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Abstract: Classic Hodgkin lymphoma (cHL), a germinal-center related B cell neoplasm in almost all cases, is charac-
terized by scarcity of the neoplastic Hodgkin/Reed-Sternberg (H/RS) cells. Epstein-Barr virus (EBV) has been shown 
to affect cell cycle and regulation of apoptosis. In total, 95 cases of cHL were studied. Five-micrometer sections 
were prepared and stained with hematoxylin and eosin and immunohistochemical streptavidin-biotin methods for 
EBV-LMP-1, COX-2, p53, p16, ki-67 and cleaved caspase-3. In-situ hybridization for EBV encoded RNA was used to 
confirm the detection of EBV in H/RS. There were 49 nodular sclerosis, 32 mixed cellularity, 8 lymphocyte-rich, and 
6 lymphocyte-depleted subtypes in this series of cases. EBV, COX-2, p16INK4A and p53 were detected in 55% (52/95), 
64% (61/95), 62% (59/95), and 65% (62/95) of the cases respectively. EBV was detected in 62% (38/61), 70% 
(41/59), and 69% (43/62) of COX2, p16 and p53 positive cases respectively. On the other hand, EBV-non-infected 
cases of cHL are associated with 59% (20/34), 69% (25/36), and 73% (24/33) of COX2, p16 and p53 negative 
cases respectively. In conclusion, EBV infection is associated with the expression of COX-2, p16INK4A and p53. EBV 
might be the dominant factor in determining the expression of these three proteins.
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Introduction

Classic Hodgkin lymphoma (cHL), a germinal-
center related B cell neoplasm in nearly all 
cases [1], is characterized by the scarcity of the 
neoplastic Hodgkin/Reed-Sternberg (H/RS) 
cell (1%-10%) with a background of extensive 
inflammatory infiltrate [2]. Most H/RS cells are 
in G1, S, or G2 phases of the cell cycle [3] and 
have defective cell cycle and apoptosis regula-
tion with alterations of the p53 and Rb tumor 
suppressor pathways. Constitutive activation 
of the nuclear factor (NF)-kappa B pathway is 
believed to be involved in the proliferation and 
survival of these cells [4].

Epstein-Barr virus (EBV) is present in H/RS 
cells in 30-96% of cHL cases [5] where it has 
been shown to affect the cell cycle and regula-

tion of apoptosis [6]. EBV is believed to play a 
causative role in other B cell malignancies in 
immunosuppressed individuals [2]. Although, 
EBNA3C is not typically expressed in HRS cells 
featuring a type-2 latent EBV infection, EBV may 
encode proteins that promote cell cycle entry by 
inactivating the retinoblastoma protein (pRb) 
[7]. pRb is a tumor suppressor protein that in its 
hypophosphorylated state, functions as a nega-
tive regulator of the cell cycle by forming com-
plexes with transcription factor, E2F1. E2F1 in 
its active state induces transcription of target 
genes required for S-phase transition. When 
pRb is phosphorylated by the cyclin D/CDKs 
complexes, it becomes inactivated and releas-
es E2F1, thus permitting entry into the G1-S 
phases [8]. Phosphorylation of pRb [8] can be 
prevented by binding of the p16INK4A protein to 
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cyclin dependent kinase (CDK) 4 and CDK6, 
competing with cyclin D1, and prevents phos-
phorylation of pRb [8]. The p16INK4A gene, locat-
ed at 9p21 locus, is a G1-specific cell cycle 
regulatory gene [8].

Cyclooxygenase (Cox) catalyzes the conversion 
of arachidonic acid to prostaglandins and 
thromboxanes [9] and exists in two isoforms, 
Cox-1 and Cox-2. Cox-2 is usually not detectable 
but is inducible by bacterial endotoxin, cyto-
kine, growth factors, and tumor promoters [10]. 
Cox2 regulates cell proliferation, cell adhesion, 
inhibition of apoptosis, immune surveillance, 
and angiogenesis through synthesis of prosta-
glandin E2 [11]. NF-κB, nuclear factor for inter-
leukin-6 (NF-IL-6) and CRE binding (CREB) are 
the main transcription factors responsible for 
the regulation of Cox-2 expression [12-15]. EBV 
LMP-1 and Epstein-Barr nuclear antigen (EBNA) 
3c have been shown to upregulate NF-κB that 
binds to cis-acting elements in the Cox-2 pro-
moter leading to the transcriptional activation 
of Cox-2 [16, 17].

Although Cox-2 has been reported to be 
involved in carcinogenesis and tumor progres-
sion in colonic adenocarcinoma and in several 
other malignancies [18-25], there are few stud-
ies reporting the association between HL and 
expression of Cox-2. Up-regulation of prosta-
glandin synthesis occurs in HL tissues [26]. 
Hsu et al [27] reported the expression of pros-
taglandin H synthase in HRS cells of mixed cel-
lularity (MC) HL and nodular sclerosis (NS) HL. 
Cox-2 expression was detected by Hazar et al 
[28] in seven of 10 cases of cHL. Chang et al. 
[29] reported a reduced risk of cHL in a group 
taking low dose aspirin, a known inhibitor of 
prostaglandins.

The p53 protein acts in the cell cycle to inter-
rupt it at the G1 phase [30]. This suppression 
allows DNA repair in injured cells. Wild-type 
p53 accumulates in response to DNA damage, 
and this, in turn, promotes growth arrest and/or 
apoptosis [31]. Mutation of p53 resulting in 
increased levels of p53 protein expression is 
classically associated with p53 tumor activity 
[32].

In the present study we investigate the correla-
tion of EBV infection with the expression of 
COX-2, p16INK4A, and p53 in H/RS cells in clas-
sic Hodgkin lymphoma and its effect on H/RS 
cell proliferation and apoptosis.

Materials and methods

Review of cases

Archival paraffin blocks of 95 cases of previ-
ously diagnosed cHL were obtained from surgi-
cal pathology files of Tawam Hospital in Al-Ain 
city. Tawam Hospital is the national oncology 
center of the UAE. All hematoxylin and eosin 
(H&E) and immunohistochemical stained sec-
tions were reviewed to confirm the diagnosis 
and to classify the cases into histologic sub-
types according to the WHO classification [33].

Research ethical approval

This research project is approved by Al Ain 
Medical District Human Research Ethical 
Committee-Protocol No. 05-45.

Immunohistochemistry

Immunohistochemical (IHC) staining was per-
formed by standard techniques using the fol-
lowing primary antibodies: EBV-latent mem-
brane protein-1 (LMP-1) (mouse monoclonal, 
clone CS.1-4, DAKO, Glostrup, Denmark, 
1:100), COX-2 (mouse monoclonal, clone CX- 
294, DAKO, Glostrup, Denmark, 1:50), p16INK4A 
(rabbit polyclonal, Santa Cruz biotechnology, 
USA, 1:50), p53 (mouse monoclonal, clone 
DO-7, DAKO, Glostrup, Denmark, 1:50) and 
ki-67 (mouse monoclonal, clone MIB-1, DAKO, 
Glostrup, Denmark, 1:50).

Sections from tonsillar tissue were used as 
positive controls for ki-67. For p53, and COX-2, 
sections from a known colonic carcinoma were 
used as a positive control. For p16INK4A, sec-
tions from a known cervical carcinoma were 
used as a positive control. For LMP-1, known 
positive control sections of Hodgkin lymphoma 
were used. For negative controls, primary anti-
body was replaced with normal goat serum and 
the whole procedure was carried out as in the 
standard procedure.

Staining method for apoptosis

Signal stain cleaved casapase-3 IHC detection 
kit (Cell Signaling Technology, Boston, USA) was 
used to detect the activation of caspase us- 
ing standard avidin-biotin immunoperoxidase 
method to detect intracellular casapase-3 pro-
tein. Staining was performed by standard tech-
nique using rabbit anti-human polyclonal anti-
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body. A known positive control sections for 
apoptosis from breast carcinoma were used. 
For negative control, primary antibody was 
replaced with normal rabbit serum and the 
whole procedure was carried out as in the stan-
dard procedure.

In situ hybridization

In situ hybridization (ISH) was performed by 
standard techniques using a specific oligonu-
cleotide probe (Novocastra-LEBV-K, UK) which 
hybridizes to EBV encoded RNA (EBER) tran-
scripts concentrated in the nuclei of latently 
infected cells. With each batch of cases stud-
ied, positive and negative control slides were 
also run. The positive control slide was a known 
case of EBV positive HL to which a specific 
EBER oligonucleotide probe was added. The 
negative control slide was another section of 
the same case of known EBV positive HL to 
which a random probe consisting of fluorescein 
labeled oligonucleotide cocktail was added. In 
addition, for each case studied, two sections 
were used; the EBER oligonucleotide probe was 
added to one section, and the random probe 
was added to the other. Using this random 
probe as a negative background control along-
side the EBV probe contributes to the validation 
of staining obtained by the EBV probe. If this 
negative control slide showed significant back-
ground staining in a particular case, the slide 
having the EBER probe was considered non-
interpretable and the test was repeated.

Interpretation of results

Two pathologists first reviewed the slides inde-
pendently. When there was disagreement, a 
third pathologist reviewed the slides and a con-
sensus was reached. Using the H&E and immu-
nohistochemical stains, cases were classified 
into HL histologic subtypes. For EBV detection, 
slides stained by IHC and ISH were reviewed 
independently to prevent any bias. For IHC, 

the presence of EBER when the negative con-
trol slide showed a clean background. EBV 
expression was considered positive if H/RS 
cells were positive by both methods. For COX-2 
IHC, cases were labeled positive if H/RS cells 
were reactive in a cytoplasmic staining pattern 
in more than 10% of H/RS cells. For p16INK4A 
IHC, cases were labeled positive if H/RS cells 
were reactive in a nuclear and cytoplasmic 
staining pattern in more than 10% of H/RS 
cells. For p53 IHC, cases were labeled positive 
if H/RS cells were reactive in a nuclear staining 
pattern in more than 10% of H/RS cells.

Apoptotic index

The apoptotic index (AI) based on cleaved cas-
pase-3 labeling was determined by counting 
the number of H/RS cells in 10 randomly 
selected fields without sclerosis or fibrosis. For 
cleaved caspase-3 labeling, H/RS cells were 
considered apoptotic when there was a cyto-
plasmic staining pattern. The labeling index for 
H/RS cells was expressed as the percentage of 
labeled H/RS cell against the total number of 
H/RS cells enumerated.

Ki-67 index

The Ki-67 index based on anti-Ki-67 protein 
labeling was determined by randomly counting 
the number of H/RS cells in ten randomly 
selected fields without sclerosis or fibrosis. For 
Ki-67 labeling, H/RS cells were considered pos-
itive when they showed a nuclear staining pat-
tern. The Ki-67 index for H/RS cells was 
expressed as the percentage of labeled H/RS 
cell against the total number of H/RS cells 
enumerated.

Statistical analysis

Data were analyzed using Statistical Package 
for Social Sciences (SPSS) (version 20) statisti-
cal program (SPSS, Chicago, IL). Standard 

Table 1. Expression of EBV, COX-2, p16INK4A and p53 in cHL
Histologic type Number LMP-1/EBER Cox-2 p16 p53
Nodular sclerosis 49 24 (49%) 33 (67%) 32 (65%) 31 (63%)
Mixed Cellularity 32 20 (62%) 20 (62%) 21 (65%) 23 (72%)
Lymphocytic-rich 8 5 (62%) 4 (50%) 4 (50%) 5 (62%)
Lymphocytic depletion 6 3 (50%) 4 (66%) 2 (33%) 3 (50%)
Total 95 52 (55%) 61 (64%) 59 (62%) 62 (65%)

cases were labeled as pos-
itive for EBV-LMP-1 expres-
sion if the neoplastic cells 
were reactive in a mem-
brane, cytoplasmic and/or 
Golgi staining pattern in H/
RS cells. For ISH, cells with 
a blue precipitate in the 
nucleus of H/RS cells were 
identified as positive for 
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cross-tabulation, the Chi-square and Mantel-
Haenszel test were used to explore associa-
tions. Student t test was used to compare ki-67 
and apoptotic indices in relation to the expres-
sion of EBV, COX-2, p16INK4A, and p53.

Results

There were 49 nodular sclerosis (NS), 32 mixed 
cellularity (MC), 8 lymphocyte-rich (LR), and 6 
lymphocyte depletion (LD) subtypes in this 
series of cases (Table 1).

Expression of EBV in H/RS cell in cHL

EBV-positive cases show brown cytoplasmic 
staining of LMP-1 and bluish nuclear staining 

for EBER in H/RS cells (Figure 1A and 1B). EBV 
was detected in 55% (52/95) of the cases 
(Table 1, Figure 1A and 1B). The median per-
centage of EBV-positive H/RS cells is 36%. 49% 
of NS, 62% of MC, 62% of LR and 50% of LD 
were positive for EBV (Table 1, Figure 2).

Expression of COX2 in H/RS cell in cHL

There was brown cytoplasmic staining of COX-2 
in H/RS cells in COX2-positive cases. COX-2 
was detected in 64% (61/95) of the cases 
(Table 1, Figure 1C and 1D). The median per-
centage of COX2-positive H/RS cells is 48%. 
67% of NS, 62% of MC, 50% of LR and 66% of 
LD were positive for COX2 (Table 1, Figure 2).

Figure 1. Expression of EBV, COX2, p16 and p53 in cHL. A: Representative section of cHL showing blue nuclear 
staining of H/RS cells (arrow head) for EBER, In situ hybridization method. B: Representative section of cHL showing 
brown membranous and cytoplasmic staining of H/RS cell (arrow head) for LMP-1, Immunoperoxidase streptavidin-
biotin method. C&D: Representative section of cHL showing brown cytoplasmic staining of H/RS cell (arrow head) for 
COX2, Immunoperoxidase streptavidin-biotin method. E&F: Representative section of cHL showing brown nuclear 
(arrow head) and cytoplasmic (thin arrow) staining of H/RS cell for p16, Immunoperoxidase streptavidin-biotin 
method. G: Representative section of cHL showing brown nuclear staining of binucleated RS cells (arrow head) and 
mononucleated H/RS cells (thin arrows ) for p53, Immunoperoxidase  streptavidin-biotin method. H: A binucleated 
RS cell showing strong nuclear staining (arrow head) for p53 in one nucleus, please note, big prominent nucleolus 
is not stained for p53.
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A statistically significant relationship was 
observed between the presence of EBV and 
expression of COX-2 (p=0.047) (Table 2).

Expression of p16INK4A in H/RS cell in cHL

There was brown nuclear and cytoplasmic 
staining of p16 in H/RS cells in p16-positive 

cases. Expression of p16INK4A was detected in 
62% (59/95) of the cases (Table 1, Figure 1E 
and 1F). The median percentage of p16-posi-
tive HRS cells is 38%. 65% of NS, 65% of MC, 
50% of LR and 33% of LD were positive for 
p16INK4A (Table 1, Figure 2).

A statistically significant relationship was 
observed between the presence of EBV and 
expression of p16 (p<0.0001) (Table 3).

Expression of p53 in H/RS cell in cHL

There was brown nuclear staining of p53 in H/
RS cells in p53-positive cases. The expression 
of p53 was detected in 65% (62/95) of the 
cases (Table 1, Figure 1G and 1H). The median 
percentage of p53-positive HRS cells is 47%. 
63% of NS, 72% of MC, 62% of LR and 50% of 
LD were positive for p53 (Table 1, Figure 2).

A statistically significant relationship was 
observed between the presence of EBV and 
expression of p53 (p<0.001) (Table 4).

Correlation of EBV with COX2, p16 and p53 in 
H/RS cell in cHL

EBV was detected in 62% (38/61), 70% (41/59), 
and 69% (43/62) of COX2, p16 and p53 posi-
tive cases respectively (Tables 2-4). On the 
other hand, EBV-non-infected cases of cHL are 
associated with 59% (20/34), 69% (25/36), 
and 73% (24/33) of COX2, p16 and p53 nega-
tive cases respectively (Tables 2-4). Hence, 
EBV expression was strongly associated with 
the expression of COX-2, p16INK4A and p53. Cox-

Figure 2. Bar graph showing expression of EBV, COX-2, p16 and p53 in histologic subtypes of classic Hodgkin lym-
phoma.

Table 2. Cross tabulation of EBV expression 
and COX-2 expression in H/RS cells in HL

Expression
COX-2

Total
Negative Positive

EBV Negative 20 23 43
Positive 14 38 52

Total 34 61 95

Table 3. Cross tabulation of EBV expression 
and p16 expression in H/RS cells in HL

Expression
P16

Total
Negative Positive

EBV Negative 25 18 43
Positive 11 41 52

Total 36 59 95

Table 4. Cross tabulation of EBV expression 
and p53 expression in H/RS cells in HL

Expression
P53

Total
Negative Positive

EBV Negative 24 19 43
Positive 9 43 52

Total 33 62 95
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2, p16, and p53 were also strongly, and statisti-
cally significant mutually associated. However, 
this association became statistically not signifi-
cant when adjusting for EBV infection (by 
Mantel-Haenszel test). This suggests that EBV 
is the dominant factor in determining the 
expression of these three factors.

Cell proliferation and apoptosis

Ki-67 positivity ranged from 29% to 95% of the 
H/RS cells, with variable staining intensity from 
case to case. The mean Ki-67 index in EBV+ve 
cHL was 77% but only 64% in EBV-ve cHL 
(Figure 3A) and (Figure 4A and 4B). There was 

Figure 3. Bar graph showing Ki-67 proliferative index and apoptotic index in relation to EBV, COX2, p16 and p53 ex-
pression in H/RS cells in cHL. A: Ki-67 index in EBV+ve and EBV-ve HL, showing significant increase in ki-67 index in 
EBV+ve HL, B: AI in EBV+ve and EBV-ve HL, show significant increase in AI in EBV-ve HL, C: Ki-67 index in COX-2+ve 
and COX-2-ve HL, showing no significant difference in the ki-67 index. D: AI in COX-2+ve and COX-2-ve HL, showing 
no significant difference in AI. E: Ki-67 index in p16+ve and p16-ve HL, showing no significant difference in the ki-
67 index. F: AI in p16+ve and p16-ve HL, showing no significant difference in the AI. G: Ki-67 index in p53+ve and 
p53-ve HL, is showing significant increase in ki-67 index in p53+ve HL. H: AI in p53+ve and p53-ve HL, is showing 
significant increase in AI in p53-ve HL.
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a significant association between the expres-
sions of EBV and the Ki-67 index (p: 0.001) 
(Table 5). The mean Ki-67 index in COX-2+ve 
cHL was 71% but only 69% in COX-2-ve cHL 
(Figure 3C) and (Figure 4C and 4D). There was 
no significant association between the expres-
sion of COX-2 and the Ki-67 index (p: 0.66) 
(Table 5). The mean Ki-67 index in p16+ve cHL 
was 72% and 70% in p16-ve cHL (Figure 3E) 
and (Figure 4E and 4F). There was no signifi-
cant association between the expressions of 
p16 and the ki-67 index (p value: 0.46) (Table 
5). The mean Ki-67 index in p53+ve cHL was 

77% and 65% in p53-ve cHL (Figure 3G) and 
(Figure 4G and 4H). There was a significant 
association demonstrable between the expres-
sion of p53 and the ki-67 index (p value: 0.003) 
(Table 5).

There was good correlation between apoptotic 
morphology and cleaved caspase-3 staining 
(Figure 5). The AI of the H/RS cells in the cases 
ranged from 5.8 to 10.6%, with a mean of 8.1% 
in EBV+ve cHL, while in EBV-ve cHL, the mean 
AI was 8.76% (Figure 3B) and (Figure 5A and 
5B). Although the analysis of the EBV expres-

Figure 4. Ki-67 immunohistochemical staining in cHL. A&B: Showing nuclear immunoreactivity of H/RS cells (thick 
arrows) to ki-67 in EBV+ve and EBV-ve HL respectively. Some adjacent lymphocytes show immunoreactivity to ki-67 
too (arrow head). There is significant increase in ki-67 positive H/RS cells (thick arrows) in EBV+ve HL. Streptavidin-
biotin immunoperoxidase method. C&D: Showing nuclear immunoreactivity of H/RS cells (thick arrows) to ki-67 
in COX2+ve and COX2-ve HL respectively. Some adjacent lymphocytes show immunoreactivity to ki-67 too (arrow 
head). There is no significant difference in ki-67 positive H/RS cells (thick arrows) between COX2+ve and COX2-ve 
HL. Streptavidin-biotin immunoperoxidase method. E&F: Showing nuclear immunoreactivity of H/RS cells (thick ar-
rows) to ki-67 in p16+ve and p16-ve HL respectively. Some adjacent lymphocytes show immunoreactivity to ki-67 
too (arrow head). There is no significant difference in ki-67 positive H/RS cells (thick arrows) between p16+ve and 
p16-ve HL. Streptavidin-biotin immunoperoxidase method. G&H: Showing nuclear immunoreactivity of H/RS cells 
(thick arrows) to ki-67 in p53+ve and p53-ve HL respectively. Some adjacent lymphocytes show immunoreactivity 
to ki-67 too (arrow head). There is significant increase in ki-67 positive H/RS cells (thick arrows) in p53+ve HL. 
Streptavidin-biotin immunoperoxidase method.
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sion in combination with the AI showed a statis-
tical significant correlation (p: 0.0002) (Table 
5), this difference is likely of little biological 
meaning (8.1% vs. 8.76% AI).

The mean AI of the H/RS cells in COX-2+ve cHL 
was 7.9%, while in COX-2-ve cHL, the mean AI 

was 8.1% (Figure 3D) and (Figure 5C and 5D). 
Analysis of the COX-2 expression in combina-
tion with the AI did not show any statistically 
significant correlation (p value: 0.27) (Table 5). 

The mean AI of the H/RS cells in p16+ve cHL 
was 8.19%, while in p16-ve cHL, the mean AI 

Table 5. Ki-67 index and apoptotic index in relation to the expression of EBV, COX-2, p16 and p53 in 
H/RS cells

Procedure
EBV COX-2 P16 P53

+ % - % p value + % - % p value + % - % p value + % - % p value
Ki-67 index 77 64 0.001 71 69 0.66 72 70 0.46 77 65 0.003
Apoptotic index 8.1 8.76 0.0002 7.9 8.1 0.27 8.19 8.38 0.12 7.69 8.77 0.0001

Figure 5. Cleaved caspase 3 staining in cHL. A&B: Showing cytoplasmic immunoreactivity of H/RS cells (arrow head) 
to cleaved-caspase in EBV+ve and EBV-ve HL respectively. There is significant increase in cleaved-caspase-positive 
H/RS cells (arrow head) in EBV-ve HL. Streptavidin-biotin immunoperoxidase method. C&D: Showing cytoplasmic 
immunoreactivity of H/RS cells (arrow head) to cleaved-caspase in COX2+ve and COX2-ve HL respectively. There 
is no significant difference in cleaved-caspase-positive H/RS cells (arrow head) between COX2+ve and COX2-ve 
HL. Streptavidin-biotin immunoperoxidase method. E&F: Showing cytoplasmic immunoreactivity of H/RS cells (ar-
row head) to cleaved-caspase in p16+ve and p16-ve HL respectively. There is no significant difference in cleaved-
caspase-positive H/RS cells (arrow head) between p16+ve and p16-ve HL. Streptavidin-biotin immunoperoxidase 
method. G&H: Showing cytoplasmic immunoreactivity of H/RS cells (arrow head) to cleaved-caspase in p53+ve and 
p53-ve HL respectively. There is significant increase in cleaved-caspase-positive H/RS cells (arrow head) in p53-ve 
HL. Streptavidin-biotin immunoperoxidase method.
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was 8.38% (Figure 3F) and (Figure 5E and 5F). 
Analysis of the p16 expression in combination 
with the AI did not show any statistically signifi-
cant correlation (p value: 0.12) (Table 5).

The mean AI of the H/RS cells in p53+ve cHL 
was 7.69%, while in p53-ve cHL, the mean AI 
was 8.77% (Figure 3H) and (Figure 5G and 5H). 
Although the analysis of the p53 expression in 
combination with the AI shows a statistically 
significant correlation (p: 0.0001) (Table 5), 
this difference is likely of little biological mean-
ing (7.69% vs. 8.77% AI).

Discussion

In recent years, there have been accumulating 
evidences that H/RS cells, the neoplastic-cell 
population in cHL, are characterized by a pro-
found disturbance of the cell cycle and apopto-
sis regulation [6]. The constitutive activation of 
the nuclear factor (NF)-kappa B pathway is con-
sidered to be involved in the proliferation and 
survival of H/RS cells [4, 13]. Moreover, sub-
stantial evidence that H/RS cells have defec-
tive cell cycle and apoptosis regulation has 
been provided by studies showing that these 
cells are characterized, in a large proportion of 
cases, by alterations of the p53 and Rb tumor 
suppressor pathways [34]. The positive ki-67 
staining in the present study indicates that H/
RS cells are undergoing active proliferation and 
have left the G0 phase of the cell cycle [34]. We 
have also shown that the mean Ki-67 index in 
EBV+ve cHL is significantly higher than the 
mean Ki-67 index in EBV-ve cHL (p=0.001). 
This suggests that EBV infection is important in 
stimulating cell proliferation in H/RS cells [35].

The present study clearly shows that expres-
sion of COX-2 in EBV-positive cHL cases is sig-
nificantly higher than in EBV-negative HL cases, 
with the results of the Mantel-Haenszel test, 
suggesting that EBV is the dominant factor in 
determining the expression of COX-2 in cHL. 
This finding is supported by Kaul et al and 
Ohsawa et al studies [16, 36]. Although the 
mean ki-67 index in COX-2+ve cases is higher 
than that in COX-2-ve cases, the results do not 
reach statistical significance (p=value: 0.66).

In the present study, the expression of p53 is 
detected in H/RS cells in 65% (62/95) of the 
cases. Other studies also have shown high fre-
quency of cHL cases expressing p53 in H/RS 
cells [37-40].

The high rate of expression of p53 protein in H/
RS cells compared with the absence of such 
expression in the surrounding non-neoplastic 
cells, suggests that the accumulated p53 in the 
nuclei of H/RS cells is most likely inactive, lead-
ing to loss of cell cycle control, and might be a 
possible step in the development of this 
neoplasm.

We show a significant association between p53 
expression and EBV expression in H/RS cells 
(p<0.003). Our results show that EBV might be 
the dominant factor in determining the expres-
sion of p53.

There are controversial reports on the relation-
ship between EBV and the expression of p53. 
Studies on this relationship in nasopharyngeal 
carcinoma have shown a positive correlation 
between EBV expression and p53 expression in 
neoplastic cells [41-43], while studies on this 
relationship in cHL are controversial. Two 
reports, like ours, have shown positive correla-
tion between the expression of EBV and p53 
[39, 40], while two other studies have shown no 
correlation [37, 38], and only one study [44] 
has shown inverse relationship between EBV 
and p53 expression in H/RS cells.

These differences might be related to the vari-
ability in the number of analyzed cHL cases, 
variable cases selection criteria, differences in 
used primary antibodies, variable thresholds of 
expression of p53 and differences in the pro-
portion of EBV-infected cases. In addition, in 
Gracia et al study [44] they have used tissue 
microarray, and as we know that the size of sec-
tions in tissue microarray is very small (1 mm in 
diameter) compared with larger sections (10-
30 mm) in our study, and since H/RS cells con-
stitute 1-10% of the total number of cells in any 
section, there is a strong possibility of sampling 
variability that might contribute to this differ-
ence. Moreover, it is well noticed in many stud-
ies on p53 in cHL that the percentage of posi-
tive cases is high and usually above 50% 
[37-40], while in Gracia et al study [44] only 
15% of cases were positive for p53. This low 
frequency, which is reported in this study, is 
unusual in cHL, and might be the reason behind 
their result. We also show a statistically signifi-
cant (p=0.003) higher mean ki-67 index in 
p53+ve cases compared to p53-ve cases, indi-
cating that p53 control of the cell cycle is 
affected and the high expression of p53 in our 
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cases represents a nuclear accumulation of an 
inactive p53. This is supported by a statistically 
significant lower apoptotic index in p53+ve 
cases compared to p53-ve cases, indicating 
that p53+ve H/RS cells have less cleaved cas-
pase-3 activity and suggesting that the p53 
role in apoptosis is affected (p value: 0.0001). 
Here it is important to note that Bcl-2 and Bcl-
xL, which are recognized inhibitors of apopto-
sis, have been reported to be highly expressed 
H/RS cells [45], although we have not attempt-
ed to examine this in this study.

The accumulation of p53 protein in the nuclei 
of H/RS cells can occur due to mutations in 
P53 gene [44-49], binding to other proteins; 
such as ARF [50], viral proteins [51] or MDM2 
gene-related proteins [52, 53], and in condi-
tions associated with DNA damage [54]. 
Although, Mutation of P53 gene causes loss of 
function, changes of conformation, prolongs 
the half-life of p53 and resulting in nuclear 
accumulation, it is an uncommon event in cHL 
[55, 56]. Elenitoba-Johnson et al have shown 
p53 expression in H/RS cells to be not corre-
lated with gene mutations [57].

The most noticeable cellular binding partner of 
p53 (that could lead to p53 accumulation) is 
the MDM2 gene product, which regulates p53 
activity in an auto-regulatory feedback loop 
[58]. In many neoplasms, MDM2 overexpres-
sion, which is mostly as a result of gene ampli-
fication, was found to inactivate and stabilize 
p53 at the same time [59, 60]. The role of EBV 
in p53 expression is still not completely solved. 
Liu et al found that LMP-1 repressed p53 from 
mediating DNA repair and inactivated p53 tran-
scriptional activity [61]; while, Li et al found that 
LMP-1 can activate p53 transcriptional activity 
and increased its stability through multi-sites 
phosphorylation of p53 protein resulting in the 
accumulation of p53 protein in the nucleus [62, 
63]. We believe that EBV might play a crucial 
role in p53 accumulation and inactivation in H/
RS cells either by direct or indirect mecha-
nisms, which needs more investigations. The 
expression of p16INK4A is detected in 62% 
(59/95) of the cases in our study. Other studies 
have also reported high frequency of cHL cases 
expressing p16INK4A in H/RS cells [38, 40, 44, 
64]. A significant difference in the expression of 
p16INK4A between EBV-positive and EBV-
negative cHL cases is observed in the present 
study, with the results of the Mantel-Haenszel 

test, suggesting that EBV might be a dominant 
factor in determining the expression of p16INK4A. 

There are controversial reports on the relation-
ship between EBV and p16INK4A expression in H/
RS cells in cHL. Zao et al [40] have shown a 
positive correlation between EBV and p16INK4A 
expression, while Kim et al [38] has shown an 
inverse correlation between EBV and p16INK4A 
expression, and Guenova et al [64] have shown 
no correlation between EBV and p16 expres-
sion. The variability in the relationship between 
EBV and p16INK4A expression is possibly related 
to the differences in the number of assessed 
cases, variable frequencies of EBV in examined 
cases, variable frequencies of p16INK4A in the 
evaluated cases, differences in cases selec-
tion criteria, differences in used primary anti-
body, and variability in the identification criteria 
of positive H/RS cells. We think that the high 
frequency rates of cases expressing p16INK4A 
and EBV might favor a positive correlation over 
a negative one especially, if we know that EBV 
might encode antigens that promote cell cycle 
entry by inactivating the pRb [7] and the inacti-
vation of pRb can lead to overexpression of p16 
[65, 66].

In conclusion, we have found that EBV expres-
sion is associated with the expression of COX-
2, p16INK4A and p53 in cHL and might be the 
dominant factor in determining the expression 
of those proteins.
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