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Abstract 
This retrospective case-control study to assess the impact of Cyclin D1 and CDK4 expression along with 
EBV infection with Hodgkin’s lymphoma (HL).80 lymph node included in this study; (40) formalin-fixed, 
paraffin- embedded biopsies from Hodgkin’s lymphoma (HL), and (40) apparently healthy lymph nodes as 
control group. EBV detection was done by CISH whereas IHC detection system was used to evaluate both 
Cyclin D1 & CDK4 gene expression.

The positive –EBERs CISH reactions detected in 16 / 40 (40 %) of Hodgkin lymphoma tissues while positive 
- EBERs reactions detected in 3 out of 40 tissues (7.5%) in control lymph nodes tissues. Statistically was
found highly significant between study groups (P value = < 0.05). Cyclin D1 & CDK4 -IHC were detected
in 40% and 52.5% of HL, respectively. Statistically, significant differences noticed among negative, low and
moderate scoring of tissues (P<0.05).

Significant EBV gene expressions along with higher percentage of tissues in which Cyclin D1 & CDK4 
genes being expressed may be indicator their possible role in the pathogenesis and / or the carcinogenesis of 
a subset of our Hodgkin’s lymphoma cases. 
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Introduction

As an unusual malignancy, HL is characterized 
of Hodgkin/ Reed Sternberg cells by the inflamation 
infiltrates. Two types of HL are recognized on 
morphologic, immunophenotypic, and clinical bases; 
classical (cHL) as well as and nodular lymphocyte- 
predominant Hodgkin lymphomas (1).

As a ubiquitous human herpetic virus, EBV 
has a global seroprevalence of 95%. Usually, EBV 
infection is asymptomatic in childhood, while in 
adolescents, infection frequently results in infectious 
mononucleosis(2). 

The three forms of cHL, pediatric as well as older 
adults HL are EBV-positive types, while HL of young 
adults is EBV-negative type. Moreover, EBV is also 
associated with the development of other lymphomas, 
including natural killer / T-cell lymphoma and diffuse 
large B-cell lymphoma (3). 

Reed-Sternberg cells are EBV positive in 40% of the 
times and demonstrate latency II pattern.It was showed 
that consistent presence of 1 of the 3 chromosomal 
translocations in BL deregulate the c-myc expression (4). 
Although still controversial, it has revealed a presence 
of EBV in small proportion of nodular lymphocyte- 
predominant HL cases . However, the link of classical 
Hodgkin lymphoma with EBV is most clearly 
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established, and was first implicated in the pathogenesis 
of such lymphomas in patients who had raised antibody 
titers to EBV preceded development of these lymphomas 
by several years (5). 

EBV-positive BL cells have gene expression profile 
similar to the latency form resembling memory B cells(6 ) 
with switching from one to other EBV – latency forms in 
B-cells might regulate the viral life cycle and redirecting 
the EBV-positive B cells towards long-term persistency 
in their memory pools. LMP1 replaces the survival as 
well as differentiation signals provided by an activated 
CD40 receptor (7). 

The CCND1 gene in hematological malignancy 
, due to either translocation, amplification, deletions, 
point mutations of 3′-UTR of t(11;14)(q13;q32) gene, 
or genetic alteration. Cyclin D1, with cyclin-dependent 
kinases (CDKs), play a key role in regulation of cell 
cycle during the G1/S transition (8). 

The cyclin D1 gene expression is associated 
classically with lymphoma while abnormalities of cyclin 
D1 & CCND1 gene expression were not well studied in 
nodular Hodgkin lymphomas (9 ). . 

The oncogenic potential of  CDK4  gene was 
experimentally shown necessary for the transforming 
and immortalizing effect of cyclin D1 (10). 

Here, we aimed in the present research work was 
explore both the possible impact of EBERs-EBV as 
well as to assess the effects of expression of cyclin 
D1 and CDK4 proteins on the cellular proliferation of 
lymph node tissues in order to gain further insight into 
the proliferation profile of a group Iraqi patients with 
Hodgkin’s lymphomas. 

Materials and Methods

Few other 4µm - tissue sections were mounted on 
charged slides for application of CISH & IHC techniques.

For the detection of EBERs by CISH kit ( purchased 
from Zyto Vision GmbH. Fischkai, Bremerhaven. 
Germany), the Chromogenic In Situ Hybridization 
procedures were performed according to the 
manufacturing company instructions.

Immunohistochemistry / Detection system 
(purchased from Abcam. England) was used to 
estimation the protein genes products of Cyclin D1 & 
CDK4 by using specific monoclonal antibody for that 
antigen determination on the targeted Cyclin D1 & 
CDK4 protein. 

In the current study, and for statistical analysis, Chi 
–square test was used via Version– 21 SPSS program 
and P value was significant when p <0.05. 

Results

I-Results of EBERs-EBV in Hodgkin 
Lymphomatous tissues: 

Sixteen out of 40 tissues with Hodgkin lymphomas 
showed positive chromogenic in situ hybridization 
reactions (constituting 40% of the total Hodgkin 
lymphoma tissues) (Table 1). The healthy lymph nodes 
tissues revealed seven and half percent (3 / 40). The 
differences between the percent of study groups showed 
statistically highly significant difference (P value = < 
0.05). 

Table (1): Results of EBERs - Associated HL Using CISH Technique 

EBERS-EBV-
HL

(no.=40)
%

A.H
Control
(no.=40)

% P-value

Negative 
24 60%

37 92.5
Z test P=0.003
sign. (P<0.05)

Positive 
16 40%

3 7.5
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Figure 1: CISH reaction for EBERs- EBV detection in lymph node tissue sections with Hodgkin Lymphoma: 

(40X). (A) Negative reaction; (B) positive reaction. 

II. The Results of Cyclin D1 -IHC Signal Score in tissues with Hodgkin Lymphoma.

Table (2) shows the positive result of Cyclin D1 IHC detection where 52.5 % from HL showed positive signals 
including 22.5 % in the low score (I) followed by 17.5 % and 12.5% in the moderate score (II) and high score (III), 
respectively, while the percentage of positive signals in AHC was (7.5%), including 5 % score (I) followed by 2.5 % 
in score (II) ( Fig. 2 A& B). Statistically, significant differences were found among scorings of IHC signals (P<0.05). 

   Table (2): Cyclin D1 -IHC Score Signaling in Hodgkin Lymphoma 

P-value

A.H.
Control (n=40) 

Hodgkin lymphoma(n=40)
Cyclin D1 -IHC 
signal scoring

%No.%No.

χ2test P=0.03
sign. (P<0.05)

92.53747.519Negative

7.5352.521Positive

5222.59I

Sc
or

in
g

2.5117.57II

0012.55 III

III.CDK4 -IHC expression in patients with 
Hodgkin lymphoma:

Among the 40 Hodgkin lymphomatous tissues, 45% 
exhibited positive CDK4-IHC reaction, while in control 
group 12.5% (Table 3) . 

The signal scores were as follows: 22.5% (9/40) 
low score (I) followed by 17.5% and 5% in the moderate 

score (II) and high score (III), respectively, The intensity 
signal was shown as intensity I in 25%, and 12.5% as 
intensity II, and lastly 7.5% as intensity III while in 
AHC 7.5% as intensity II, and 5% as intensity I (Table 
3 & Fig. 2 C& D). Statistically significant difference 
(P<0.05) found between various intensities (Table 3).
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Table 3: The grading of CDK4-IHC score and intensity signals in Hodgkin lymphoma 

P-value 
(χ2test)

Hodgkin lymphoma 
(n=40)

A.H control 
CDK4-IHC 

% out of 17% out of 40No.% out of 
40No.

552287.535Negative

451812.55Positive

0.02

47.122.592.51I

Signal Score 35.317.577.53II

17.6522.51III

0.04

52.9251052Weak

Signal Intensity 35.312.557.53Moderate

11.87.530.000Strong

Figure 2: IHC staining of Cyclin D1 and CDK4 protein in lymph node sections with Hodgkin Lymphoma 
(×40): (A) Negative reaction Cyclin D1; (B) positive reaction Cyclin D1. (C) Negative reaction CDK4; (D) 

positive reaction CDK4. 
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IV. Correlations among the studied markers 
(EBERs-EBV; Cyclin D1 and, CDK4) in lymph node 
tissues from patients with Hodgkin lymphoma:

A significant was highly between EBERs / EBV 
and Cyclin D1 in Hodgkin lymphoma (r = 0.443, P = 

0.003). Similarly, between CDK4 & grade of Hodgkin 
lymphoma (r = 0. 398; p= 0.044) was noticed. No 
significant correlations among EBERs / EBV and other 
parameters (Table 4).

Table 4 Spearman’s rho of the studied parameters in Hodgkin lymphoma.

Spearman’s rho
Age groups

(years)
Grade EBERs-EBV Cyclin D1 CDK4

Grade

r .165 .398*

P .104 .044

EBERs-EBV

r 0.040 0.133

P 0.765 0.412

Cyclin D1

r .443**

P .003

CDK4

r 0.158 0.432 0.483

P 0.347 0.006* 0.003*

* highly significant 

Discussion

The present results revealed that grade I - malignant 
lymphomas have affected our Iraqi studied patients 
at an earlier age than that those expected globally, a 
finding that could be attributed either low mean age & 
inadequate screening of these patients or to the small 
enrolled samples in the current study, when compared 
to those abroad studies. More researches are to be done 
to elucidate the causes for such frequency of these grade 
I - lymphomas, as fronted by the majority (54.5%) of 
low-grade lymphomas results in western countries (11).

In Iraq, Epstein-Barr virus and hCMV were 
studied in tissues from Non-Hodgkin lymphomas, 

(12,13 ) while in Hodgkin’s Lymphoma tissues and up to 
our best knowledge only one study on Human T Cell 
Lymphtropic Virus Type-1- genes was studied (14) but no 
research study on EBV was found.

A pathogenic role for EBV in HL has been suggested 
by the finding of monoclonal EBV genomes in HRS cells 
indicating role for EBV as an early event, prior to clonal 
expansion, expressing type II latency genes ( i.e. EBNA-
1, LMP-1, LMP-2 , EBERs and BARTs RNAs) ( 15). 

The loss of a functional BCR and its signaling 
components are combined to prevent virus replication 
during tumor development and maintenance of EBV-
associated HL (16).
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The epidemiologic studies demonstrated an 
increased risk to HL in those patients with infectious 
mononucleosis and further showed that they had an 
elevated antibody titers against EBV antigens preceding 
their disease  ,and EBV -positive tumor cells in a subset 
of their tissues (17).

In the current study, we found 16 \ 40 tissues 
with HL showed EBV positive CISH (40%) 
.Flavell and Murray,(18) , who found in the HL triggering 
mechanisms of pathogenic, or as reflection to the 
presence of depression in the immune regulation, rather 
than immunosuppression.

Another form of latency of EBV infections that are 
lacking EBER expression might present and as several 
previous studies by Bonnet et al.,(19) & Sugawara et 
al.,(20) have suggested. Another possibility is that this 
virus transformed the progenitor cells of Hodgkin’s 
lymphomas by a “hit and run” mechanism .The EBV 
relation to this disease depends on many factors, 
including gender, age , ethnicity, resident country, and 
histological subtype. 

Cyclin D1 partners are also present in breast 
tumors and colorectal cancers (21). In Cho et al.,(22) 
study of NLPHL cases in correlated with CCND1 gene 
abnormalities, “20%” of LP cells were positive for 
“CD20”/”cyclin D1”. The cdk4 hyperactivity has been 
well reported in many types of cancers, particularly 
melanoma, lung cancer and lymphoma (23). 

The current result of cdk4-IHC detection showed 
that 45% (18/40) exhibited positive CDK4-IHC reaction 
in Hodgkin lymphoma group, while in control group 
12.5% (5\40). Hernandez et al., (24) found overexpressed 
cdk4 in 21% of MCL cases. The results are consistent 
with Bockstaele et al. (25), was studied over two decades 
ago the biochemical and genetic characterization of 
D-type cyclins, their cyclin D-dependent kinases (cdk4 
and cdk6), and the polypeptide CDK4/6 inhibitor p16INK4 
and revealed role of mammalian cells in regulation of 
the entry into regulation of pRb dependent manner in 
cell division cycle. 

EBV along with Cyclin D1 and cdk4 over- expression 
in Hodgkin lymphoma patients of the current study are 
supporting an etiologic roles for that virus along with 
these genes in Hodgkin lymphoma development. 

Ethical Clearance: The Research Ethical 
Committee at scientific research by ethical approval of 
both MOH and MOHSER in Iraq

Conflict of Interest: None

Funding: Self-funding 

References
1.	 L. Strobbe & L. L. F. G. Valke & I. J. Diets & M. 

van den Brand & K. Aben & J. M. M. Raemaekers 
& K. M. Hebeda & J. H. J. M. van Krieken. A 20-
year population-based study on the epidemiology, 
clinical features, treatment, and outcome of nodular 
lymphocyte predominant Hodgkin lymphoma. Ann 
Hematol (2016) 95:417–423 

2.	 Rachel J. Abbott, Annette Pachnio,a Isabela 
Pedroza-Pacheco,c Alison M. Leese, Jusnara 
Begum, Heather M. Long,a Debbie Croom-Carter, 
Andrea Stacey,c Paul A. H. Moss,a Andrew D. 
Hislop, Persephone Borrow, Alan B. Rickinson, 
Andrew I. Bellb. Asymptomatic Primary Infection 
with Epstein-Barr Virus: Observations on Young 
Adult Cases. J Virol. (2017) (1); 91(21): e00382-
17. 

3.	 Chi Young Ok, Ling Li , and Ken H Young. EBV-
driven B-cell lymphoproliferative disorders: from 
biology, classification and differential diagnosis to 
clinical management. Experimental & Molecular 
Medicine (2015) 47, e132

4.	 Weniger MA,  Küppers R. NF-κB deregulation in 
Hodgkin lymphoma. Semin Cancer Biol.  (2016) 
39:32-9.

5.	 Huppmann AR ,  Nicolae A,  Slack GW,  Pittaluga 
S,  Davies-Hill T,  Ferry JA,  Harris NL,  Jaffe 
ES,  Hasserjian RP. EBV may be expressed in 
the LP cells of nodular lymphocyte-predominant 
Hodgkin lymphoma (NLPHL) in both children and 
adults. Am J Surg Pathol. (2014) No ;38(3):316-24. 

6.	 Spender L, Inman G. Developments in Burkitt’s 
lymphoma: novel cooperations in oncogenic MYC 
signaling. Cancer Management and Research. 2014 
: (6) : 27—38. 

7.	 Young LS, Dawson CW. Epstein-Barr virus 
and nasopharyngeal carcinoma. Chin J Cancer,( 
2014),33:581-590. 

8.	 Patricia Pérez-Galán, Martin Dreyling, and Adrian 
Wiestner. Mantle cell lymphoma: biology, 
pathogenesis, and the molecular basis of treatment 



Indian Journal of Forensic Medicine & Toxicology, April-June 2021, Vol. 15, No. 2      1311

in the genomic era. Blood. (2011) 6; 117(1): 26–38.
9.	 Cecilia Ahlin, Claudia Lundgren,  Elin Embretsén-

Varro, Karin Jirström, Carl Blomqvist,  and  M. 
-L. Fjällskog . High expression of cyclin D1 is 
associated to high proliferation rate and increased 
risk of mortality in women with ER-positive but 
not in ER-negative breast cancers. Breast Cancer 
Res Treat. (2017); 164(3): 667–678.    

10.	 Kayoko Nishi,  Hirokazu Inoue, Joachim 
B. Schnier   and  Robert H. Rice. Cyclin D1 
Downregulation is Important for Permanent 
Cell Cycle Exit and Initiation of Differentiation 
Induced by Anchorage-Deprivation in Human 
Keratinocytes. J Cell Biochem. (2009) 1; 106(1): 
63–72. 

11.	 Hashemi M, and Parwaresh MR .A Study of 
lymphomas in selected centers in Theran, Based 
on the updated Kiel classification. Arch Iran Med, 
(2001) 4, 59-66.

12.	 Al-Alwany SHM, Alalsaidissa JNJ, Ali SHM. 
DNA- in situ localization of human cytomegalovirus 
and immunohistochemical targeting of protein 
expression of p21 gene sequence in tissues from 
a group of Iraqi patients with Non-Hodgkin’s 
lymphoma. J Pharm Sci & Res (2018); 10(1): 70-
78.

13.	 Ali SHM, Hammodi SR, Abdul Amir AH. In 
situ hybridization for detection of latent Epstein-
Barr virus Early Repeats (EBERS) and mutant 
p53 tumor suppressor gene in patients with Non- 
Hodgkins Lymphoma. J Fac Med Baghdad (2013); 
55(2): 135-143.

14.	 Al-Lebawy NS, Al-Alwany SHM, Tarrad JK. 
Nuclear co-localization of expressional products 
of CDK4 & CDK6 and human T cell lymphtropic 
virus type-1- genes: an in situ hybridization 
and immunohistochemical study of Hodgkin’s 
lymphoma tissues from a group of Iraqi patients. 
Journal of Global Pharma Technology. (2017); 
10(9): 438-447.

15.	 Toczyski DP, Steitz JA.The cellular RNA-binding 
protein EAP recognizes a conserved stem-loop in 
the Epstein-Barr virus small RNA EBER 1.  Mol 
Cell Biol .(1993)  13: 703–710.

16.	 Riley KJ, Rabinowitz GS, Yario TA, Luna JM, 
Darnell RB, et al. EBV and human microRNAs 
co-target oncogenic and apoptotic viral and human 

genes during latency.  EMBO J(2012)    31: 2207–
2221.

17.	 Carbone A., Gloghini A. Hodgkin 
lymphoma classification: Are we at a 
crossroads? Cancer. (2017);123:3654–3655. 

18.	 Flavell  and  P G Murray. Hodgkin’s disease and 
the Epstein-Barr virus. Mol Pathol. (2000); 53(5): 
262–269. 

19.	 Bonnet M, Guinebretiere J-M, Kremmer E,  et 
al.  Detection of Epstein-Barr virus in invasive 
breast cancers. J Natl Cancer Inst .(1999);91:1376–
81. 

20.	 Sugawara Y, Mizugaki Y, Uchida T,  et 
al.  Detection of Epstein-Barr virus (EBV) in 
hepatocellular carcinoma tissue: a novel EBV 
latency characterized by the absence of EBV-
encoded small RNA expression.  Virology  .(1999) 
;256:196–202. 

21.	 Matsuura I, Denissova NG, Wang G, He D, 
Long J, Liu F. Cyclin-dependent kinases 
regulate the antiproliferative function of 
Smads. Nature. (2004);430:226–231.

22.	 Cho BB,  Kelting SM ,  Gru AA ,  LeGallo 
RD,  Pramoonjago P ,  Goldin TA,  Heitz 
CT,  Aguilera NS. Cyclin D1 expression and 
polysomy inlymphocyte-predominant cells 
of nodular lymphocyte-predominant Hodgkin 
lymphoma. Ann Diagn Pathol. (2017) 26:10-15. 

23.	 Shapiro  G,   Rosen  LS, Tolcher 
AW,  Goldman  JW,  Gandhi  L, Papadopoulos 
KP,. A first-in-human phase I study of the CDK4/6 
inhibitor, LY2835219, for patients with advanced 
cancer. ASCO Meeting Abstracts.(2013);31:2500. 

24.	 Hernández, L., Beà, S., Pinyol, M., Ott, G., 
Katzenberger, T., Rosenwald, A., Bosch, F., 
López-Guillermo, A., Delabie, J., Colomer, D. and 
Montserrat, E.,. CDK4 and MDM2 gene alterations 
mainly occur in highly proliferative and aggressive 
mantle cell lymphomas with wild-type INK4a/ARF 
locus. Cancer research,.( 2005). 65(6), 2199-2206.

25.	 Bockstaele, L., Kooken, H., Libert, F., Paternot, 
S., Dumont, J.E., De Launoit, Y., Roger, P.P. 
and Coulonval, K.,. Regulated activating Thr172 
phosphorylation of cyclin-dependent kinase 4 
(CDK4): its relationship with cyclins and CDK 
inhibitors”. Molecular and cellular biology, (2006) 
26(13):5070-5085. 




