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Abstract
We conducted a follow-up study of Epstein-Barr virus (EBV)-associated 
Hodgkin’s Lymphoma (HL) in a patient with rheumatoid arthritis (RA) in 
whom a drastic complete remission (CR) was achieved after withdrawing 
methotrexate (MTX) together with administration of clarithromycin (CAM).  
CAM was administered for 1 year after the first admission but typical HL 
relapsed 4 months after suspending CAM treatment.   The relapse was 
successfully treated with standard chemotherapy and led to CR.   After 
achieving CR, treatment of CAM coupled with low-dose prednisolone (PSL) 
was restarted as a maintenance therapy.  This combination treatment was 
found to be effective for preventing the relapse as well as controlling RA.  
Neither MTX nor other anti-rheumatic drugs except for PSL have been 
used since initial presentation.  To date, no relapse has occurred and RA 
symptoms are fairly well controlled.  Clinical parameters for EBV, RA and 
HL and circulating cytokines during the course of illness showed elevated 
levels of soluble interleukin-2 receptors, interleukin (IL)-1β, IL-6 and tumor 
necrosis factor-α in initial phase of the disease as well as in relapse phase, 
and returned to normal in CR phase. Copies of EBV-DNA in circulating 
lymphocytes were increased in relapse phase but returned to normal in 
CR phase.  Since relapse occurred without MTX, this drug is thought not 
to have caused the HL. Rather, immunodeficiency due to RA itself or PSL 
(more than 10mg/day) administration might have resulted in reactivation 
of EBV, leading to HL. Immunomodulatory and immunosuppressive 
effects of CAM coupled with low-dose PSL on cytokine networks might be 
involved in maintaining CR and controlling RA.  This combination treatment 
is recommended as a maintenance treatment from the perspective of 
simplicity, safety and cost-effectiveness in such a situation.

Keywords: Hodgkin’s lymphoma; RA; EB-virus; Clarithromycin; Prednisolone; 
CR; Cytokine; Treatment.
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Introduction 
We conducted a follow-up study of Epstein-Barr virus (EBV)-
associated Hodgkin’s lymphoma (HL) in a patient with rheumatoid 
arthritis (RA) in whom a drastic complete remission (CR) was 
achieved after withdrawing methotrexate (MTX) together with 
administration of clarithromycin (CAM).   RA patients have an 
increased risk of developing lymphoma [1,2].  Since Ellman’s first 
report [3] on lymphoma in a patient with RA who received long-
term, low-dose MTX, a relationship between MTX medication 
and development of lymphoproliferative disorders (LPDs) in 
RA has been emphasized [4-7].   Kamel et al. [8] first reported 
that two patients taking MTX for rheumatologic disease, who 
developed lymphoma, were associated with Epstein-Barr virus 
(EBV) infection, and a spontaneous regression occurred after 
withdrawal of MTX. There seems to be a close relationship 
between long-term use of MTX and development of EBV-
associated LPDs.   In this case, a relapse occurred without MTX 
after achieving the first CR.  This indicates that MTX is not a direct 
causative agent and other possibilities should be considered.

Clarithromycin (CAM), a member of macrolide family, is a widely 
used antibacterial drug.  It is also known to have multifunctional 
effects such as immunosuppression, immunomodulation [9,10], 
apoptosis-induction [11-13] and steroid sparing/enhancing 
effects [14,15].   In the present case, the first CR was achieved 
after withdrawing MTX together with administration of CAM. 
CAM was administered for about 1 year without anti-rheumatic 
drugs except for prednisolone (PSL). However, a recurrence 
occurred 4 months after suspending CAM treatment. This fact 
seems to indicate that CAM might have played an important 
role for preventing relapse of HL. The relapse was successfully 
treated with standard chemotherapy.  After achieving the second 
CR, the treatment consisting of CAM and low-dose PSL (initially, 
10 mg/day, then reducing to 5 mg/day) was conducted. By this 
treatment, we were able to prevent the relapse of HL as well as 
to control RA. Thus far, there are only two reports including our 
previous one [16,17] which documented effectiveness of CAM as 
an adjuvant drug for treating HL.

 In the present case, we analyzed the clinical course with special 
reference to parameters for EBV, RA and HL and circulating 
cytokines. Our reports including a previous one [17] can provide 
valuable information on the mechanism of developing EBV-

associated HL, relationship between HL and RA, and effective 
treatment both for preventing relapse of HL and controlling RA 
by a simplified treatment with CAM coupled with low-dose PSL.

Case Report
A 60-year-old woman (body weight:51kg) with a 10-year history 
of seropositive RA was admitted to Imai Hospital on March 
12, 2011 because of an intermittent high fever lasting for 3 
months, early satiety, anorexia, weight loss, joint pains and 
left cervical swelling. For approximately 10 years before initial 
presentation, she had been treated with several drugs including 
MTX, PSL, salazosulfapyridine, bucillamine and non-steroidal 
anti-inflammatory drugs in another hospital. Particularly, MTX 
(at weekly doses of 2 mg, then gradually increased to 8mg) was 
administered for approximately 6 years before admission. Her 
clinical course from the first admission to subsequent follow-
up in an outpatient basis before relapse (Figure 1) was reported 
previously [17].   Briefly, the patient was diagnosed as having 
MTX-related EBV-associated Hodgkin-like lymphoma [17,18], and 
a drastic CR was achieved after withdrawing MTX together with 
an oral administration of CAM. In this case, treatment with PSL 
(20 mg/day, then reduced to 10mg/day) was restarted 2 months 
after achieving CR (early July, 2011) because of the exaggeration 
of generalized joint pains and swellings. The PSL treatment was 
effective for subsiding the symptoms. However, levels of soluble-
interleukin-2 receptors (s-IL-2R) gradually started to increase one 
year after achieving CR, suggesting a relapse.  

The patient was readmitted on October 5, 2012.  On readmission, 
the metacarpal and pharyngeal joints of both hands and bilateral 
knee and ankle joints were swollen with moderate tenderness.  
A complete blood cell count revealed red blood cell count of 
4.55×1012/L; hemoglobin 12.7 g/dL, white blood cell count of 
5.3×109/L with 71.0% neutrophils, 20.3% lymphocytes, 7.0% 
monocytes, 1.3% eosinophils, 0.4% basophils and normal platelet 
count (313×109/L). Elevated levels of CRP (1.68 mg/dL; normal 
range [nr]. 0~0.26 mg/dL), β2-microglobulin (2.3 mg/L; nr. 0.9~1.9 
mg/L), s-IL-2R (987 IU/mL; nr. 124~466 IU/mL), RA particle 
agglutination (RAPA) (×320; nr. <×40), anti-cyclic citrullinated 
peptide (anti-CCP) antibody (242 U/mL; nr. <4.5 U/mL), matrix 
metalloproteinase (MMP)-3 (82.0 ng/mL; nr. 17.3~59.7 ng/mL) 
and IgA (455mg/dL; nr. 110~410 mg/dL) were elevated. Titers of 
EB virus antibodies were elevated in viral capsid antigen (VCA)-

Abbreviations: anti-CCP - anti-Cyclic Citrullinated Peptide; CAM - 
Clarithromycin; CR - Complete Remission; EBV - Epstein-Barr Virus; EBER - 
EBV-Encoded Small RNAs; G-CSF - Granulocyte-Colony Stimulating Factor; 
GM-CSF - Granulocyte Macrophage-Colony Stimulating Factor; HL - Hodgkin’s 
Lymphoma; H-RS Cell -   Hodgkin-Reed-Sternberg Cell; IL - Interleukin; 
ISH - In Situ Hybridization; IFN - Interferon; LPD -   Lymphoproliferative 
Disorder; M-PSL - Methyl Prednisolone; MMP - Matrix Metalloproteinase; 
MTX -  Methotrexate; PET/CT - Positron Emission Tomography/Computed 
Tomography; PSL - Prednisolone; RA -   Rheumatoid Arthritis; RAPA - RA 
Particle Agglutination; S-IL-2R - Soluble IL-2 Receptors; TGF - Transforming 
Growth Factor; TNF - Tumor Necrosis Factor; VCA - Viral Capsid Antigen



3© Copyright iMedPub

2015ARCHIVES OF CLINICAL MICROBIOLOGY
ISSN 1989-8436 Vol. 6 No. 4:6

IgG (×320; nr. <×10), and EBV-Determined Nuclear Antigen 
(EBNA) (×40; nr. <×10) with VCA-IgM level less than ×10. Copies 
of EBV-DNA in circulating lymphocytes were elevated (61 copies/
μg; nr. <10 copies/μg). Thus, an oral administration of CAM (400 
mg/ day, 200 mg twice a day) was reapplied in mid-October, 2012 
with expectation of CR as before. However, it was suspended 
two months later because of further elevation of s-IL-2R and a 
complication of acute pancreatitis (Figure 2).

A combined positron emission tomography/computed tomography 
(PET/CT) scan carried out in early December, 2012 showed 
notable 18F-fluorodeoxyglucose (FDG)-uptake in supraclavicular, 
mediastinal, hilar, peri-pancreatic, par-aortic and inguinal 
lymph nodes and left eighth rib, indicating full relapse (Figure 
3). A subcutaneous lymph node which appeared in left lower 
abdominal wall was biopsied, and it showed the infiltration of 
Hodgkin (H) cells with remarkable nucleoli and Reed-Sternberg 
(RS) cells in the background of small lymphocytes (predominant 
CD4-positive cells and occasional CD8-and CD-20 positive cells). 
H-RS cells were immunohistochemically positive for CD30, latent 
membrane protein-1 (LMP-1) and Ki-67, but negative for CD20, 
CD21 (not shown) and CD15 (not shown).   In situ hybridization 
(ISH) revealed the presence of EBV-encoded small RNAs (EBER) 
in these cells (Figure 4). Thus, a diagnosis of EBV-associated HL 
(mixed cellularity) was made. Neither immunoglobulin heavy 
chain gene (i.e., JH) nor T-cell receptor chain gene (i.e., TCR-
Cβ1) was demonstrated by Southern blot hybridization analysis 
of the lymph node (not shown). C-MOPP (cyclophosphamide, 
vincristine, procarbazine and PSL) therapy at every 4-week 
intervals was initiated in mid-December, 2012. This regiment was 
effective and systemic lymph node swellings almost disappeared. 
After finishing 5 cycles of C-MOPP therapy, 2 cycles of ABVD 
(doxorubicin, bleomycin, vinblastine and dacarbazine) therapy 
were added as a consolidation therapy. However, after finishing 
2 cycles of ABVD therapy, severe interstitial pneumonia due 
to bleomycin developed in early August, 2013, but this was 
improved by methyl-PSL (m-PSL) semi-pulse therapy (500 mg/
day for 3 days with gradual reduction doses) combined with an 
oral administration of CAM (800 mg/day) and cyclosporine (200 
mg/day) (Figure 2). After suspending the semi-pulse therapy, PSL 
(10mg/day) was alternatively administered and CAM was reduced 
to 400mg/day.   PET/CT scan carried out in mid-October, 2013 
showed CR (Figure 3). Since RA symptoms almost disappeared 
after finishing semi-pulse therapy, PSL was reduced to 5mg/day. 
The patient was discharged on October 31, 2013. Treatment 
with CAM (400 mg/day, 200 mg twice a day) coupled with low-
dose PSL (5mg/day) was safely carried out without other anti-
rheumatic drugs.  

In the present case, circulating Th1, Th2 and pro-inflammatory 
cytokines, chemokine and interferon (IFN) including interleukin 
(IL)-1α, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, tumor necrosis 
factor (TNF)-α, TNF-β, transforming growth factor (TGF)-β 
and IFN-γ were examined on 6 occasions during the course of 
illness, and compared with clinical parameters for RA (Table 1). 
In addition, the parameters for HL, RA and EBV infection were 
also compared with clinical symptoms (Figures 1 and 2). Clinical 
parameters for EBV, RA and HL and circulating cytokines showed 
elevated levels of s-IL-2R, IL-1β, IL-6 and TNF-α in initial phase of 

the disease as well as in relapse phase but returned to normal 
in CR phase. Copies of EBV-DNA in circulating lymphocytes were 
increased in relapse phase but returned to normal in CR. After 
semi-pulse therapy, levels of RAPA became tentatively negative, 
but it gradually increased up to ×320, and remained in elevated 
levels around ×160 in CR phase. Although RAPA levels remained 
elevated, RA symptoms almost subsided.   Copies of EBV-DNA 
in circulating lymphocytes were increased in relapse phase and 
decreased to normal range in CR phase (Figure 2). NK-activity was 
within normal limits in CR phase (not shown). 

Review of literature
The relative risk of developing lymphoma in patients with RA or 
rheumatologic diseases is estimated to be 2.0 to 5.5 times higher 
than the general population [1,2,19]. Although the pathogenesis 
of RA-related lymphomas is still unclear, high inflammatory 
activity of rheumatologic disease, immunosuppressive agents 
such as MTX, cyclosporine, infliximab, etanercept, adalimumab, 
tocilizmab and abatacept for RA, or EBV infection/reactivation 
have been speculated to be the cause [20]. MTX is regarded as 
an effective immunosuppressive agent for treating autoimmune 
diseases, especially RA [21], but its long-term use can lead 
to severe immunodeficiency during the course of the illness. 
The fact that spontaneous remissions or regressions occur in 
MTX-related LPDs after withdrawal of MTX highlights a likely 
causative role of this drug in developing LPDs [22]. However, in 
the present case, a relapse occurred without MTX, indicating 
MTX is not a direct causative agent. It is well known that LPDs 
occasionally develop in individuals with immunodeficiencies. 
According to the recent World Health Organization (WHO) 
classification for lymphoid neoplasms [23], immunosuppressive 
conditions prior to LPDs are categorized into (1) primary immune 
disorders, (2) human immunodeficiency virus infection, (3) 
iatrogenic immunosuppression in patients receiving solid organ 
or bone marrow allografts, i.e., post-transplant LPDs and (4) 
other iatrogenic immunodeficiency-associated LPDs. According 
to Hoshida et al. [24], the EBV-positive rate in post-transplant 
LPDs was described to be 63-95%, whereas that in sporadic 
LPDs in Western countries, it was only 5%. It is noteworthy that 
approximately 50% of MTX-related LPDs are EBV-positive [5]. 
Thus, immunodeficiency itself is presumed to provide a basis 
for the development of some malignant lymphomas, probably 
through EBV infection/reactivation [24]. However, it is also true 
that there are some EBV-negative lymphomas which regressed 
after withdrawal of MTX [5,6]. 

HL is an unusual proliferative disorder in which the malignant 
population of H-RS cells constitutes only a minority of the tumor 
mass, with the remainder being made up of apparently normal 
(activated) lymphocytes, plasma cells, histiocytes, granulocytes 
and fibroblasts [25]. Thus, enlarged lymph nodes/lymphoid 
organs in HL do not represent true tumor mass in volume, but 
represent increased proliferated reactive cells together with H-RS 
cells. In the present case, the biopsied lymph node consisted of 
abundant CD-4, CD8 and CD20 lymphocytes with CD-4-positive 
cells being the most dominant (Figure 4). It is well known that HL 
is a cytokine secreting tumor [26]. Probably, H-RS cells seem to 
express and secrete a variety of cytokines (i.e., IL-1, IL-2, IL-3, IL-4, 
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IL-5, IL-6, IL-7, IL-9, IL-10, IL-12, IL-13, IL-15, ,IFN-γ, TGF-β, TNF-
α/-β, basic fibroblast growth factor, GM-CSF and their receptors 
(i.e., IL-2R, IL-6R and TNF-αR) [26, 27].  H-RS cells can receive signals 
via cytokine receptors in autocrine, paracrine or endocrine loops 
and exert a strong influence on the large number of surrounding 
reactive cells via cytokines. Thus, it is likely that characteristic 
histological features of HL reflect cytokine production by 
neoplastic tumor cells [26].   In this context, the suppression of 
relevant cytokines secreted from H-RS cells by certain cytokine 
modulators can easily lead to regression of tumors. In the present 
case, initial immunophenotype of neoplastic cells seen in the first 
biopsied lymph node was positive for LMP-1, CD20, CD30 and 
negative for CD15 [17], but that of neoplastic cells seen in the 
lymph node in relapse phase became negative for CD20. This 
suggests that a somewhat different clonal change had occurred 
prior to or during the relapse phase, resulting in the relapse.

RA is a chronic inflammatory disease of unknown cause, and EBV 
has been long suggested as a causative agent. RA patients have 
higher frequency and/or higher levels of antibodies to EBV in 
the serum than normal individuals. It is interesting to note that 
rheumatoid factors can induce signaling from B-cells, leading to 
EBV and B-cell activation [28]. Patients with RA are known to 

have a T-lymphocyte defect which allows EBV-infected B-cells to 
survive [22]. It has been reported that the number of circulating 
B-cells infected with EBV is increased in RA [29]. In the present 
case, levels of RAPA and anti-CCP antibody were increased in 
relapse phase as well as in initial phase of the disease; however, 
these parameters were also elevated in CR phase (Figures 1 and 
2). The distinct parametric relationship between the severity of 
RA and development of HL needs to be confirmed.

In the present case, neoplastic cells were positive for LMP-
1 and EBERs. As for the function of LMP-1, it is known to be 
essential for the immortalization of human B-cells. Kilger et al. 
demonstrated that continuous expression of LMP-1 is essential 
for the proliferation of EBV-immortalized B-cells in vitro; LMP-
1 binds TNF-receptor-associated factors, activates NF-κB, and 
triggers the transcription factor, i.e., activated protein-1, leading 
to proliferation of B-cells [30]. EBERs are non-polyadenylated, 
untranslated RNAs, and exist most abundantly in latently EBV-
infected cells. It was reported that 79% of HL are positive for 
EBERs [31]. EBERs are known to make complexes with several 
cellular proteins such as protein kinase R, ribosomal protein L22, 
and La antigen. Thus, EBERs may exert various biological effects 
through their direct interaction with these cellular proteins (2, 

Figure 1 Clinical course before the relapse.  Activity of HL is reflected by the levels of s-IL-2R.  Relapse occurred 4 months after suspending 
CAM.  RA symptoms were fairly well controlled by PSL administration, but exaggerated with relapse of HL.  EBV-DNA in circulating 
lymphocytes increased during the relapse.↑, slight increase; ↑↑, apparent increase. Abbreviations: Anti-CCP, anti-cyclic citrullinated 
peptide antibody; CAM, clarithromycin; EBNA, Epstein-Barr virus (EBV)-determined nuclear antigen; EBV-DNA, EBV DNA in circulating 
lymphocytes; E-VCA-G/M, EBV viral capsid antigen immunoglobulin G/M; HL, Hodgkin’s lymphoma; MMP, matrix metalloproteinase; 
PSL, prednisolone; RA, rheumatoid arthritis; RAPA, RA particle agglutination; s-IL-2R, soluble IL-2 receptors. 
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Figure 2 Clinical course after the relapse.  After improving interstitial pneumonia, s-IL-2R remained WNL with depressed levels of EBV-DNA.  
Levels of RAPA and anti-CCP antibody (a marker for diagnosis of RA and risk of joint destruction) were increased during the relapse. 
They were remarkably depressed after the chemotherapy and gradually increased again.  Levels of MMP-3 (marker for diagnosis of 
RA and severity of joint destruction) showed slight increase during the relapse, and subsequently returned to normal range. Copies 
of EBV-DNA in circulating lymphocytes were increased during the relapse. Abbreviations: CAM, clarithromycin; CYA, cyclosporine A; 
IP, interstitial pneumonia; Panc, pancreatitis; PSL, prednisolone; s-Pulse, methyl-PSL semi-pulse therapy.

Figure 3 Imaging tests results.  The coronal PET image examined 
during the relapse (left) shows wide spread pathological 
uptake of radiotracer (FDG) in supraclavicular, 
mediastinal, hilar, peri-pancreatic, para-aortic, iliac, iliac 
and inguinal lymph nodes and left eight rib.  The coronal 
PET image during CR (right) shows complete resolution of 
the FDG activity seen in relapse. 

17, 22). Moreover, EBERs can induce the expression of various 
cellular cytokines; IL-10 in B-lymphocytes, IL-9 in T-lymphocytes, 
and insulin-like growth factor-1 in epithelial cells, each of which 
acts as an autocrine growth factor [32]. However, the mechanism 
of EBV involvement in developing HL still remains unknown. 

CAM, a member of macrolide family, is well known as an antibiotic 
but also have other important pharmacological properties [9]. 
Thus far, many investigators have reported its immunosuppressive 
or immunomodulatory effects with respect to cytokines and 
chemokines in patients with cancer. Briefly, CAM can decrease 
the production of IL-1 [9,13,15,17,33,34], IL-2, [15,34-36], IL-5 
[15,34], IL-6 [9,10, 15,17,34,35-38], IL-8 [9,10,15,34,39], IL-10 
[15,35,40,41], TNF-α [9,15,17,34,35,37,38,41], TGF-α [9,15], 
TGF-β [15,42], granulocyte colony-stimulating factor (G-CSF) [34], 
granulocyte macrophage colony-stimulating factor (GM-CSF) 
[34], vascular adhesion molecule-1 [34] and MMP-9 [15,42], and 
increase the production of IL-4 [15,34,38] , IL-12 [15,38,40,41] 
and IFN-γ [38,40,41]. In addition, CAM has been reported to 
induce apoptosis [11,12,13]. Recently, Nakamura et al. reported 
that CAM can attenuate autophagy in multiple myeloma cells, 
leading to cell death [43]. Furthermore, steroid-enhancing/
steroid-sparing effect of CAM has been reported [14,15]. Fost et 
al. [14] demonstrated that administration of CAM with methyl 
PSL (m-PSL) to 6 adult patients with mild to moderate asthma 
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Date examined 2011.4.11 2011.5.20 2012.5.16 2012.10.5 2012.12.3 2015. 2.9  (normal range)
Disease state Relapse 

Relapse CR 1 mo after Ad 10wk after Ad CR Relapse Relapse CR  

Treatment CAM CAM CAM/PSL PSL CAM CAM/PSL  
IL-α (pg/mL)         <3.9 <3.9   (≤3.9)
Il-1β (pg/mL) 2.99↑ <0.125   <0.125 <0.125  <0.125  (≤0.928)
IL-2 (pg/mL) <15.6     <15.6     (<15.6)
IL-4 (pg/mL)   <0.5   <0.5 <0.25   (<0.25)
IL-5 (pg/mL)         <3.9   (<3.9)
IL-6 (pg/mL)  4.99↑↑ 1.67   11.4↑↑  28↑↑ 1.63 (≤2.41)
IL-8 (pg/mL)       <8.0     (<8.0)

IL-10 (pg/mL)       3.3 <0.5   (<7.05)
IL-12 (pg/mL) <0.78 <0.78   <0.78 <0.78   (≤3.15)
TNF-α (pg/mL) 3.09↑ 2.58↑ <0.55  1.87↑ 3.43↑ 0.67 (≤1.79)
TGF-β (pg/mL)       1.46      (0.89~1.80)
IFN-γ (pg/mL)  <1.56     4.1 3.66  <1.6 (≤20.6)

RAPA (×)  160↑   320↑↑ 320↑↑      160↑ (<×40)
anti-CCP (U/mL) 191 ↑↑ 233↑↑ 242 ↑↑ 242 ↑↑   83.7↑↑   (<4.5)
MMP-3 (ng/mL) 30.9 15.3 69.4↑ 71.7 ↑   42.2 (17.3~59.7)

↑, slight increase; ↑↑, apparent increase.  Abbreviations: Ad, admission; anti-CCP, anti-cyclin citrullinated peptide antibody; CAM, clarithromycin; 
CR, complete remission; IFN, interferon; IL, interleukin; mo, month; MMP, matrix metalloproteinase; PSL, prednisolone; TGF, transforming growth 
factor; TNF, tumor necrosis factor; RA, rheumatoid arthritis; RAPA, RA particle agglutination; wk, week. 

Table 1 Levels of cytokines and RA parameters during the clinical course.

resulted in a 65% reduction of m-PSL clearance and significantly 
higher mean plasma m-PSL concentrations compared with 
preCAM concentrations. In the present case, it is likely that CAM 
enhanced the effect of PSL for controlling RA.

In our case, elevated levels of IL-1β, IL-6 and TNF-α were observed 
in relapse phase as well as in initial phase of the disease, but 
returned to normal range in CR phase. No increments of serum 
IL-1α,IL-2, IL-4, IL-5, IL-8, IL-10 and IL-12, IFN-γ, TGF-β were seen 
in relapse phase as well as in CR phase (Table 1). In connection 
with cytokines involvement in HL, Gause et al. [44] tested the 
cytokine levels of IL-1β, IL-3, IL-6 GM-CSF, G-CSF and TNF-α in the 
sera of untreated patients with HL and demonstrated elevated 
levels of circulating IL-6 and GM-CSF. Frisan et al. [45] reported 
that specific transcripts (mRNA) for IL-6, IL-10, TNF-α, TGF-β and 
IFN-γ were detected in biopsied samples from 5 EBV-positive and 
3 EBV-negative HL cases. Merz et al. [46] tested mRNA expression 
of IL-2, IL-3, IL-4, IL-6, GM-CSF and IFN-γ in lymph nodes obtained 
from untreated 13 cases of HL by using Northern blot analysis 
partly combined with ISH and detected mRNA of IL-3, IL-4, IL-
6, IFN-γ in varying frequency, particularly, IL-6 message being 
predominant in HL cases. In addition, IL-6 was detected in H-RS 
cells by ISH. IL-6 is a multifunctional proinflammatory cytokine 
that regulate the immune response, hematopoiesis, acute phase 
response and inflammation [47]. IL-6 is known to activate STAT3 
and thereby activates proliferative and anti-apoptotic pathways. 
Recently, Hinrichs et al. [48] analyzed the plasma levels of IL-6 in 
38 PTLDs undergoing chemotherapy for PTLD and demonstrated 
that pretherapeutic levels of IL-6 were elevated and their levels 
were correlated with the course of disease; falling in responders 
and rising in non-responders. TNF-α is also a multifunctional 
pro-inflammatory cytokine released mainly from macrophages, 
activated T-cells and NK-cells. Its primary role is regulation 
of immune cells. TNF-α, an endogenous pyrogen, can induce 

fever, apoptotic cell death, cachexia, inflammation, inhibit 
tumorigenesis and viral replication, and also respond to sepsis 
via IL-1-/IL-6-producing cells. TNF-α together with IL-6 and IL-1β 
is also known to be involved in pathogenesis of RA [49]. IL-1 is 
a pro-inflammatory cytokine that play pleiotropic roles in host 
defense mechanisms. Two isoforms, namely, IL-1α and IL-1β, 
are present, and both have similar biological effects. H-RS cells 
are known to frequently express IL-1β as well as IL-1α, but IL-
1β being more frequent in expression than IL-1α [50]. It is also 
known that circulating IL-1β are raised in patients with RA and 
correlated with clinical disease activity [51]. In the present case, 
elevated serum levels of IL-1β, IL-6 and TNF-α were confirmed in 
initial phase as well as in relapse phase, and their levels returned 
to normal after achieving the first and second CRs.  This finding 
might indicate that these cytokines are involved in developing 
lymphoma. In this context, it is interesting to note that CAM 
can decrease the production of IL-1, IL-6 and TNF-α. Thus, it is 
possible that CAM played an important role for regression of 
H-RS cells. However, IL-1β, IL-6 and TNF-α are also known to be 
increased in active RA [49]. It is also possible that these elevated 
parameters are due to activated RA. However, it seems unlikely 
because these parameters were not increased when titers of 
RAPA and anti-CCP antibody, both representing RA activity, still 
remained high in CR phase. If the increase of these parameters 
(i.e., IL-β, IL-6 and TNF-α) was due to activated RA, they should 
also be increased even in CR phase in which RAPA and anti-CCP 
antibody remained high. 

As for the treatment of MTX-related EBV-associated LPDs, if the 
clinical situation permits, a period of observation for spontaneous 
remission after withdrawal of MTX is recommended [5,7,22,52].  
Nevertheless, careful observation is required because the 
recurrence is common and may be treated successfully using 
standard chemotherapy [52]. This may fit the present case.
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Figure 4 Histology/immuno-histology of the subcutaneous lymph 
node biopsied during the relapse.  (A) HE staining showing 
infiltration of H-RS cells in the background of lymphocytes 
(under ×40 magnification objective). (B, C & D) 
Immunohistochemical stainings for CD30 and LMP-1 and 
EBER staining (ISH) (under ×40 magnification objective).   
H-RS cells are positive for CD30, LMP-1 and EBER. (E, F, G 
& H) Immunohistochemical staining for CD4, CD8, CD20 
and Ki-67 (under ×40 magnification objective).  (E) Most of 
the lymphocytes in the background are positive for CD4.  
(F & G) CD-8-positive and CD-20-positive lymphocytes are 
occasionally present in the background. (H) H-RS cells and 
some of the lymphocytes are positive for Ki-67, showing 
proliferative activity.

Concerning the optimal dose of CAM, Mikasa et al. [53] reported 
that a dose of 400mg/day can be used as an adjuvant drug for 
cancer therapy with no remarkable adverse effects. Thus, we 
have applied the same dose of CAM without any side-effects. 
In the present case, the patient had RA which needs to be 
treated appropriately with immunosuppressive agents, but 
was concomitantly infected with EBV. The immunosuppressive 
treatment including PSL might have caused the reactivation of 
EBV which then led to development of EBV-associated HL. In other 
words, the use of PSL can be considered to be a double-edged 
sword. Considering steroid sparing/enhancing effect of CAM, we 
have applied low-dose PSL. It should be noted that, before initial 
presentation, the patient had been treated with PSL more than 
10mg/day together with MTX, salazosulfapyridine, bucillamine 
and NSAIDs; nevertheless, RA could not be controlled by such 
anti-rheumatic drugs. The fact that RA could be controlled by 
low-dose PSL coupled with CAM seems to indicate that the effect 
of PSL, though small in dose, might have played sufficient effect 
for controlling RA due to steroid sparing/enhancing effect of 
CAM. The treatment applied in the present case is recommended 
in view of simplicity, safety and lesser cost.

In conclusion, the present case provides helpful clues for 
understanding the mechanism whereby EBV-associated HL 
develop in RA patients, and also provides effective treatment for 
RA as well as HL.  The clinical course showed that MTX itself has 
no direct effect on developing HL but rather caused reactivation 
of EBV, consequently resulting in HL. 
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