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ABSTRACT
Background: Lymphoma is a heterogeneous group of neoplasm affecting any stage of lymphocyte
development. Nowadays, WHO (2017) adapted their classification depending on their morphological,
immunohistochemical appearance, and their clinical and molecular characteristics.
Objective: To determine the expression of PAX5 in Hodgkin and Non Hodgkin lymphoma and their
association with clinical parameters (age & site).
Patients & Methods: During a period of 1 year starting from June 2019 to June 2020, 60 lymphoma
patients" were included in this"prospective-retrospective"case series study from"medical records and
histopathological results in governmental and private labs. Immunohistochemistry examination using PAX5
was performed, and data of the positive PAX5 expression were analyzed.
Results: A total of 60 patients were recruited in this study with the majority (58%) were Non Hodgkin
lymphoma, dominated by diffuse large B- cell lymphoma subtype (42.8%) and (42%) were Hodgkin
lymphoma where nodular sclerosis subtype formed (52%) and mainly of the nodal site in both of them. The
age range of Non Hodgkin lymphoma 7-76 years (median 50 years) and 5-67 years (median 21 years) for
Hodgkin lymphoma and male predominance in both of them and there is no significant association between
the site and lymphoma (p value=0.0647) while a significant association with age (p value =0.037). Moreover,
the immunohistochemical examination demonstrates that positive PAX5 was expressed in 77% of Non
Hodgkin lymphoma and 100% of Hodgkin lymphoma. The P-value between them was 0.016, which was
statistically significant ,no matter of using PAX5 or CD30 in"the diagnosis of Hodgkin lymphoma,in other
hand"there is a significant difference between PAX5 and CD3 expression (P value=0.004), while it is not
statistically significant when comparing PAX5 and CD20 (P-value =0.317) in the diagnosis of Non Hodgkin
lymphoma .
Conclusion: This study demonstrates that PAX5 is one of the most sensitive and reliable
immunohistochemical marker in diagnosing Hodgkin lymphoma and B-cell Non Hodgkin lymphoma.
Keywords: Hodgkin lymphoma, Immunohistochemistry, Non Hodgkin lymphoma, PAX5.
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الخالصة
، اوساَ اٌغذد اٌٍٍّفبوٌت هى ِدّىػت غٍش ِخدبٔست ِٓ األوساَ حؤثش ػٍى أي ِشحٍت ِٓ ِشاحً ٔضىج اٌخالٌب اٌٍّفبوٌت:الخلفية
ً) فً حصٍٕفهب فً اٌىلج اٌحبضش اػخّبدًا ػٍى ِظهشهب إٌسٍدً وإٌّبػ7102( )WHO( ولذ حُ اػخّبد ِٕظّت اٌصحت اٌؼبٌٍّت
.اٌىٍٍّبئً ببإلضبفت إٌى خصبئصهب اٌسشٌشٌت واٌدزٌئٍت
 فً اوساَ اٌغذد اٌٍٍّفبوٌت ؤسبت أخشبسهب الوساَ اٌهىدخىٓ واٌالهىدخىٓ واٌخشابظ اٌسشٌشي5 ححذٌذ ِؼٍّت االوساَ ببوس:الهذف
.بٍٕهّب
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 ِشٌضبً ِٓ ِشضى01  حُ إدساج،7171 ْ إٌى حزٌشا7102 ْ خالي فخشة سٕت واحذة ابخذاء ِٓ حزٌشا:المرضً واألساليب
اوساَ اٌغذد اٌٍٍّفبوٌت فً دساست سخؼٍت وِسخمبٍٍت ِٓ اٌسدالث اٌطبٍت وإٌخبئح اٌهٍسخىببثىٌىخٍت فً اٌّخخبشاث اٌحىىٍِت
.5 وأخشي ػٍٍهب فحص وٍٍّبئً ٔسٍدً ِٕبػً ببسخخذاَ ِؼٍّت االوساَ اٌببوس.واٌخبصت
) وسَ اٌغذد اٌٍٍّفبوٌت اٌالهىدخىٓ ِٓ ٔىع%55( ُ ِشٌضبً فً هزٖ اٌذساست ووبْ غبٌبٍخه01 ِٓ  حُ حؼٍٍٓ ِدّىػت:النتائج
ً) ِخشوزة ف%57( ) وبٔىا اوساَ اٌغذد اٌٍٍّفبوٌت هىدخىٓ ِٓ ٔىع اٌخصٍب اٌؼمذي%87() و%87.5(اٌخالٌب اٌىبٍشة إٌّخششة
 اٌى5  سٕت و51  سٕت وِؼذي اٌؼّش20  اٌى2 ٍٓ ووبٔج اٌفئت اٌؼّشٌت الوساَ اٌغذد اٌٍٍّفبوٌت اٌالهىدخىٓ ب. اٌؼمذ اٌّفبوٌت ٌىٍٍهّب
 سٕت الوساَ اٌغذد اٌٍٍّفبوٌت ٔىع هىدخىٓ ِغ غٍبت اٌشخبي ٌىٍٍهّب والٌىخذ اسحببط وبٍش فٍّب ٌخؼٍك ببٌّىلغ70  سٕت وبّؼذي02
ْ أظهش فحص اٌىٍٍّبء إٌّبػٍت وإٌسٍدٍت أ،  ػالوة ػٍى رٌه.(p=0.037() بٍّٕب هٕبن اسحببط ِغ اٌؼّشP=0.647 (
 بٍٕهّبP  ِٓ اوساَ اٌغذد اٌٍٍّفبوٌت هىدخىٍٓ ولٍّت٪011  ِٓ ٌٍّفىِب اٌالهىدخىٍٓ و٪22 ًاٌّىخب وخذ ػٍى اٌخىاًٌ ف5ببوس
 فً حشخٍص اوسَ اٌغذد اٌٍٍّفبوٌت01 وػٕمىد اٌخّبٌز5 وهً راث دالٌت إحصبئٍت وإْ ال فشق ِٓ اسخخذاَ ِؼٍّت ببوس0.016
) بٍّٕب ٌٍس رو دالٌت إحصبئٍتP = 0.004(  ألْ لٍّت0 وػٕمىد اٌخّبٌز5اٌهىدخىٓ فً اٌدبٔب االخش هٕبن فشق وبٍش بٍٓ ببوس
. ٓ) فً حشخٍص اوساَ اٌغذد اٌٍّفبوٌت االهىدخىP = 0.317(  ألْ لٍّت71 وػٕمىد اٌخّبٌز5 بٍٓ ببوس
ً هى احذ اٌؼالِبث اٌىٍٍّبئٍت إٌّبػٍت إٌّبسبت األوثش حسبسٍت وِىثىلٍت ف5 حبشهٓ ِٓ هزٖ اٌذساست ػٍى أْ اٌببوس: االستنتاج
. ًحشخٍص اوساَ اٌهىدخىٓ واٌالهىدخىٓ الوساَ اٌغذد اٌٍّفبوٌت ٔىع ب
.5 ببوس, ٓ اوساَ اٌالهىدخى,ً اٌفحص اٌىٍٍّبئً إٌسٍدً إٌّبػ, ٓ اوساَ هىدخى: الكلمات المفتاحية

INTRODUCTION

L

ymphoma is"a heterogeneous group of
malignant tumors of"lymphoid cells at different
maturation stages, which could be nodal or
extranodal. The World Health organization's
(WHO) classification system recognizes more than
90 different subtypes, and it classifies lymphoma
into Hodgkin (HL) and"Non Hodgkin lymphoma
1
(NHL).
Lymphoid neoplasms occupy the"sixth leading
cause of cancer related death in the"United States
in 2016 as there are 136,960
new cases
2
diagnosed annually.
The category of HL encompasses"classical
Hodgkin
lymphoma
(CHL)
and"less
commonly"nodular
lymphocyte-predominant
Hodgkin lymphoma (NLPHL), and the diagnosis of
them depends on the presence of neoplastic
3
Hodgkin Reed-Sternberg (HRS) cells.
and
lymphocyte predominant (LP) cells within the
4
reactive inflammatory background respectively.
Both of these types arise from germinal center B5
cell.
NHL comprises of different neoplasm of the
immune system, Eighty-five to ninety percent of
them are derived from B- cell, while 10-15% are
6
derived from T cell or NK cell.
Immunohistochemical (IHC) markers are crucial
for recognition of the B-cell lineage to help in the
7
diagnosis and classification of lymphoma due to
8
overlapping morphology and antigenic variation.
Accurate lineage assignment has contributed to
our fundamental understanding of lymphoma and
advances in therapeutic and disease monitoring
strategies.
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IHC detection of PAX5 protein, also known as Bcell specific activation protein (BSAP), in lymphoid
neoplasm using polyclonal and monoclonal
antibodies was used as a well-identified marker for
9,10
recognizing the B-cell lineage cells.
The BSAP protein is encoded by the PAX5 gene
11 ,
12
which is located in 9p13 chromosome
. It
consists of a family of 9 members (PAX1-PAX9)
arranged into four groups (Ⅰ, Ⅱ, Ⅲ, and Ⅳ)
according to their structural similarity. It has a
significant role in regulating cell migration,
proliferation,
and
differentiation
through
13
organogenesis.
PAX5 protein is a subgroup Ⅱ member of highly
conserved paired box (PAX) family, and the only
member that involved in the hematopoietic system
13
that is important for cellular commitment,
immunoglobulin rearrangement, pre BCR (B cell
receptor) signaling, and survival of mature B- cell.
14
in addition to functional maintenance of B- cell
15
during late B lymphopoiesis.
PAX5 is expressed primarily in pro-, pre- and
16
mature B-cells but not in plasma cells.

Aim of the Study
To find the frequency of PAX5 expression in
lymphoma (HL &NHL) and its association with
clinicopathological parameters (age and site).

MATERIAL AND METHODS
This study was reviewed and approved by the
Medical Research Ethnics Committee (MREC),
College of Medicine, University of Mosul. In this
case series study, extending over one year from
June 2019 through June 2020, all cases diagnosed
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as lymphoma at governmental hospitals and those
referred from private laboratories in Nineveh
province in the North of Iraq were enrolled in this
current study.
The study includes 60 cases of lymphoma. All
histopathological reports were reviewed regarding
clinicopathological data (age, gender, and site).
For each case, the author reviewed the
hematoxylin and eosin-stained sections. The tumor
was diagnosed and subtyped according to the
1
WHO classification system 2017. One section
from each case was selected for the
immunohistochemical study.

Immunohistochemistry:
Each case was studied for PAX5 expression.
Formalin-fixed paraffin-embedded block of cases
were obtained. Section of 5 microns thick were
deparaffinized in xylene and rehydrated. The
immunohistochemical study was performed
according to manufacturer instructions using the
IgG rabbit monoclonal antibody (Clone: EP156
PR064-3ml RTU, Pathnsitu company, India), and
PathnSitu PolyExcel detection system with DAB
chromogen. Positive and negative control slides
were involved in each run of staining. Negative
controls were prepared by replacing the primary
antibody with Tris-buffered saline; positive control
slides were obtained from tonsil.
For the evaluation of PAX5 expression,
histopathological features were correlated with cell
specific immunohistochemical staining pattern and
are compared with the control slides. Nuclear
brown color staining in more than 10% of
17
neoplastic cells is regarded as positive, and the
expression of PAX5 in normal B- cell is more
18
strong than HRS, which is faint.
Apart from PAX5, which was done in 60 patients,
other IHC markers reports were obtained from
several cases of the same patients in our study.
The results of immunohistochemical markers
CD30, CD3, CD20 previously used to confirm the
diagnosis and subtyping of lymphoma were
studied and determined as positive or negative to
obtain the association between them and PAX5
expression.
The"immunohistochemical
markers
and
clinicopathological variables were analyzed using
the Statistical Package for Social"Science version
23 SPSS and association between PAX5
expression and variable categories, and other
markers were evaluated using the Fisher Exact
test and McNemar Chi-square test when indicated,
and the probability level accepted for significance
was P < 0.05.
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RESULTS
Among 60 cases included in this study, 25 (42%)
cases were diagnosed as HL, whereas 35 cases
(58%) diagnosed as NHL
As shown in Table (1). The age of HL patients
ranged from 5-67 years (mean 26 ± 14.73) years
(median 21 years) peaked at the teenage group
(36%). Patient's age in NHL ranged from 7-76
years (mean 46 ± 18.72) (median 50 years)
peaked at the fifth decade (31.5%), with male to
female ratio of"1.2: 1
There was a statistically significant association
between PAX5 and age (P value=0.037).
Table (2) showing the histopathological
subtyping of lymphoma which revealed nodular
sclerosis (figures 1&2) was the commonest HL
subtypes 13/25 (52%) of cases, followed by mixed
cellularity 11/12 (44%) then a single case of
lymphocyte predominant HL whereas diffuse large
B-cell lymphoma (figures 3&4) dominated NHL
cases 15/35, forming (42.8%) of NHL cases
followed by 3 cases (8.6%) of each small
lymphocytic lymphoma, lymphoblastic lymphoma
(figures 5&6), follicular lymphoma (figures 7&8),
marginal zone lymphoma (figures 9&10), then 2
cases (5.7%) of each Burkitt lymphoma (figures
11&12), lymphoplasmacytic lymphoma, peripheral
T-cell lymphoma and single cases (2.85%) of
mantle cell lymphoma and large unclassified
cases.
PAX5 was expressed in all 25 cases of HL,
whereas it showed positivity in 27 out of 35 (77%)
and negative in 8 cases (23%) of NHL with a
significant statistical association between them
(P=0.016) as shown in table (3).
Most of the NHL were of B- cell lineage 30/35
(85.7%), and they were much more than T- cell
lineage 4/35 (11.4%), while one case (2.9%) was
not classified under a specific cell type and was
reported as unclassifiable NHL. PAX5 has been
observed in 27/30 cases (90%) of B-cell NHL while
it was negative in all T-cell lymphoma 4/4 (100%)
and the single unclassifiable case.
Regarding the location, 82% of NHL were nodal,
and 18% were extranodal .while all HL cases were
nodal, and it has been shown the association of
PAX5 expression in relation to the site does not
show statistically significant value (P=0.647) as
shown in table (4).
CD 30 expression results were available in 14
cases of HL, and all of them have expressed
PAX5, as shown in table (5).
In NHL of a paired match group, CD3 results
were also available in 22 cases of NHL (18 were
negative and 4 were positive). PAX5 was
expressed in only 17 cases of them (77.3%), and
the P-value between them was 0.004, which is
statistically significant as shown in table (6). These
111
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cases consisting of 1/4 (25%) case of PAX5
positive and CD3 positive whereas the other 3/4
(75%) cases showing PAX5 negative and CD3
positive while there is 2/18 (11%) showing
simultaneous negativity and 16/18 (89%) showing
positive PAX5 and negative CD3 as shown in
Table (6)
PAX5 was found to be positive in 20/26 (77 %) in
NHL in paired match cases, and the positivity for
CD20 was found to be 21/26 (81%), and the Pvalue between them was 0.317, which is
statistically not significant as shown in table (7).
Table (1): Age distribution of lymphoma patients.
Hodgkin
Non-Hodgkin
Age groups
lymphoma
lymphoma
(years)
No.
%
No.
%
<10
1
4.0
2
5.7
10-19
9
36.0
3
8.6
20-29
8
32.0
0
0.0
30-39
2
8.0
4
11.4
40-49
2
8.0
6
17.1
50-59
2
8.0
11
31.5
≥ 60
1
4.0
9
25.7
Total
25
100.0
35
100.0

Table (2): Frequencies of different lymphoma types
in the current study.
Final Diagnosis
Hodgkin Lymphoma
A. Classical HL
Nodular sclerosis
Mixed cellularity
Nodular lymphocyte
predominant
Total
"Non-Hodgkin Lymphoma"
Diffuse large B-cell
lymphoma"
Follicular lymphoma
Small lymphocytic
lymphoma
Marginal zone lymphoma
Lymphoblastic lymphoma
Burkitt lymphoma
Lymphoplasmacytic
lymphoma
Mantle cell lymphoma
Peripheral T-cell
lymphoma
Large unclassified
Total
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No.

Percentage
(%(

13
11

52.0
44.0

1

4.0

25

100.0

15

42.8

3

8.6

3

8.6

3
3
2

8.6
8.6
5.7

2

5.7

1

2.85

2

5.7

1
35

2.85
100.0

Table (3): PAX5 expression in lymphoma in the
current study
PAX5
PAX5
Types of
PPositive
Negative
*
lymphoma
value
No %
No %
Hodgkin
lymphoma
25
100.0 0
0.0
(n=25)
0.016
Non
Hodgkin
27
77.0
8
23.0
lymphoma
(n=35)
*
Fisher Exact test was used.
Table (4): PAX5 expression in relation to the site of
lymphoma
PAX5
PAX5
PPositive
Negative
Site
*
value
No %
No %
Nodal (n=49)

42

85.7

7

14.3

1

9.1

0.647

Extranodal
10
90.9
(n=11)
*
Chi-square test was used.

Table (5): Associations between PAX5 & CD30 in
14 cases of HL
Positive
Negative
cases
cases
PIHC
*
value
No.
%
No. %
PAX5 (n=14)
CD30 (n=14)

14
14

100.0
100.0

0
0

0.0
0.0

-----

Table (6) Test analysis results for 22 cases PAX5
& CD3 in a paired group NHL
CD3

IHC

+ ve

PA
X5

+
v
e
v
e

- ve

Total

N
o.

%

N
o.

%

N
o.

%

1

25.
0

16

89.
0

17

77.
3

75.
0

2

11.
0

5

3

22.
7

Pvalu
e*

0.00
4

10
10
100
18
22
0
0
.0
* McNemar Chi-square test was used.
Total

4
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Table (7): Association between PAX5 &
26 cases of NHL
Positive
Negative
IHC
cases
cases
No. %
No. %
PAX5 (n=26) 20
77.0 6
23.0
CD20 (n=26) 21
81.0 5
19.0
* McNemar Chi-square test was used.
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CD20 in
P*
value
0.317

Figure (4): Diffuse large B cell lymphpma (PAX5
positive x400)

Figure (1): HL-Nodular sclerosis (H&E x 400)

Figure (5): Lymphoblastic Lymphoma (H&E x400)
Figure (2): HL-Nodular sclerosis (PAX5positive
x400)

Figure (3): Diffuse large B cell lymphoma
(H&Ex400)
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Figure (6): Lymphoblastic Lymphoma (PAX5
positive x400)
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Figure (7): Follicular lymphoma (H&E x40)

Figure (8): Follicular lymphoma (PAX5 positive
x40)

Figure (9): Marginal zone lymphoma (H&E x400)
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Figure (10): Marginal zone lymphoma (PAX5
positive x400)

Figure (11): Burkitt lymphoma (H&E x400)

Figure (12): Burkitt lymphoma (PAX5 positive
x400)
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DISCUSSION
Lymphoma is a group of lymphoid neoplasm with
different genetic alterations, immunophenotypes,
and clinical features, The prevalence of lymphoma
is less in developing countries than in developed
19
countries.
Although the overall incidence is
20
increased worldwide.
HL is more prevalent cancer in the young age
21
22
group , as seen in the North of Iraq
in Saudi
23
24
Arabia in Pakistan , which is in agreement with
the result of this study. The high family number and
early exposure to viral infection may be all
attributed to the high incidence of HL in childhood
25
. However, other studies in this locality showed
26
another peak incidence in advanced age also in
27
28
Kuwait in China and Western and developed
25
countries
. In this series, a bimodal series was
not apparent. The absence of age-related
bimodality might contribute to the rising incidence
of nodular sclerosis subtype which is more
29
associated with unimodal distribution
or small
sample size. Hence a furthermore extensive study
is recommended.
Regarding NHL was found to be more prevalent
. 23
among patients above 50 years
and the rate of
increasing NHL cases with age has been reduced.
30
This is in accordance with the result of this study
23
30
and other studies in Saudi Arabia and Turkey
24
but lesser than seen in Pakistan.
We found a statistically significant association
between the age of patients and PAX5 expression
(P-value =0.037).
The incidence of lymphoma was higher in males
than in females. This has been clearly shown in the
current study and in concordance with other
23,31,32
studies too.
Occupational exposure of males
contributes to a high-risk factor in males more than
33
females.
In the present study, the recorded NHL cases
are more than HL, which is consistent with the
results of other studies conducted in the north and
31,34
35
south of Iraq
, and another study in the USA.
The most frequent histological subtype of HL in
the current study was nodular sclerosis (NS)
(52%), which is similar to another study from Erbil
22
city in the north of Iraq. but it is different from a
study in Misan city in the south of Iraq where the
31
mixed cellularity (MC) is the highest frequency ,
24
36
28
also in Pakistan , Indonesia , and China . This
changing trend might be linked to environmental
and host factors and reduced risk of EBV exposure
in early childhood that is associated with MC rather
37
than NS.
Diffuse large B-cell lymphoma (DLBC) has also
been reported to be the most common subtypes of
NHL (42%). This finding is similar to other series
from North and South of Iraq but in different
31,34
proportions (52.2%) (73.3%), respectively
in
Ann Coll Med Mosul December 2020 Vol. 42 No.2
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addition to most studies worldwide. However, it
varies considerably from region to region (33.6%)
23
38
in Saudi Arabia , (55.7%) in Bahrain , (78.7%)
30
24
2
in Turkey , (30%) in Pakistan , (25%) in US .
These differences might belong to different
geographical regions, genetic, lifestyle, and
39
environmental factors.
All"the reported cases of"HL" in the current study
show"PAX5 positivity (100%). A similar finding was
40-44
noticed by other studies
and very low
frequency noticed in a study done in North America
45
36
46
in Indonesia and in Europe ."This wide range
of detection may be"due to the properties of
47
different antibodies, subjectivity in interpretation,
also"tissue fixation procedure, protocol variation in
the technique of incubation antigen retrieval, as
well as the number of cases studied".
Most of the studies noticed that PAX5 is
expressed in B- cell lineage NHL in a different
14,41,44
higher proportion
which is similar to this
work, that could be attributed to different
antibodies used, interpretation results, and
differences in population groups.
NHL presents a wider systemic extranodal
distribution than HL, and this has been observed in
35,41,44
the current study and other studies
although
28,48
extranodal HL can occur in few cases.
No significant difference was noted between
PAX5 expression and site in this study as well as
40,44
other studies.

CONCLUSION
PAX5 is a most sensitive and reliable B cell
marker in the diagnosis of HL and NHL. It is
expressed in 100% of HL cases and 77% of NHL,
and there is a significant difference between PAX5
immunoreactivity with HL and NHL. There is no
significant difference in using PAX5 or CD30 in HL,
and there is a significant negative association
between PAX5 and CD3 while it is no significant
association between PAX5 and CD20 in NHL
HL was found to be more prevalent among
younger age groups while NHL in older people and
predominance of male gender in both of them. NS
was the most common subtypes of HL, while
DLBC lymphoma was the major subtypes of NHL.
Lastly, there is mainly nodal involvement in
lymphoma cases, and there is no difference of
PAX5 immunostaining in relation to the site, but it
is significant with age.
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