Table 2. Immunohistochemical findings in 
AITL cases (n=55)
Antibody Positive cases Positive rate (%)
CD3 52 95
CD4 50 91
CD21 53 96
CD10 20 36
CXCL13 44 80
Bcl-6 33 60
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Figure 2. Immunoglobulin (IG) clonal gene rearrangements were identified in the 55 AITL cases by the BIOMED-2 
primer system. A. IGHA gene rearrangements were detected; B. IGHB gene rearrangements were detected; C. IGKA 
gene rearrangements were detected; D. IGL gene rearrangements were detected.
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Figure 3. T cell receptor (TCR) clonal gene rearrangements were identified in the 55 AITL cases by the BIOMED-2 
primer system. A. TCRBB gene rearrangements were detected. B. TCRBC gene rearrangements were detected. C. 
TCRGA gene rearrangements were detected. D. TCRGB gene rearrangements were detected.

markers described above. Forty-four cases 
(80%) were positive for CXCL13 to different 
degrees, and the proportion of positive cells 
was 30-80%, similar to other T-cell markers. 
Fifty-three cases (96%) showed a strong posi-
tive expression of CD21 and hyperplasia of the 
follicular dendritic network. Cases positive for 
CD34 expression showed vascular proliferation 
and endothelial cell swelling. The Ki67 expres-
sion intensity was 30-80% in tumor T cells 
(Table 2).

Analysis of IG and TCR clonal gene rearrange-
ments 

Clonal gene rearrangements were identified in 
48 of the 55 AITL cases (87%), of which 30 

(55%) displayed IG gene rearrangements, 
including IGHA (7 cases; 13%), IGHB (6 cases; 
11%), IGHC (2 cases; 4%), IGKA (22 cases; 
40%), IGKB (6 cases; 11%), IGL (20 cases; 36%) 
(Figure 2). TCR gene rearrangements were 
observed in 32 patients (58%), including TCRBA 
(6 cases; 11%), TCRBB (5 cases; 9%), TCRBC 
(10 cases; 18%), TCRD (7 cases; 13%), TCRGA 
(22 cases; 40%), TCRGB (16 cases; 29%) 
(Figure 3). 

IG and TCR gene rearrangements were concur-
rently observed in 14 patients (25%) (Table 3). 
Immunoglobulin or TCR clonal gene rearrange-
ments were not detected in the 15 cases of 
reactive hyperplasia.
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Discussion

AITL is a rare primary peripheral T-cell lympho-
ma of the lymph node that accounts for 1-2% of 
non-Hodgkin’s lymphomas and approximately 
15% of peripheral T-cell lymphomas [13-15]. 
The patients in our study were mostly middle-
aged and elderly, and the percent of men and 
women was similar. AITL patients generally 
have a superficial lymphadenopathy and hepa-
tosplenomegaly, and the bone marrow is often 
involved [16]. The disease is always in an 
advanced stage when it is discovered, and 
there are systemic symptoms, such as fever, 
weight loss, night sweats, skin rashes, itching, 
edema, pleural effusion, arthritis, and others 
[17-27]. The patients often exhibit high levels of 
polyclonal immunoglobulins, circulating immu- 
ne complexes, cold agglutinin hemolytic ane-
mia, rheumatoid factor, and anti-smooth mus-
cle antibodies [28, 29]. 

The current study suggested that AITL was a 
tumor derived from follicular helper T cells [30-
35]. It expresses CD3, CD4, CD43, and 
CD45RO, as well as the follicular helper T-cell 
markers [5, 36]. CD10 and Bcl-6 are reliable 
markers of B-cell lymphoma in the germinal 
center. Studies have shown that most of the 
AITL tumor T cells express abnormal levels of 
CD10 and Bcl-6 [15, 37, 38]. In this study, the 

positive expression rate of CD10 was 36% and 
that of Bcl-6 was approximately 60%, which are 
consistent with the rates reported in the litera-
ture [39, 40]. CXCL13 is a newly discovered 
marker specific for follicular dendritic cells [41]. 
The positive expression rate of CXCL13 in this 
group was 80%, which was higher than the 
expression of CD10 and Bcl-6. There was a 
greater number of CXCL13-positive than CD10-
positive cells. CD21 is a specific marker for the 
follicular dendritic network. The CD21 positive 
expression rate was 96% in this group, which is 
consistent with the literature. In addition, some 
large cells scattered among the tumor T cells 
expressed B-cell markers, such as CD20, PAX-
5. In conclusion, the high expression of CXCL13, 
CD10, and Bcl-6, combined with the positive 
expression of CD21 and CD35 in the follicular 
dendritic network, the swelling of vascular 
endothelial cells, and the scattered distribution 
of CD20- and PAX-5-positive tumor cells, can 
be used for the diagnosis of AITL [42]. In spite 
of these markers, the diagnosis of AITL is non-
specific and difficult. Thus, the IG and TCR clon-
al gene rearrangements are novel markers for 
the diagnosis of AITL.

Gene rearrangement is a normal physiological 
process that occurs during B- and T-lymphocyte 
maturation. In the embryonic state, the B and T 
lymphocyte IG and TCR genes are composed of 
a variable region (V), diverse region (D), joining 
region (J), and constant region (C). These 
regions are nonconsecutive on the chromo-
some and are separated by insertion sequenc-
es of different lengths. After a certain stage of 
lymphocyte development, these regions realign 
to assemble into a structural gene, i.e., they 
undergo gene rearrangements, in a process 
that is catalyzed by a recombinase [43, 44]. 
Malignant lymphoma is a monoclonal hyper- 
plasia, and all clones theoretically represent 
clonal gene rearrangements. In contrast, hyper-
plasia of normal and reactive lymphoid tissues 
involves polyclonal gene rearrangements.

In 2003, 47 organizations from seven countries 
in Europe developed the BIOMED-2 multiplex 
PCR system, which contains 107 primers divid-
ed into 18 multiplex PCR tubes [45]. At present 
in Europe, the United States, and other coun-
tries, the IG and/or TCR clonal gene rearrange-
ments are routinely screened for the diagnosis 
of Non-Hodgkin’s lymphoma. The sensitivity of 

Table 3. Results of IG and TCR clonal gene 
rearrangement analysis in AITL (n=55)
Reaction tube Positive cases Positive rate (%)
IGHA 7 13
IGHB 6 11
IGHC 2 4
IGKA 22 40
IGKB 6 11
IGL 20 36
IG 30 55
TCRBA 6 11
TCRBB 5 9
TCRBC 10 18
TCRD 7 13
TCRGA 22 40
TCRGB 16 29
TCR 32 58
IG/TCR 48 87
IG+TCR 14 25
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the classic two-primer-pair method is relatively 
low, and the detection rate is only 30%. The 
detection rate of the multiple-primer method is 
70-100% [46-48]. The detection rates of the IG 
and TCR gene rearrangements in AITL have dif-
fered among studies. Tan et al. used the IGH 
and TCRγ two-primer method to detect the 
gene rearrangement in 58 cases of AITL; 78% 
of cases were positive for TCRγ T-cell clones, 
and 34% were positive for IGH B-cell clones 
[49]. Aung et al. [50] used Southern blotting to 
analyze the presence of TCR-C-beta1 and IGH-
JH gene rearrangements in a 70-year-old male 
with AITL. Ren et al. analyzed the IGH and TCRγ 
gene rearrangements in 15 cases of AITL using 
the two-primer-pair method and found that 
6/15 (40%) had the TCRγ rearrangement, and 
7/15 (46.7%) had the IGH rearrangement [51, 
52]. In this study, the BIOMED-2 system was 
employed to analyze the clonal gene rearrange-
ments of IG and TCR in 55 samples of paraffin-
embedded AITL tissue. IGH, IGK, IGL and TCRB, 
TCRD, TCRG multiple primers were used to 
detect the gene rearrangements in 55 cases of 
AITL. The results showed that 87% [48] of the 
cases had clonal gene rearrangements, of 
which 55% (30 cases) had IG gene rearrange-
ments, 58% (32 cases) had TCR gene rear-
rangements, and 27% (15 cases) had IG and 
TCR gene double rearrangements. Compared 
with the two-primer-pair method, the detection 
rate of clonal gene rearrangements was signifi-
cantly improved by using the multiple-primer 
method.

It has been reported that the IGH gene rear-
rangement in AITL is related to the CD20- and 
PAX-5-positive immunoblasts that are scat-
tered among the tumor cells. The CD20- and 
PAX-5-positive immunoblasts were previously 
isolated by microdissection and then analyzed 
for gene rearrangement. The results showed 
that the isolated CD20- and PAX-5-positive 
immunoblasts showed only the IG gene rear-
rangement, while the rest of the AITL tissue 
showed only the TCR gene rearrangement. The 
present study showed that 55% of AITL cases 
had the IG clonal gene rearrangement, which is 
consistent with the literature and demonstrates 
that the IG clonal gene rearrangement can be 
found in AITL [53].
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