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ARTICLE INFO ABSTRACT
Keywords: Background: Non-Hodgkin lymphoma represents a heterogeneous group of tumors that constitute the seventh
Non-Hodgkin Lymphoma most common malignancy. Inmunohistochemistry plays a major role in the detection of specific cell receptors.
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Transcription factors are a heterogeneous group of genes that play a critical role in the commitment, differen-
tiation, and proliferation of specific cell types.

Methods: Paraffin-embedded tissue sections of non-Hodgkin lymphoma cases were selected, classified, and
evaluated before staining with immunohistochemical markers (PAX5, OCT2, BCL6, and P53). Expression of the
aforementioned markers was compared with histological subtypes and grades of lymphoma cases. Means of
expression were also compared among histological subtypes.

Results: A total of 55 cases of NHL including 26 cases of low-grade lymphomas and 29 cases of high-grade
lymphomas were included in the study. DLBCL and FL were the most common subtypes of high-grade and
low-grade lymphomas respectively. Both PAX5 and OCT2 were positive in 44 cases of NHL (80%) including all
cases of B-cell lymphomas. BCL6 and P53 demonstrated positive expression in 29.1% and 67.3% respectively.
Interestingly, we found a significant association between the histological subtypes and the aforementioned
markers (P-value<0.05).

Discussion: Expression of PAX5, OCT2, BCL, and P53 played a major role in the diagnosis and grading of non-
Hodgkin lymphomas in our study. Both PAX5 and OCT2 provided more accuracy and specificity in the diag-
nosis of B-cell neoplasms compared to the classical B-cell markers. BCL6 expression reflected its role in germinal
center formation in normal and malignant lymphoid tissues, and expression of P53 mirrored the accumulation of
gene mutations in more aggressive lymphoma subtypes.

Conclusion: In this manuscript, we aimed to present a unique study that highlights the immunohistochemical
expression of all the aforementioned factors among various histological subtypes of non-Hodgkin lymphomas
with disparities in histological aggressiveness, highlighting a promising diagnostic and prognostic panel for non-
Hodgkin lymphomas.

classification of lymphoid malignancies, with DLBCL representing the
more common subtype, as the classification of NHL revealed a signifi-
cant enhancement in the past few decades through detailed clinical,
morphological, immunohistochemical, and molecular correlations.
Immunohistochemistry plays a major role in the diagnosis and man-
agement through the detection of specific cell receptors that could
represent promising diagnostic markers and therapeutic targets [1-3].
On the other hand, it has been well demonstrated that NHL subtypes
are associated with disparities in histological aggressiveness, speed of

1. Introduction

Non-Hodgkin lymphoma represents a heterogeneous group of tu-
mors that constitute the seventh most common malignancy and the
eighth leading cause of cancer mortality. NHL results from the malignant
proliferation of either B-lymphocytes (in more than 85% of cases) or T-
lymphocytes and natural killer cells (in less than 15% of cases). More
than fifty histological subtypes of NHL were identified in 2016 WHO
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List of abbreviations

NHL Non-Hodgkin Lymphoma

DLBCL  Diffuse Large B-Cell Lymphoma
ALCL Anaplastic Large Cell Lymphoma
MZL Marginal Zone Lymphoma

FL Follicular Lymphoma
SLL Small Lymphocytic Lymphoma
B-LBL B-cell Lymphoblastic Lymphoma

T-LBL  T-cell Lymphoblastic Lymphoma

cell proliferation, and response to treatment. Studies identified two
distinct categories: aggressive or high-grade lymphomas including
diffuse large B-cell lymphoma DLBCL and lymphoblastic lymphoma, and
indolent or low-grade lymphomas including follicular lymphoma FL,
small lymphocytic lymphoma SLL, and marginal zone lymphoma MZL.
Interestingly, although aggressive lymphomas require more intensive
treatments and are associated with earlier mortality rates due to rapid
proliferation, studies demonstrated that they are more likely to
demonstrate a complete response to treatment. In contrast, indolent
lymphomas are associated with more recurrences and incomplete
remission. This highlights the crucial need to investigate the potential
causes of disparities in histological aggressiveness [3-6].

Transcription factors are a heterogeneous group of genes that regu-
late the development of B-lymphoid cells from hematopoietic stem cells
in a multi-check-point sequential process. These factors play a critical
role in the initial commitment of B lineage in addition to differentiation
and immunoglobulin production. Therefore, several studies raised the
need to consider transcription factors in the immunohistochemical and
molecular diagnostic panel of lymphoid malignancies as both potential
lineage determinators and prognosis detectors.

The maturation stage of B-cells might be assessed through the
expression pattern of transcription factors. Furthermore, transcription
factors expression could demonstrate genetic mutations in lymphoid
neoplasms, and serve as prognostic markers [7,8].

PAX-5 is a nuclear transcription factor that is encoded by a paired
box domain gene on chromosome 9p13 and belongs to the PAX gene
family of transcription factors. PAX5 is also known as the B-cell specific
activator protein BSAP and is essential for the differentiation, develop-
ment, and proliferation of B-cells. Pax5 works by activating the tran-
scription of pre-B-cell receptor signaling pathway proteins BLNK (SLP-
65), IgA (CD79a,mbl), and CD19, leading to the enhancement of B-cell
differentiation. Also, it plays a major role in the formation of the pre-
BCR complex and regulating IgH and IgL gene rearrangements [9-12].
Interestingly, Pax5 gene inactivation results in the dedifferentiation of
mature B cells to progenitor cells in the bone marrow, which subse-
quently differentiate into activated T cells. Therefore, PAX5 has widely
emerged as a highly sensitive and specific marker for normal and ma-
lignant B-cell detection [13].

Octamer-binding protein 2 (OCT2) is a member of the POU domain
family of DNA binding proteins and is widely known as a B-cell-
restricted transcription factor. OCT2 is encoded by the gene POU2F2
and works by binding to an octamer DNA motif which is a conserved
DNA sequence located on the promoters and enhancers of immuno-
globulin encoding genes. OCT2 is essential for post-natal survival and
maturation of B cells and plays a major role in immunoglobulin pro-
duction and germinal center formation. Due to its high expression in
immature and mature B cells, it’s well-recognized as a sensitive marker
similar to Pax5 for detecting B-cell lineage in controversial cases
[14-16].

BCL6 is a transcription repressor that is encoded by the BCL6 gene
located on chromosome 3q27. BCL6 plays a major role in the formation
of germinal centers in normal and malignant lymphoid tissue mainly
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DLBCL and BL. It’s considered a proto-oncogene that interacts with co-
repressors to regulate gene expression through inducing heterochro-
matin formation and epigenetic remodeling. Due to the repression of
genes involved in cell cycle arrest and apoptosis mainly P53, BCL6
represents a major transcription repressor [17,18].

P53 is a transcriptional regulator that is encoded by the P53 gene on
chromosome 17p and plays a critical role in suppressing malignant
transformation through inducing apoptosis and cell cycle arrest. Muta-
tions of the P53 gene are considered one of the most important molec-
ular events in promoting malignant transformation and are found in
25-30% of NHL. Also, P53 expression is frequently detected in high-
grade NHL [19-22].

Herein, we aim to investigate the immunohistochemical expression
of the aforementioned markers in several cases of indolent and aggres-
sive non-Hodgkin lymphomas.

2. Methods
2.1. Cases selection

This is a retrospective cross-sectional study that was performed on
paraffin-embedded archival blocks in the department of pathology at
Tishreen University. Ethical approval was obtained from the Research
Ethics Committee of Tishreen University in accordance with the Decla-
ration of Helsinki. The research was reported in line with the STROCSS
criteria [23]. Paraffin-embedded blocks from fifty-five cases of
non-Hodgkin lymphomas were retrieved from the archive of the pa-
thology department. Demographic data of the cases including age,
gender, and site were recorded. The cases were previously immuno-
stained with the classical markers of non-Hodgkin lymphoma including
CD45, CD20, CD19, CD79a, CD3, CD5, CD23, CD10, CD15, CD30,
ALK-1, BCL2, TDT, MPO, PAS, and Cyclin D1 to diagnose and subtype
the lymphomas according to the WHO classification of lymphoid
malignancies.

After reviewing the morphological and immunohistochemical char-
acters of the selected cases by two pathologists (ZA and AD), one
representative section for each case was selected to perform the study
markers (PAX5- OCT2- P53- BCL6). Appropriate tissue sections from
tonsils and reactive lymph nodes were used as positive controls, whereas
processed sections without primary antibodies were used as negative
controls.

2.2. Immunohistochemistry

4 pm sections were cut and attached to charged slides. The sections
were then deparaffinized in xylene and rehydrated in three gradually
decreased grades of alcohol followed by water. After that, the slides
were put in EDTA solution in a microwave oven for 15 min for antigen
retrieval. After endogenous peroxidase blockage, the sections were
stained with the primary antibodies (PAX5: Clone RBT-Pax5, OCT2:
Clone EP115, BCL6: Clone RBT-BCL6, P53: Clone DO7- Company BioSB)
and incubated for 45 min. Later, slides were rinsed with wash buffer for
5 min and incubated with the secondary antibody (Mouse poly-detector
HRP LABEL, BIOSP) for 45 min. After that, the sections were incubated
for 10 min with poly-detector chromogen before rinsing and counter-
staining with hematoxylin and eosin. Representative immunohisto-
chemical images are demonstrated in Figs. 1-4. The intensity was
considered either positive or negative, and expression was considered
positive if more than 10% of the cells demonstrated positive nuclear
staining.

2.3. Statistical analysis
This is a retrospective cross-sectional study. SPSS Program (version

26) was used for the statistical analysis. Independent Samples T-Test and
Oneway Anova were used to compare parametric variables whereas
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Fig. 1. Immunohistochemical expression of PAX5 in cases of NHL: (A,B,C: expression in DLBCL, D,E,F: expression in MZL, G,H,I: expression in FL, J,K,L: expression in

B-LBL).

Fisher’s exact test was used to compare nonparametric variables. P-value
<0.05 was considered significant.

3. Results

A total of fifty-five cases of non-Hodgkin lymphomas were selected in
the study. The age of the patients at presentation ranged from 6 to 85
years, with a mean age of 46.29. Male to female ratio was 2:1 (36 males
and 19 females). Regarding the primary site of the lymphomas: 38 cases
were nodal (69.1%), whereas 17 cases (30.9%) were primarily diag-
nosed in extra-nodal sites (Table 1).

All the cases were histologically diagnosed by two pathologists (AD
and ZA), and confirmed by a third pathologist (YE) according to the
WHO classification of lymphoid malignancies. All cases were previously
stained with the classical markers of non-Hodgkin lymphomas to sub-
type the lymphomas. The cases included 29 cases of high-grade lym-
phomas (52.7%) and 26 cases of low-grade lymphomas (47.3%). The
selected cases were diagnosed as follows: 16 cases of diffuse large B-cell

lymphoma (DLBCL 29.1%), 9 cases of anaplastic large cell lymphoma
(ALCL 16.4%), 10 cases of follicular lymphoma (FL 18.2%), 9 cases of
small lymphocytic lymphoma (SLL 16.4%), 7 cases of marginal zone
lymphoma (MZL 12.7%), 2 cases of T-cell lymphoblastic lymphoma (T-
LBL 3.6%), and 2 cases of B-cell lymphoblastic lymphoma (B-LBL 3.6%)
characterized by the malignant proliferation of lymphoblasts in lymph
nodes with positive expression of TDT, CD19, and CD79a.

3.1. Immunohistochemical results

Fifty-five cases were stained with the study immunohistochemical
markers (PAX5, OCT2, BCL6, P53). The intensity was considered either
positive or negative, and expression was considered positive if more
than 10% of the cells demonstrated positive nuclear staining according
to a previous study [31]. All cases were reviewed by two pathologists
(ZA and AD) and confirmed by a third consultant pathologist (YE). All
the positive cases demonstrated nuclear staining for the markers (Pax5,
OCT2, BCL6, P53)
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Fig. 2. Immunohistochemical expression of OCT2 in cases of NHL: (A,B: expression in FL, C,D: expression in DLBCL, E,F: expression in MZL).

For Pax5: Forty-four cases of NHLs (80%) demonstrated diffuse
positive expression. All the positive cases were B-cell non-Hodgkin
lymphomas, whereas 11 cases of T-cell NHLs (20%) including ALCL
and T-LBL were negative. For positive cases, positive expression ranged
from 40 to 95% with a mean value of 77.61%. 32 cases (58.2%)
demonstrated positive expression in more than 75% of cells, whereas 10
cases (18.2%) revealed positive expression in 50-75% of cells.

For OCT2: Similar to Pax5, all cases of B-cell NHLs (n = 44, 80%)
revealed diffuse positive expression of OCT2, whereas 11 cases of T-cell
NHLs (20%) including ALCL and T-LBL were negative. For positive
cases, the mean of expression was 64.43% and frequency ranged from 25
to 90%. 17 cases (30.9%) demonstrated positivity in more than 75% of
cells, whereas 22 cases (40%) demonstrated positive expression in
(50-75%) of cells.

BCL6 and P53 were positive in 16 cases (29,1%) and 37 cases
(67.3%) respectively. The frequency of BCL6 expression ranged from 20
to 70% (Mean value 45.93%) and was mainly concentrated in follicular
centers, and for P53, expression ranged from 10 to 90% (Mean value
29.1%) in a scattered pattern.

3.2. Statistical correlation

Both Pax5 and OCT2 were positive in all cases of DLBCL, FL, SLL,
MZL, and B-LBL with a total of 44 positive cases (80%) for both stains,
whereas they were negative in all cases of ALCL and T-LBL (n = 11, 20%
of cases) (P-value: 0.000 < 0.05). Upon comparing with histological
grading, positive expression was found in 18 cases of high-grade lym-
phomas (62.06%) and 100% of low-grade lymphomas. (P-value: 0.00).
Both stains were strictly expressed in B-cell lymphomas. PAX5 demon-
strated stronger expression (Mean Value of positive cases 77.61%) than
OCT2 (Mean Value of positive cases 64.43%).

Regarding BCL6: We found that BCL6 was positive in 6/16 cases of
DLBCL, 4/9 cases of ALCL, and 6/10 cases of FL. There was no signifi-
cant association between BCL6 and histological grading (P-value: 0.929),
whereas there was a significant association between BCL6 and diagnosis
(P-value: 0.005). Positive expression was highly demonstrated in follic-
ular centers.

For P53: Our study found revealed that P53 was positive in 20/29
cases of high-grade lymphomas and 17/26 cases of low-grade
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Fig. 3. Immunohistochemical expression of BCL6 in cases of FL and DLBCL.

o A

Fig. 4. Immunohistochemical expression of P53.

lymphomas in a scattered pattern. There was a significant association
between P53 expression and diagnosis (P-value: 0.033). There was a
significant association between P53 and grade (P-value: 0.016). Fig. 5
demonstrates the frequency of positive and negative cases among his-
tological diagnoses.

We also aimed to compare the percentage of positive cells among
diagnoses (Table 2). For Pax5: the strongest expression was found in
MZL (Mean 83.57%) followed by FL and SLL (Means 80.5% and 80%
respectively). Regarding OCT2: the highest positive expression was
detected in FL.

BCL6 was negative in all cases of SLL, MZL, and LBL, whereas the
highest positive expression was found in follicular lymphoma (Mean
35%). And finally, the highest expression of P53 was detected in cases of
B-cell lymphoblastic lymphoma and DLBCL, whereas the lowest
expression was demonstrated in FL (Mean 10%).

4. Discussion

This is a unique study that investigates the immunohistochemical
expression of Pax5, OCT2, and BCL6 together with P53 in various
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Table 1
Distribution of Primary sites of cases.
Primary Site of Lymphoma Frequency Percent
Nodal Cervical LN 14 25.5
Axillary LN 10 18.2
Inguinal LN 10 18.2
Mediastinal LN 1 1.8
Periaortic LN 1 1.8
Retroperitonial LN 2 3.6
Extra-nodal Gastric Mucosa 7 12.7
Spleen 5 9.1
Testicle 2 3.6
Mandibular mass 1 1.8
Breast 1 1.8
Skin 1 1.8
Total 55 100.0

subtypes of low-grade and high-grade non-Hodgkin lymphoma. In our
study, we aimed to evaluate the promising role of the aforementioned
markers in innovating a new diagnostic and classification panel for non-
Hodgkin lymphomas.

The most common subtype of NHL in our study was DLBCL (29.1%),
whereas FL was the most common type of low-grade NHL and the second
most common type of all NHL cases (18.2%), similar to previous studies
highlighting that DLBCL and FL represent the most common subtypes of
high-grade and low-grade non-Hodgkin lymphomas in general. The
male to female ratio was 2:1 which is supported by previous studies that
highlight a male predominance in lymphoid malignancies [24,25].

PAXS is a nuclear transcription factor that is highly essential for the
proliferation and differentiation of B cells, and it’s considered a B-cell
lineage marker. Pax5 possesses dual opposite molecular functions
regarding B cell development. On one hand, it’s considered a tran-
scription factor activator of B-lineage required genes by inducing the
active chromatin at target loci. On the other hand, it works as a tran-
scription repressor of other B-cell inappropriate genes [26,27]. In our
study, all cases of B-cell NHL demonstrated positive expression of PAX5,
whereas it was negative in all cases of T-cell lymphomas (ALCL and
T-LBL). Before this study, the diagnosis of B-cell lymphomas at our
institution was built based on the classical B-cell markers (CD19, CD20,
and CD79a). Nevertheless, it’s now well-known that the aforementioned
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markers lack specificity and sensitivity compared to PAX5. Several
studies demonstrated that CD20 is expressed in mature B cells and late
precursor B cells, whereas it’s negative in B-cell lymphomas treated with
rituximab. Also, CD79a demonstrated positive expression in cases of
T-cell lymphoblastic lymphoma, and plasma cell neoplasms. And
regarding CD19, despite its high specificity for B-cell lineage, it’s mostly
recommended to be analyzed by flow cytometry with fresh cells
[28-30].

On the other hand, the strong nuclear expression of PAXS5 in all
developmental stages of B-cells makes it the most reliable and sensitive
immunohistochemical marker in the differential diagnosis of B-cell
NHLs and CHLs. And the strong expression of PAX5 in pre-B cells could
provide more details regarding earlier stages of B-cell development. In
our study, PAXS5 was positive in 100% of B-cell NHL cases. In a study by
Johri et al., PAX5 was positive in 80% of B-cell NHLs. Also, Khan et al.
and Dong et al. found positive expression of PAX5 in approximately all
cases of B-cell NHL cases. PAX5 is also extremely useful in excluding
plasma cell neoplasms, T-cell lymphomas including ALCL, and epithelial
and mesenchymal tumors that might demonstrate positive expression
for other B-cell markers [28,29,31]. All the aforementioned factors
supported the major role of PAXS5 in cell lineage diagnosis in our study.

Furthermore, we aimed to compare the expression rates among
histological subtypes. In our study, MZL demonstrated the strongest
expression of PAX5 (Mean 83.57%) followed by FL and SLL (Means
80.5% and 80.0% respectively). All the aforementioned subtypes are
considered low-grade lymphomas. These results could be explained by
the high concentration of PAX5-positive B cells in mantle zone cells and
follicles in normal lymphoid tissues, and therefore, the strongest
expression of PAX5 is mostly detected in lymphomas derived from
mantle zone and germinal center cells in earlier stages of malignant
transformation [31,32]. Furthermore, PAX5 demonstrated diffuse
expression in DLBCL, FL, SLL, and B-LBL, whereas it demonstrated a
higher frequency in marginal zone cells in cases of MZL. In addition, our
study demonstrated that PAX5 could represent a promising prognostic
marker as it was more expressed in low-grade lymphomas compared to
the more aggressive lymphomas.

Another transcription factor was included in our study for the
detection of B-cell lymphomas. Oct2 or Octamer-binding protein 2 is a B-
cell transcription factor that is restricted to and detected in all
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Fig. 5. Charts demonstrating positive and negative cases among diagnoses (A: PAX5 distribution among diagnoses, B: OCT2 distribution among diagnoses, C: BCL6

distribution among diagnoses, D: P53 distribution among diagnoses).
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Table 2
Means of expression among histological subtypes.

diagnosis PAX5 OCT2 BCL6 P53

ALCL Mean 0.0000% 0.0000% 18.3333% 14.1667%
Std. 0.00000% 0.00000% 22.63846% 15.94261%
Deviation
Minimum 0.00% 0.00% 0.00% 0.00%
Maximum 0.00% 0.00% 50.00% 40.00%

DLBCL Mean 71.2500% 60.9375% 13.4375% 37.6923%
Std. 16.17611% 20.59278% 19.97655% 26.50593%
Deviation
Minimum 40.00% 25.00% 0.00% 0.00%
Maximum 90.00% 90.00% 60.00% 90.00%

FL Mean 80.5000% 70.0000% 35.5000% 10.0000%
Std. 11.41393% 16.32993% 31.48633% 4.08248%
Deviation
Minimum 55.00% 30.00% 0.00% 5.00%
Maximum 95.00% 85.00% 70.00% 15.00%

B-LBL Mean 75.0000% 67.5000% 0.0000% 45.0000%
Std. 7.07107% 3.53553% 0.00000% 0.00000%.
Deviation
Minimum 70.00% 65.00% 0.00% 45.00%
Maximum 80.00% 70.00% 0.00% 45.00%

MZL Mean 83.5714% 66.4286% 0.0000% 12.5000%
Std. 8.01784% 10.69045% 0.00000% 13.32291%
Deviation
Minimum 70.00% 50.00% 0.00% 0.00%
Maximum 95.00% 80.00% 0.00% 35.00%

SLL Mean 80.0000% 60.5556% 0.0000% 18.0000%
Std. 6.61438% 7.68295% 0.00000% 2.73861%
Deviation
Minimum 70.00% 50.00% 0.00% 15.00%
Maximum 90.00% 70.00% 0.00% 20.00%

T-LBL Mean 0.0000% 0.0000% 0.0000% 0.0000%
Std. 0.00000% 0.00000% 0.00000% 0.00000%
Deviation
Minimum 0.00% 0.00% 0.00% 0.00%
Maximum 0.00% 0.00% 0.00% 0.00%

developmental stages of B cells. OCT2 is essential for post-natal survival
and maturation of B cells and plays a major role in immunoglobulin
production and germinal center formation. Due to its high expression in
immature and mature B cells, it’s well-recognized as a highly sensitive
marker similar to Pax5 for detecting B-cell lineage in controversial cases
[33].

Yin et al. suggested using OCT2 as a definite B-cell lineage identifier
in cases that reveal morphological characteristics of B-cell lymphomas
with negative expression of the conventional markers CD20, and CD79a.
The study highlighted a possible role of OCT2 in replacing molecular
techniques in controversial cases including ALK-positive large B-cell
lymphoma (ALK + LBCL), plasmablastic lymphoma (PBL), primary
effusion lymphoma (PEL), the solid variant of PEL, HHV8-positive large
B-cell lymphoma (HHV8+ LBCL), and B-cell lymphomas treated with
Rituximab that demonstrate negative expression of the classical B-cell
markers which might lead to a delayed inaccurate diagnosis [34]. In our
study, OCT2 demonstrated strong nuclear expression in all cases of
B-cell non-Hodgkin lymphomas whereas it was negative in ALCL and
T-LBL cases. The highest expression was detected in FL and B-LBL in a
diffuse pattern (Means 70% and 67.5% respectively).

Upon comparing both PAX5 and OCT2 with histological grading,
positive expression was found in 18 cases of high-grade lymphomas
(62.06%) and 100% of low-grade lymphomas. (P-value: 0.00). Both
stains were strictly expressed in B-cell lymphomas. PAX5 demonstrated
slightly stronger expression (Mean Value of positive cases 77.61%) than
OCT2 (Mean Value of positive cases 64.43%). This limited difference
could be possibly related to the OCT2 clone that was used in our study as
it was also demonstrated in positive control tissues and reviewed by
three expert pathologists. Nevertheless, due to the limited number of
cases in our study and the inability to perform further molecular and
ancillary techniques due to economic restrictions, investigation of the
aforementioned difference requires further studies.
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BCL6 is a nuclear transcriptional repressor of apoptotic and cell cycle
arrest genes including P53. BCL6 protein is highly expressed in germinal
center B-cells and their counterparts in lymphoid malignancies mainly
FL and DLBCL. Few studies also demonstrated lower expression in
several cases of ALCL [35,36]. In our study, BCL6 was positive in 16
cases of NHLs (28.1%) categorized into 6/16 cases of DLBCL (37.5% of
DLBCL), and 4/9 (44.4%) cases of ALCL, and 6/10 (60%) cases of FL
mainly in follicular centers. Whereas all cases of SLL, MZL, and
lymphoblastic lymphomas demonstrated negative expression.

Furthermore, BCL6 is the most prominent somatic alteration in
DLBCL. It’s required for the regulation and development of germinal
centers and is associated with a better prognosis in the GCB-like subtype,
whereas in the post-GCB subtype it demonstrated distinct translocations
that correlate with a worse prognosis [37]. Furthermore, in FL, t(14;18)
(@32;q921) represents the most common translocation, whereas BCL6
mutations reflect a worse prognosis and a more aggressive course. On
the other hand, MZL is associated with t(11;18)(q21;q21), 6q23 dele-
tion, and NOTCH2 mutations [3].

In our study, there was no significant association between BCL6 and
histological grading (P-value: 0.929), whereas there was a significant
association between BCL6 and diagnosis (P-value: 0.005), and the
highest positive expression was found in follicular lymphoma (Mean
35%). In control tissues, BCL6 expression was restricted to germinal
centers, similar to studies demonstrating the distribution of BCL6 posi-
tive cells in normal and malignant tissue [35,38]. On the molecular
level, BCL6 mutations in FL reflect a tendency to transform into a
high-grade lymphoma. Therefore, the high expression of BCL6 in FL
could demonstrate a worse prognosis in our study.

P53 is a transcriptional regulator that plays a critical role in inducing
apoptosis and cell cycle arrest. Mutations of the P53 gene reflected by
P53 immunohistochemical expression are crucial for promoting malig-
nant transformation and are found in 25-30% of NHL. In a study by
Hussein et al., high P53 expression was detected in approximately
25-30% of high-grade lymphomas, whereas lower expression correlated
with a lower grade. Furthermore, additional studies demonstrated that
low expression of P53 was detected in low-grade lymphomas whereas
higher overexpression was detected in more aggressive subtypes
including DLBCL and BL, and reflected a worse prognosis [39-41]. In
our study, P53 revealed a scattered diffuse pattern of positivity in 37
cases of NHLs (67.3%) including 20/29 cases of high-grade lymphomas
and 17/26 cases of low-grade lymphomas. And similar to previous
studies, there was a significant association between P53 expression and
histological grade (P-value: 0.016). Also, a significant association was
found between P53 and diagnosis (P-value: 0.033 < 0.05). The positive
expression of the monoclonal antibody of P53 in our study reflected a
mutational P53 gene in high-grade neoplasms. The highest expression of
P53 was detected in cases of B-cell lymphoblastic lymphoma (Mean
45%), whereas the lowest expression was demonstrated in FL (Mean
10%).

Limitations of the study included the absence of molecular tech-
niques due to economic restrictions. Nevertheless, although the molec-
ular study would have provided more accuracy regarding the diagnosis,
we managed to challenge these circumstances through utilizing a wide
panel of immunohistochemical markers in our study in addition to the
confirmation and detailed reviewing of morphological and immuno-
histochemical features by three expert pathologists. Furthermore, we
managed to compare the immunohistochemical markers between low-
grade and high-grade NHL subtypes, highlighting the importance of
histopathological and immunohistochemical correlation.

5. Conclusion

In conclusion, immunohistochemical detection of PAX5, OCT2, BCL,
and P53 played a major role in the diagnosis, classification, and grading
of non-Hodgkin lymphomas in our study. Both PAX5 and OCT2 provided
more accuracy and specificity in the diagnosis of B-cell neoplasms
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compared to the classical B-cell markers. Inmunohistochemical staining
of BCL6 reflected its role in germinal center formation in normal and
malignant lymphoid tissues, and expression of P53 mirrored the accu-
mulation of gene mutations in more aggressive lymphoma subtypes. In
this manuscript, we aimed to present a unique study that highlights the
immunohistochemical expression of all the aforementioned factors
among various histological subtypes of non-Hodgkin lymphomas,
highlighting a promising diagnostic and prognostic panel for non-
Hodgkin lymphoma subtypes in the absence of molecular techniques.

Provenance and peer review

Not commissioned, externally peer-reviewed.

Conflicts of interest

None declared.

Sources of funding

None declared. The research didn’t receive any funding.

Ethical Approval

Ethical Approval was obtained from the Research Ethics Committee
of Tishreen University in accordance with the Declaration of Helsinki.

Consent

Not Applicable.

Author contribution

SI: Drafted the manuscript and participated in the pathologic and
immunohistochemical examination. YE: Reviewed the cases, confirmed
the histopathological examination and immunohistochemical results,
and participated in drafting the article. AD: Performed immunohisto-
chemical examination and participated in the histopathological exami-
nation and in drafting the manuscript. ZA: performed histopathological
and immunohistochemical examination and participated in drafting the
manuscript. All authors have read and approved the final manuscript.

Registration of research studies

Registration of research studies: The research is a cross-sectional
study on archival paraffin blocks that are stored at the department of
pathology at Tishreen University for research purposes and does not
involve human participants or direct interventions on humans. The

protocol was approved and registered by the Research Ethics Committee
at Tishreen University.

Guarantor

Dr. Zuheir Alshehabi.

Acknowledgement

The authors would like to thank Kinda Khalil for her technical help in
the immunohistochemical staining process.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.amsu.2022.103786.

Annals of Medicine and Surgery 78 (2022) 103786

References

[1] S.H. Swerdlow, E. Campo, S.A. Pileri, et al., The 2016 revision of the World Health
Organization classification of lymphoid neoplasms, Blood 127 (20) (2016)
2375-2390, https://doi.org/10.1182/blood-2016-01-643569.

[2] S. Pratap, T.S. Scordino, Molecular and cellular genetics of non-Hodgkin
lymphoma: diagnostic and prognostic implications, Exp. Mol. Pathol. 106 (2019)
44-51, https://doi.org/10.1016/j.yexmp.2018.11.008.

[3] L.L. Hester, S.I. Park, W.A. Wood, et al., Cause-specific mortality among Medicare
beneficiaries with newly diagnosed non-Hodgkin lymphoma subtypes, Cancer 125
(7) (2019) 1101-1112, https://doi.org/10.1002/cncr.31821.

[4] J.W. Said, Aggressive B-cell lymphomas: how many categories do we need? Mod.
Pathol. 26 (Suppl 1) (2013) S42-S56, https://doi.org/10.1038/
modpathol.2012.178, 0 1.

[5] F. Cabanillas, N. Rivera, W.I. Pardo, Indolent lymphomas that present with
clinically aggressive features: a subset of low-grade lymphomas with a behavior
inconsistent with the histologic diagnosis, Clin. Lymphoma, Myeloma & Leukemia
16 (10) (2016) 550-557, https://doi.org/10.1016/j.clml.2016.08.011.

[6] F. Morabito, L. Baldini, C. Stelitano, et al., Prospective study of indolent
nonfollicular non-Hodgkin’s lymphoma: validation of Gruppo Italiano per lo studio
dei linfomi (GISL) prognostic criteria for watch and wait policy, Leuk. Lymphoma
43 (2002) 1933-1938.

[7] P. Matthias, A.G. Rolink, Transcriptional networks in developing and mature B

cells, Nat. Rev. Immunol. 5 (6) (2005) 497-508, https://doi.org/10.1038/nri1633.

B. Bartholdy, P. Matthias, Transcriptional control of B cell development and

function, Gene 327 (1) (2004) 1-23, https://doi.org/10.1016/j.gene.2003.11.008.

[9] P. Mhawech-Fauceglia, R. Saxena, S. Zhang, et al., Pax-5 immunoexpression in
various types of benign and malignant tumours: a high-throughput tissue
microarray analysis, J. Clin. Pathol. 60 (6) (2007) 709-714, https://doi.org/
10.1136/jcp.2006.039917.

[10] M. Schebesta, P.L. Pfeffer, M. Busslinger, Control of pre-BCR signaling by Pax5-
dependent activation of the BLNK gene, Immunity 17 (4) (2002) 473-485, https://
doi.org/10.1016/5s1074-7613(02)00418-1.

[11] S.L. Nutt, P. Urbanek, A. Rolink, et al., Essential functions of Pax5 (BSAP) in pro-B
cell development: difference between fetal and adult B lymphopoiesis and reduced
V-to-DJ recombination at the IgH locus, Genes Dev. 11 (4) (1997) 476-491,
https://doi.org/10.1101/gad.11.4.476.

[12] S.L. Nutt, A.M. Morrison, P. Dorfler, et al., Identification of BSAP (Pax-5) target
genes in early B-cell development by loss- and gain-of-function experiments, EMBO
J. 17 (8) (1998) 2319-2333, https://doi.org/10.1093/emboj/17.8.2319.

[13] C. Cobaleda, W. Jochum, M. Busslinger, Conversion of mature B cells into T cells by
dedifferentiation to uncommitted progenitors, Nature 449 (7161) (2007) 473-477,
https://doi.org/10.1038/nature06159.

[14] T. Wirth, L. Staudt, D. Baltimore, An octamer oligonucleotide upstream of a TATA
motif is sufficient for lymphoid-specific promoter activity, Nature 329 (1987)
174-178.

[15] A.L Séez, M.J. Artiga, M. Sanchez-Beato, et al., Analysis of octamer-binding
transcription factors Oct2 and Octl and their coactivator BOB.1/0BF.1 in
lymphomas, Mod. Pathol. 15 (3) (2002) 211-220, https://doi.org/10.1038/
modpathol.3880518.

[16] L. Yin, J. Xu, M. Li, et al., Oct2 and Bob1 are sensitive and specific markers in
lineage determination of B cell lymphomas with no expression of conventional B
cell markers, Histopathology 69 (5) (2016) 775-783, https://doi.org/10.1111/
his.13017.

[17] F. Jardin, P. Ruminy, C. Bastard, et al., The BCL6 proto-oncogene: a leading role
during germinal center development and lymphomagenesis, Pathol. Biol. 55 (1)
(2007) 73-83, https://doi.org/10.1016/j.patbio.2006.04.001.

[18] A.L.Dent, F.H. Vasanwala, L.M. Toney, Regulation of gene expression by the proto-
oncogene BCL-6, Crit. Rev. Oncol. Hematol. 41 (1) (2002) 1-9, https://doi.org/
10.1016/s1040-8428(01)00164-0.

[19] S.L. Harris, A.J. Levine, The p53 pathway: positive and negative feedback loops,
Oncogene 24 (17) (2005) 2899-2908, https://doi.org/10.1038/sj.0nc.1208615.

[20] R.K. Sitepu, R. Natzir, Warsinggih, et al., Relation between expression of hMLH1
and p53 mRNA genes, in the feces of patients with colorectal carcinoma. Cross-
sectional study, Ann Med Surg (Lond). 73 (2022), 103237, https://doi.org/
10.1016/j.amsu.2021.103237. Published 2022 Jan 6.

[21] C.E. Klumb, D.R. Furtado, L.M. de Resende, et al., DNA sequence profile of TP53
gene mutations in childhood B-cell non-Hodgkin’s lymphomas: prognostic
implications, Eur. J. Haematol. 71 (2) (2003) 81-90, https://doi.org/10.1034/
j-1600-0609.2003.00094.x.

[22] D.J. Adamson, W.D. Thompson, A.A. Dawson, et al., p53 mutation and expression
in lymphoma, Br. J. Cancer 72 (1) (1995) 150-154, https://doi.org/10.1038/
bjc.1995.292.

[23] G. Mathew, R. Agha, for the STROCSS Group, STROCSS 2021: strengthening the
Reporting of cohort, cross-sectional and case-control studies in Surgery, Int. J.
Surg. 96 (2021), 106165.

[24] A. Smith, E. Roman, D. Howell, et al., The Haematological Malignancy Research
Network (HMRN): a new information strategy for population based epidemiology
and health service research, Br. J. Haematol. 148 (2010) 739-753, https://doi.org/
10.1111/j.1365-2141.2009.08010.x.

[25] S. Pratap, T.S. Scordino, Molecular and cellular genetics of non-Hodgkin
lymphoma: diagnostic and prognostic implications, Exp. Mol. Pathol. 106 (2019)
44-51, https://doi.org/10.1016/j.yexmp.2018.11.008.

[26] L. Calderdn, K. Schindler, S.G. Malin, et al., Pax5 regulates B cell immunity by
promoting PI3K signaling via PTEN down-regulation, Sci Immunol 6 (61) (2021),
eabg5003, https://doi.org/10.1126/sciimmunol.abg5003.

[8

[}


https://doi.org/10.1016/j.amsu.2022.103786
https://doi.org/10.1016/j.amsu.2022.103786
https://doi.org/10.1182/blood-2016-01-643569
https://doi.org/10.1016/j.yexmp.2018.11.008
https://doi.org/10.1002/cncr.31821
https://doi.org/10.1038/modpathol.2012.178
https://doi.org/10.1038/modpathol.2012.178
https://doi.org/10.1016/j.clml.2016.08.011
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref6
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref6
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref6
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref6
https://doi.org/10.1038/nri1633
https://doi.org/10.1016/j.gene.2003.11.008
https://doi.org/10.1136/jcp.2006.039917
https://doi.org/10.1136/jcp.2006.039917
https://doi.org/10.1016/s1074-7613(02)00418-1
https://doi.org/10.1016/s1074-7613(02)00418-1
https://doi.org/10.1101/gad.11.4.476
https://doi.org/10.1093/emboj/17.8.2319
https://doi.org/10.1038/nature06159
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref14
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref14
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref14
https://doi.org/10.1038/modpathol.3880518
https://doi.org/10.1038/modpathol.3880518
https://doi.org/10.1111/his.13017
https://doi.org/10.1111/his.13017
https://doi.org/10.1016/j.patbio.2006.04.001
https://doi.org/10.1016/s1040-8428(01)00164-0
https://doi.org/10.1016/s1040-8428(01)00164-0
https://doi.org/10.1038/sj.onc.1208615
https://doi.org/10.1016/j.amsu.2021.103237
https://doi.org/10.1016/j.amsu.2021.103237
https://doi.org/10.1034/j.1600-0609.2003.00094.x
https://doi.org/10.1034/j.1600-0609.2003.00094.x
https://doi.org/10.1038/bjc.1995.292
https://doi.org/10.1038/bjc.1995.292
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref23
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref23
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref23
https://doi.org/10.1111/j.1365-2141.2009.08010.x
https://doi.org/10.1111/j.1365-2141.2009.08010.x
https://doi.org/10.1016/j.yexmp.2018.11.008
https://doi.org/10.1126/sciimmunol.abg5003

S. Ismail et al.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

S. McManus, A. Ebert, G. Salvagiotto, et al., The transcription factor Pax5 regulates
its target genes by recruiting chromatin-modifying proteins in committed B cells,
EMBO J. 30 (12) (2011) 2388-2404, https://doi.org/10.1038/emboj.2011.140.
Published 2011 May 6.

M.R. Khan, A. Ahmad, N. Kayani, et al., Expression of PAX-5 in B cell hodgkin and
non hodgkin lymphoma, Asian Pac. J. Cancer Prev. APJCP 19 (12) (2018)
3463-3466, https://doi.org/10.31557/APJCP.2018.19.12.3463. Published 2018
Dec 25.

H.Y. Dong, P. Browne, Z. Liu, et al., PAX-5 is invariably expressed in B-cell
lymphomas without plasma cell differentiation, Histopathology 53 (3) (2008)
278-287, https://doi.org/10.1111/§.1365-2559.2008.03091.x.

N. Masir, T. Marafioti, M. Jones, et al., Loss of CD19 expression in B-cell
neoplasms, Histopathology 48 (3) (2006) 239-246, https://doi.org/10.1111/
j.1365-2559.2005.02317.x.

N Johri, S.C. Patne, M. Tewari, et al., Diagnostic utility of PAX5 in hodgkin and

non-hodgkin lymphoma: a study from northern India, J. Clin. Diagn. Res. 10 (8)
(2016) XC04-XCO07, https://doi.org/10.7860/JCDR/2016/21476.8352.

E. Torlakovic, G. Torlakovic, P.L. Nguyen, et al., The value of anti-pax-5
immunostaining in routinely fixed and paraffin-embedded sections: a novel pan
pre-B and B-cell marker, Am. J. Surg. Pathol. 26 (10) (2002) 1343-1350, https://
doi.org/10.1097,/00000478-200210000-00011.

M. Garcia-Cosio, A. Santdn, P. Martin, et al., Analysis of transcription factor OCT.1,
OCT.2 and BOB.1 expression using tissue arrays in classical Hodgkin’s lymphoma,
Mod. Pathol. 17 (12) (2004) 1531-1538, https://doi.org/10.1038/
modpathol.3800227.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Annals of Medicine and Surgery 78 (2022) 103786

L. Yin, J. Xu, M. Li, et al., Oct2 and Bob1 are sensitive and specific markers in
lineage determination of B cell lymphomas with no expression of conventional B
cell markers, Histopathology 69 (5) (2016) 775-783, https://doi.org/10.1111/
his.13017.

T. Onizuka, M. Moriyama, T. Yamochi, et al., BCL-6 gene product, a 92- to 98-kD
nuclear phosphoprotein, is highly expressed in germinal center B cells and their
neoplastic counterparts, Blood 86 (1) (1995) 28-37.

D. Allman, A. Jain, A. Dent, et al., BCL-6 expression during B-cell activation, Blood
87 (12) (1996) 5257-5268.

M.R. Green, C. Vicente-Duenas, I. Romero-Camarero, et al., Transient expression of
Bcl6 is sufficient for oncogenic function and induction of mature B-cell lymphoma,
Nat. Commun. 5 (2014) 3904, https://doi.org/10.1038/ncomms4904. Published
2014 Jun 2.

G. Cattoretti, L. Pasqualucci, G. Ballon, et al., Deregulated BCL6 expression
recapitulates the pathogenesis of human diffuse large B cell lymphomas in mice,
Cancer Cell 7 (5) (2005) 445-455, https://doi.org/10.1016/j.ccr.2005.03.037.
M.R. Hussein, T.M. Al-Sabae, M.N. Georgis, Analysis of the Bcl-2 and p53 protein
expression in the lymphoproliferative lesions in the upper Egypt, Cancer Biol. Ther.
4 (3) (2005) 324-328, https://doi.org/10.4161/cbt.4.3.1568.

K. Leroy, C. Haioun, E. Lepage, et al., p53 gene mutations are associated with poor
survival in low and low-intermediate risk diffuse large B-cell lymphomas, Ann.
Oncol. 13 (7) (2002) 1108-1115, https://doi.org/10.1093/annonc/mdf185.

G.K. Charalambous, I.P. Gomatos, M.M. Konstadoulakis, et al., Protein expression
of bax, bcl-2, and p53 in patients with non-Hodgkin’s gastric lymphoma:
prognostic significance, World J. Surg. 24 (5) (2000) 608-614, https://doi.org/
10.1007/5002689910098.


https://doi.org/10.1038/emboj.2011.140
https://doi.org/10.31557/APJCP.2018.19.12.3463
https://doi.org/10.1111/j.1365-2559.2008.03091.x
https://doi.org/10.1111/j.1365-2559.2005.02317.x
https://doi.org/10.1111/j.1365-2559.2005.02317.x
https://doi.org/10.7860/JCDR/2016/21476.8352
https://doi.org/10.1097/00000478-200210000-00011
https://doi.org/10.1097/00000478-200210000-00011
https://doi.org/10.1038/modpathol.3800227
https://doi.org/10.1038/modpathol.3800227
https://doi.org/10.1111/his.13017
https://doi.org/10.1111/his.13017
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref35
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref35
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref35
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref36
http://refhub.elsevier.com/S2049-0801(22)00546-5/sref36
https://doi.org/10.1038/ncomms4904
https://doi.org/10.1016/j.ccr.2005.03.037
https://doi.org/10.4161/cbt.4.3.1568
https://doi.org/10.1093/annonc/mdf185
https://doi.org/10.1007/s002689910098
https://doi.org/10.1007/s002689910098

	Immunohistochemical expression of transcription factors PAX5, OCT2, BCL6 and transcription regulator P53 in Non-Hodgkin lym ...
	1 Introduction
	2 Methods
	2.1 Cases selection
	2.2 Immunohistochemistry
	2.3 Statistical analysis

	3 Results
	3.1 Immunohistochemical results
	3.2 Statistical correlation

	4 Discussion
	5 Conclusion
	Provenance and peer review
	Conflicts of interest
	Sources of funding
	Ethical Approval
	Consent
	Author contribution
	Registration of research studies
	Guarantor
	Acknowledgement
	Appendix A Supplementary data
	References


