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Quantitative Analysis of Cell-free Epstein-Barr Virus DNA in Plasma of Patients

with Peripheral T-cell Lymphoma and Peripheral T-cell Proliferative Disease
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ABSTRACT

Purpose: To investigate the detectability and nature of Epstein-Barr virus (EBV) DNA in the
plasma and to evaluate whether the plasma concentrations of EBV DNA correlate with the EBV
genomic status in peripheral blood T-cells and neoplastic cells, and the clinical outcome among
patients with peripheral T-cell and NK-cell lymphomas (PTCL) and peripheral T-cell proliferative
diseases (PTPD).

Experimental Design: The quantitative EBV DNA in the plasma of samples was measured by using
real-time PCR with SYBR green I. All of 90 samples, 38 samples were obtained from patients with
PTCL, 7 samples were obtained from patients with PTPD, and 45 samples were obtained from
healthy volunteers. Lymphocytes were isolated from peripheral blood by using Ficoll solution and
anti-human CD3 antibody conjugated magnetic beads. The presence of the EBV genome, internal
repeat-1 region (IR-1), in the isolated CD3" and CD3" cells was analysed by PCR. Detection of the
EBV expression (EBV-encoded early RNA, EBER) in corresponding tumor tissues was carried out
using in situ hybridization. DNase | digestion was applied to determine encapsidated and naked
EBV DNA. Statistical analysis of the concentrations of EBV DNA in the plasma, EBV genomes in
peripheral blood lymphocytes and in tumor cells, and disease outcome was performed.

Results: Using real-time quantitative cell-free EBV DNA in the plasma was detectable in 32/38
(84.2%) of PTCL patients and 5/7 (71.4%) of PTPD patients. The mean EBV DNA concentration in
the positive cases was 283,560 copies/ml (range, 23-6,329,500 copies/ml). EBV DNA in the plasma
was not detected in any of the controls. Patients with EBV genome (IR-1) in peripheral blood CD3"
cells and EBV genome (EBER) in the tumor cells had a significantly higher plasma EBV DNA
levels than those with negative EBV genomes (P=0.0001 and P<0.00005, respectively). After
DNAse | treatment in ten representative patients with various levels of EBV DNA in their plasma,
the majority showed that circulating EBV DNA molecules were naked form with minimal amount
of encapsulated virions. Nine of the 11 patients showed a reduction of plasma EBV DNA levels
after chemotherapy. The patients in this study had a very poor prognosis; the median survival time
was only three months. The plasma EBV DNA levels were not related to survival of the patients
(P=0.08).

Conclusion: The concentration of EBV DNA in the plasma had a significant relationship to the
EBV-positive PTCL and PTPD patients but was not a reliable marker for predicting the outcome of
disease. The majority of the circulating cell-free EBV DNA was naked DNA.



Key Words: Epstein-Barr virus (EBV), peripheral T-cell and NK-cell lymphomas (PTCL),
peripheral T-cell proliferative diseases (PTPD), real-time quantitative PCR, cell-free EBV DNA.

INTRODUCTION

Latent Epstein-Barr virus (EBV) infection is associated with a heterogeneous group of
malignancies, including nasopharyngeal carcinoma, gastric carcinoma, smooth muscle tumor in
immunocompromised patient, thymic epithelial carcinoma, Hodgkin’s lymphoma, malignant B-cell
lymphoproliferative diseases, post-transplant lymphoproliferative disorders, peripheral T-cell and
NK-cell lymphomas (PTCL), and peripheral T-cell proliferative diseases (PTPD) **°.

PTCL represent 7% to 40% of all non-Hodgkin’s lymphoma with the ratio depending
largely on the geographic area'’. They are more commonly found in Asia and Central and South
America than in western countries ®****. PTCL consist of various groups of lymphoid neoplasms,
which have heterogeneous clinical, histologic, immunophenotypic, and molecular features. The
World Health Organisation (WHO) classification of neoplastic diseases of hematopoietic and
lymphoid tissues was established in 2001**. The peripheral (mature) T-cell and NK-cell neoplasm
classification in the WHO scheme is separated into 16 subtypes, including extranodal NK/T-cell
lymphoma, nasal type, peripheral T-cell lymphoma, unspecified, angioimmunoblastic T-cell
lymphoma, and subcutaneous pannicutitis-like T-cell lymphoma. We have reported a separate
entity of the peripheral T-cell neoplasm, which is not included in the WHO classification scheme
defined as Peripheral T-cell Proliferative Diseases (PTPD) "% *°. Clinical and laboratory findings
of the PTPD patients include prolonged fever, weight loss, lymphadenopathy, hepatosplenomegaly,
anemia, jaundice and high serum levels of alkaline phosphatase and lactate dehydrogenase. Liver
involvement was demonstrated by the infiltration of T-cells into the hepatic sinusoids and portal
tracts. The morphology of the T-cell infiltrates varies from the mature cells to the definite malignant
lymphoid cells. The monoclonal band of the T-cell receptor genes rearrangement study was
detected in about 90% of patients ’. The majority of antigenic phenotypes of these T-cell infiltrates
were CD3", CD4", CD8", CD20" CD45R0", CD56°, CD57", BF1" and TIA-1". The median survival of
the PTPD patients was only two months despite chemotherapy.

Specific subtypes of PTCL, such as extranodal NK/T-cell lymphoma, nasal type, peripheral
T-cell lymphoma, unspecified, and angioimmunoblastic T-cell lymphoma were highly associated
with EBV infection, ranging from 40% to more than 95% of the cases ®'® ", The EBV genome, by

an in situ hybridization study, was also demonstrated in 30% to 40% of PTPD patients " *>. These



findings confirmed the significant association between EBV infection and peripheral T-cell
proliferative diseases/lymphomas.

A high level of cell-free EBV DNA in plasma was detected in patients with EBV-associated
disease such as nasopharyngeal carcinoma, Hodgkin’s lymphoma, extranodal NK-T-cell lymphoma,
nasal type, post-transplant lymphoproliferative disease, Burkitt’s lymphoma, lymphoepithelial
carcinoma, and infectious mononucleosis **%. The concentration in positive samples varied from
24 to more than 600,000 copies/ml, while the samples from healthy individuals were usually
negative. In nasopharyngeal carcinoma and extranodal NK-T-cell lymphoma, nasal type, and
Hodgkin’s lymphoma patients, the EBV viral load shows promise as a marker of tumor burden that
will facilitate monitoring of patients after therapy *® %%,

In this study, we investigated whether EBV DNA levels in the plasma measured by real-
time quantitative PCR correlate with the presence of EBV genomes in peripheral blood
lymphocytes and in tumor tissues, chemotherapy, and survival of patients. DNase | treatment was

designed to determine circulating cell-free EBV DNA as naked EBV DNA.

MATERIAL AND METHODS

Study population. A case-control study of patients with peripheral T-cell proliferative
diseases/lymphomas was conducted in Songklanagarind University Hospital, a 900-bed hospital in
Songkhla Province, Thailand. The subjects were recruited from August 2004 to July 2006 (a two-
year period). There were 45 patients included in this study, of which 38 patients were cases of
peripheral T-cell and NK-cell lymphomas (PTCL) and 7 were peripheral T-cell proliferative
diseases (PTPD). The PTCL patients were classified according to the WHO classification'*. The
group comprised of 8 extranodal NK/T cell lymphoma, nasal type (NK/T), 20 peripheral T-cell
lymphoma, unspecified (PTCL-u), 7 angioimmunoblastic T-cell lymphoma (AITL), and 3
subcutaneous panniculitis-like T-cell lymphoma. PTPD cases were classified according to our
previous reports " **. Clinical follow-up and outcome were derived from patient case notes. Follow-
up blood samples were taken at three month intervals. Forty-five healthy volunteers who were
residents of Songkhla province in Thailand were recruited as a control group. Their selection was
based on matching with the patients according to sex and age (+ 5 years). VVolunteers with a
previous history of serious illness, hematological disease, or fever within one month prior to the
study were all excluded from the study. This study was approved by the Hospital Ethics Committee,

and all the patients and controls were informed.
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In situ hybridization (ISH) for EBV. The fluorescein-conjugated EBV oligonucleotides
complementary to portions of the EBV-encoded early RNA transcripts (EBER) (EBER1/2; EBV
probe ISH Kit, Novocastra, UK) that are actively transcribed in latently infected cells, as previously
described %°, were used in this study. The ISH assay was performed in tumor tissues derived from
lymph node, bone marrow, skin, nasopharynx, and nasal cavity of 42 patients. Briefly, sections
(5pum) from formalin fixed, paraffin-embedded blocks of the tumor tissue were mounted on
Histogrip-coated slides (Zymed labs, San Francisco, CA, USA) and baked for 60 min at 55°C. They
were then deparaffinised in xylene, hydrated in ethanol, and digested in proteinase K. Each slide
was hybridized with a fluorescein-conjugated EBER probe, washed, and reacted with 5-bromo-4
chloro-3-indolylphosphate (BCIP) and nitro blue tetrazolium (NBT) for visualisation.

White blood cell preparation. Twenty milliliters of heparinized peripheral blood samples
were obtained from 45 patients and 45 healthy controls. Lymphocytes were isolated by centrifuge
using Ficoll solution (Ficoll-Paque Plus, Amersham Pharmacia Biotech AB, Uppsala, Sweden).
Next, the isolated lymphocytes were washed with saline and complete RPMI and then resuspended
in 0.5-1.0 ml of complete RPMI supplemented with 10% fetal calf serum. By using anti-human
CD3 antibody conjugated magnetic beads (Dynabeads M-450 CD3, Dynal AS, Oslo, Norway) the
cells were fractionated into non-T cells (CD3" cells) and T cells (CD3" cells). The steps for the
isolation procedure followed those of the manufacturer’s protocol.

DNA extraction and PCR analysis. DNA was extracted from isolated CD3" and CD3" cells
using the QIAamp DNA blood Mini Kit (Qiagen, Hilden, Germany) following the manufacturer’s
instructions. The extracted DNA was eluted with 50-100 pl of elution buffer prior to the PCR
reaction.

The PCR for EBV DNA was performed using the oligonucleotide primers for amplification
of IR-1, E1:3 (1087-1106) and E2:3 (1196-1215) as previously described ?’. The amplification
included positive control with DNA from Raji cells. The amplified fragment length was 129 bp.

Plasma preparation and DNA extraction. The heparinized plasma from the patients and
controls was centrifuged at 6,000 rpm for 10 minutes and the supernatants were passed through a
0.45 pm filter using spin X centrifuge tube filters (Corning, NY, USA) to remove any cellular
fragments. The plasma samples were then stored at -20°C until further processing. DNA was
extracted from 200 pl of each filtrated plasma using the QlAamp DNA blood Mini Kit (Qiagen,
Hilden, Germany) following the manufacturer’s process. A final elution volume of 200 pl was

stored prior to the PCR reaction.
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Real-time PCR for quantitative EBV DNA with SYBR green I. The PCR primers set was
derived from the BamHI W region, the internal repeat 1 (IR-1) of EBV ?’ . The upstream and
downstream primers sequences were 5’-CCC GGA CGA TAT TGA ACA-3’ and 5’-GTT TCC
GTC TGG GCT TCT-3’, respectively. The real-time PCR amplification was carried out in a
COBAS TagMan 48 Instrument (Roche, USA). The reaction mixture contained 10 pl of plasma
DNA, 20 pl of QuantiTect SYBR Green PCR Master Mix (Qiagen GmbH, Hilden, Germany), 0.5
KM each primer, and nuclease-free water to a final volume of 50 ul. The amplification reaction
consisted of a preincubation step at 95°C for 10 min to activate the HotStarTaqg DNA polymerase.
This was followed by 50 cycles of amplification including denaturation at 95°C for 20 s, annealing
at 55°C for 20 s cycle delay for 5 s and extension at 72°C for 20 s. Real-time fluorescence
measurements were taken and a threshold cycle (CT) value for each sample was calculated by
determining the point at which the fluorescence exceeded a threshold limit. A calibration curve was
run in parallel with each analysis, using serial 10-fold DNA extracted from an EBV-positive cell
line (Raji) as a standard. Raji was a diploid cell line containing EBV viral genome 50 copies/cell %%
A conversion factor of 6.6 pg of DNA per diploid cell ® was calculated for the amount of EBV. The
CT values from plasma DNA were plotted on the calibration curve, and the copy number was
calculated automatically by a software package for data analysis. Each sample was tested in
duplicate, and the mean of the two values was shown as the copy number of the sample. The results
were expressed as copies of EBV genome/ml of plasma. Samples were defined as undetectable if
the CT values exceeded 50 cycles.

After amplification, melting curve analysis was performed by increasing the temperature
form 40°C to 95°C. The melting temperature (Ty,) of each sample was used for identification of the
EBV DNA. Samples that showed the same T, point with a Raji cell were interpreted as containing
the EBV genome.

DNase | Treatment

To further distinguish all-free circulating naked EBV DNA from encapsidated EBV virions,
the plasma samples from ten representative patients (4 NK/T, 3 PTCL-u, 2PTPD, and 1 AITL)
with various levels of EBV viral load were digested by DNase | (DNase RQI, Promega, Medison,
WI, USA). The supernatant from B95-8 cell line was included as a positive control for the presence
of EBV DNA. The samples (200 pl, each) were incubated with 25 pl DNase | for 6 hours at 37°C,
and then an additional 25 pl DNase | was added followed by a second incubation for 6 hour at 37°C.

Stop buffer was added to inactivate the enzyme with incubation at 65°C. Both digested and
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undigested samples were assayed for EBV viral load by the real-time PCR as described above. The
real-time PCR of B—globin DNA in post digested samples was performed as a control to confirm the

efficiency of DNase | degradation.

Statistical analysis
The data were analysed with Stata statistical software (Stata version 7.0). The correlation of
the plasma EBV DNA level in each group was determined using Student’s t test. A Kaplan-Meier

plot was used to estimate the survival of patients.

RESULTS

The patients were 32 males and 13 females, ranging in age from two to 80 years. The sex-
matched controls ranged in age from three to 77 years. The mean + SD ages of the patients and
controls were 43.8 + 20 years and 44.8 + 20.1 years, respectively. Of the 45 patients, two of the
NK/T subtype and one PTCL-u subtype had insufficient tumor tissue for detection of EBER by ISH
assay and were excluded from ISH assay. Additionally, two cases of NK/T subtype had
lymphopenia and gave inadequate samples for cell isolation, resulting in only 43 patients being

available for PCR detection of EBV genome (IR-1) in peripheral blood lymphocytes.

TABLE I. EBV In Situ Hybridization (EBER) Study in the Tumor Cells

Type of tumors  Positive cases/total no. tested cases Percent positive
NK/T 6/6 100
PTCL-u 13/19 68.4
AITL 3/7 42.9
Subcut 0/3 0

PTPD 37 42.9
Total 25/42 59.5

NK/T, extranodal NK/T-cell lymphoma, nasal type; PTCL-u, peripheral T-cell lymphoma,
unspecified; AITL, angioimmunoblastic T-cell lymphoma; Subcut, subcutaneous panniculitis-like

T-cell lymphoma; PTPD, peripheral T-cell proliferative diseases.
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Table 1 shows the ISH study of EBER in 42 patients with various subtypes of peripheral T-
cell proliferative diseases/lymphomas. EBERs were identified in 25/42 (59.5%) of patients. In 25 of
these samples, the EBERs were shown in 6/6 (100%) of NK/T, in 3/7 (42.9%) of AITL, in 13/19
(68.4%) of PTCL-u, and in 3/7 (42.9%) of PTPD. None of the three cases of subcutaneous
panniculitis-like T-cell lymphoma was EBER positive.

Table Il shows the EBV genome (IR-1) in the peripheral blood lymphocytes of 45 controls
and 43 patients. Among the control group, the EBV genome in the peripheral blood CD3" cell was
not detected in any subject, whereas 42.2% of controls contained the EBV genome in the peripheral
blood CD3' cells. In contrast to the controls, 65.1% of the patients showed EBV genome in the
peripheral blood CD3" cells, and 83.7% in the peripheral blood CD3" cells. All cases of NK/T
subtype showed EBV genome in both CD3" and CD3" cells. All patients with positive EBV genome
in CD3" cells also showed EBV genome in CD3" cells.

TABLE Il1. EBV Genomic (IR-1) Study in Peripheral Blood Lymphocyte of the 45 Controls and
43 Patients

No. of cases with IR-1 positive
Control NK/T PTCL-u AITL Subcut PTPD  Total cases
(n=45) (n=6) (n=20) (n=7) (n=3) (n=7) (n=43)
% % % % % % %

Type of cells

CD3" cells 0 0O 6 100 14 700 2 286 2 666 4 571 28 651

CD3 cells 19 422 6 100 17 850 5 714 2 666 6 857 36 837

NK/T, extranodal NK/T-cell lymphoma, nasal type; PTCL-u, peripheral T-cell lymphoma,
unspecified; AITL, angioimmunoblastic T-cell lymphoma; Subcut, subcutaneous panniculitis-like
T-cell lymphoma; PTPD, peripheral T-cell proliferative diseases
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Figure 1. EBV DNA levels in the 45 controls and 45 patients.

The results of the quantitative analysis of EBV DNA in the plasma of the controls and
patients are shown in Figure 1. EBV DNA in the plasma was detected in 37/45 (82.2%) of the
patients, but none was detected in the controls. The concentration of EBV DNA in the plasma of the
positive samples varied from 23 to 6,329,500 copies/ml (mean = 283,560 copies/ml). Figure 2
shows the EBV DNA levels in each of the subtypes of PTCL, and PTPD. All the cases of NK/T
showed EBV DNA positive in the plasma with the load varying from 120 to 2,184,000 copies/ml.
The highest concentration was detected in a patient with PTPD (6,329,500 copies/ml).
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Figure 2. EBV DNA levels classified by subtypes of disease (NK/T, extranodal NK/T-cell
lymphoma, nasal type; PTCL-u, peripheral T-cell lymphoma, unspecified; AITL,
angioimmunoblastic T-cell lymphoma; Subcut, subcutaneous panniculitis-like T-cell

lymphoma; PTPD, peripheral T-cell proliferative diseases)

With DNase | treatment in ten plasma samples, the levels of EBV DNA were undetectable
in the plasma samples of 5 patients and other five patients showed marked reduction of the levels
of EBV DNA. The EBV DNA detection in the supernatant of the B95-8 cell line after DNase |
treatment was 6.44% (Table I11). To confirm that DNase | enzyme was efficiently degrading DNA
in these samples, a real time PCR of the -globin gene post-DNase | treatment was performed. The
-globin DNA was completely degraded by DNase | treatment in all of the five tested samples and
the supernatant of the B95-8 cell line.
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TABLE I11. Cell-free EBV DNA Levels Before and After DNase | Digestion in Ten Patients.

Sample Type of EBV DNA (copies/ml) % EBV DNA
tumor remaining

Before DNase | After DNase |  After DNase |

1 NK/T 2.67 X 10° undetectable 0

2 NK/T 5.91 X 10° 42 0.01

3 NK/T 1.35 X 10° 20 0.13

4 NK/T 1.86 X 10? undetectable 0

5 PTCL-u 2.13 X 10° 1.84 X 10° 0.09

6 PTCL-u 1.27 X 10° 3.17 X 10° 0.25

7 PTCL-u 1.70 X 10* undetectable 0

8 AITL 4.99 X 10 undetectable 0

9 PTPD 9.69 X 10° 9.65 X 10? 0.10

10 PTPD 3.45 X 10* undetectable 0

control  B95-8 1.02 X 10’ 6.55 X 10° 6.44

NK/T, extranodal NK/T-cell lymphoma, nasal type; PTCL-u, peripheral T-cell lymphoma,

unspecified; AITL, angioimmunoblastic T-cell lymphoma; PTPD, peripheral T-cell proliferative

diseases
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Figure 3. EBV DNA levels in 28 patients who showed EBV DNA in peripheral blood CD3" cell,
and 15 patients with absence of EBV DNA in peripheral blood CD3" cells.

The relationship of the concentration of EBV DNA in plasma between the presence and the
absence of EBV DNA in CD3" cells is shown in Figure 3. The EBV DNA levels in the EBV-
positive CD3" cells were significantly higher than those in the EBV-negative CD3" cells
(logarithmically transformed followed by t-test, P = 0.0001). Figure 4 shows the relationships of the
EBV DNA levels in the plasma between EBER-positive and EBER-negative tumor cells.
Significant difference of EBV DNA levels was detected between the EBER-positive tumor cells
and the EBER-negative tumor cells (logarithmically transformed followed by t-test, P < 0.00005).

Ten patients with EBER-negative tumor cells showed EBV DNA in the plasma ranging
from 23 to 9,164 copies/ml. Of these ten patients, four showed the EBV genome in peripheral
blood CD3" and CD3 cells, three showed EBV genome only in CD3cells, and three showed no
EBV genome in either the CD3"or the CD3" cells.
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Figure 4. EBV DNA levels in 17 patients with EBER negative in the tumor cells, and 25 patients
with EBER positive in the tumor cells.

As for the patients with multidrug chemotherapy (CHOP regimen), the follow-up of plasma
EBV DNA levels at three-month intervals was taken from 11 patients as shown in Figure 5. Nine
patients demonstrated a reduction of plasma EBV DNA levels after therapy. However, seven of
these nine patients died after follow-up at the second three-month interval.

Follow-up data and outcome of the 45 patients are represented by Kaplan-Meier analysis
(Figure 6). Thirty-six (80%) patients died at the median survival time of 3 months. Nineteen
patients received multidrug chemotherapy and 15 of them died at a median survival time of 5.7
months. The plasma EBV DNA concentration was not related to the survival time of the patients

(logarithmically transformed followed by t-test, P=0.08).
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Figure 5. Serial measurement (three-month intervals) of EBV DNA levels in 11 patients who

received chemotherapy and died.
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Figure 6. Kaplan-Meier survival estimates of 45 patients with peripheral T-cell and NK-cell

lymphomas and peripheral T-cell proliferative diseases.
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DISCUSSION

Quantitative analysis of plasma EBV DNA levels has been shown to be clinically important

in the diagnosis, therapeutic response and monitoring of EBV-associated malignancy patients 2*

% Circulating EBV DNA may exist in different forms in different clinical entities. Chan., et al *®
showed that the circulating EBV DNA molecules in patients with nasopharyngeal carcinoma (NPC),
Hodgkin’s lymphoma (HL) and NK/T-cell lymphoma are naked DNA fragments instead of being
encapsidated EBV DNA. However, Shotelersuk K, et al 3 and Gallagher A et al * reported that
half of the NPC patients but none of HL patients had EBV DNA in the serum after DNase |
digestion. These results indicate that the circulating EBV DNA could be mixture of naked and
encapsidated EBV DNA. Ryan et al ** have shown that EBV DNA in the plasma of AIDS-related
lymphoma and immunosuppressed/transplant patients was almost always naked viral DNA,
whereas infectious mononucleosis patients often have a mixture of encapsidated and naked EBV
DNA. In this study, we showed that the nature of circulating EBV DNA in patients with PTCL and
PTPD exists as the naked form, whereas the intact virions may be found in minimal amount in some
patients. It has been reported that in most EBV-associated malignancies, EBV gene expression is
rather limited and does not involve lytic genome replication or production of new virions®. The
EBV genome is present in individual tumor cell in its latent episomal form and the viral genome is
replicated during each tumor cell division by host DNA polymerase together with host
chromosomes®. In some EBV-associated malignancies, the EBV genome may be present in a latent
integrated form and also be replicated during each tumor cell division®**. The presence of circulating
naked EBV DNA is possible due to the necrosis and apoptosis of neoplastic cells and release of free
DNA to the circulation. Previous study has shown that cellular DNA was degraded into
nucleosomal fragments during apoptosis and necrosis®. The circulating latently EBV-infected
memory B-cells in the immunocompromised patients may differentiate into plasma cells and enter
the lytic program of EBV replication® *’. Our finding of the presence of encapsidated virions in the
plasma of some patients is suggested to be due to this mechanism.

In the present study, we detected circulating EBV DNA in the plasma samples from all 8/8
of patients with NK/T, 17/20 of patients with PTCL-u, 6/7 of patients with AITL, 1/3 of patients
with subcutaneous panniculitis-like T-cell lymphoma, and 5/7 of patients with PTPD. Eight patients
(11.8%) and all of the controls did not show circulating EBV DNA. There was a wide variation of
plasma EBV DNA concentration in the positive cases with the results varying from 23 to more than
six million copies/ml. This might be a reflection of the tumor load or type of neoplasm in individual

cases. Our data also showed the reduction of plasma EBV DNA level following chemotherapy. The
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correlation between plasma EBV DNA level and the therapeutic response suggests that tumor cells
were the principal source of circulating EBV DNA. This hypothesis is confirmed by a previous
report on EBV typing between primary tumors and sera showing identical results .

Two thirds of the patients showed the EBV genome in the peripheral blood CD3" cells,
which was not detected in any of the controls. This concurs with our previous report on EBV-
associated T-cell and NK-cell proliferative diseases/lymphomas °. By analyzing the levels of
plasma EBV DNA from patients with presence and absence of EBV genome in the peripheral
blood CD3" cells, our data indicate that patients with EBV genome in peripheral blood CD3" cells
have a significantly higher concentration of plasma EBV DNA copies than those negative cases. All
patients with EBV genome in the peripheral blood CD3" cells also have EBV genome in the
peripheral blood CD3" cells. This raises the possibility that infected B-cells could be the source of
the viral infection in T-cells.

Our data have demonstrated that the EBV genome (EBER) in tumor cells was found in 60%
of the cases and the EBER-positive patients also showed significantly higher concentrations of the
plasma EBV DNA than the EBER-negative patients. However, some of our patients with EBER
negative tumor cells demonstrated low levels of EBV DNA in their plasma. This finding
corresponds to a previous report showing a slight increase in plasma EBV DNA in a significant
proportion of patients with EBER-negative squamous cell carcinoma of the head and neck regions
2> Additionally, three patients in our study who had undetectable EBV genome in tumor cells and
circulating lymphocytes showed a positive EBV DNA detection in the plasma (29, 69, and 920
copies/ml). The presence of circulating EBV DNA in these patients remains unclear.

Plasma EBV DNA was shown to be a predictor for the outcome of treatment in patients with
nasopharyngeal carcinoma *. The patients with detectable plasma EBV DNA had a significantly
worse overall survival and relapse-free survival than those with undetectable EBV DNA after
radiotherapy. On the contrary, the overall survival of the patients in our reported series was not
related to the plasma EBV DNA concentration. This may be attributed to the very short survival
time of the patients with PTCL and PTPD.
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Reduction of Soluble Complement Receptor 2/CD21 in Patients with Peripheral T-

cell and NK-cell Lymphoma, and Peripheral T-cell Proliferative Disease
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ABSTRACT

Background: The soluble form of complement receptor 2/CD21 (sCD21) is spontaneously released
by B and T cells upon shedding of the extracellular domain of the molecule. Reduction of sCD21
levels was detected in systemic lupus erythematosus, Sjogren syndrome and rheumatoid arthritis
Objective: To investigate plasma sCD21 level in patients with peripheral T-cell and NK-cell
lymphoma (PTCL), and peripheral T-cell proliferative disease (PTPD).

Study design: The case-control study was conducted on 45 patients with PTCL and PTPD.
Detection of plasma sCD21 levels was based on a solid phase sandwich enzyme link-immuno-
sorbent assay (ELISA).

Results: Plasma sCD21 concentration of the patients was significantly lower than the controls.
There was no significant difference between PTCL and PTPD group, and also in the presence or
obsence of EBV genome in the tumor tissues. There was no correlation between plasma sCD21
concentration and the EBV viral load in this group of patients.

Conclusion: PTCL and PTPD patients have significant lower sCD21 levels than healthy controls.
Plasma sCD21 level is not related to the presence or absence of EBV genome in the plasma and in

the tumor tissues.
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INTRODUCTION

CD21 (complement receptor type 2, CR2) is a 145 kDa type 1 transmembrane glycoprotein
that was described as the receptor for fragments of complement component C3 (C3dg, C3d and
iC3b) on the immune complexes and as the receptor for Epstein-Barr virus (EBV) (1-3). The CD21
protein consists of an extracellular domain of 15 or 16 short concensus repeats (SCR1 to SCR16)
followed by a transmembrane region and a short intracytoplasmic domain (4). The EBV
glycoprotein gp350/220 attaches to the two most membrane-distal CD21 repeats, SCR1 and SCR2
(5,6). CD21 is expressed in peripheral blood B cells and B cell lines, but not on early pre B cells
and late developmental stages (7). In addition it is expressed in low amount on human follicular
dendritic cells, peripheral blood T cells and a subpopulation of immature T cells (8-10). Thirty to
40 per cent of normal peripheral blood T cells express CD21 and the intensity of CD21 expression
is approximately 10-fold lower than peripheral blood B cells (9). CD21 also expressed on basophils
and astrocytes (11, 12).

Soluble CD21 (sCD21) is the ectodomain part of membrane bound CD21 generated by
shedding from the cell surface and is found in human plasma, synovial fluid and in cell culture
supernatant of human lymphoid cells (B cells and T cells) (13-15). There are several forms of
sCD21 in the circulation, and a 126 kDa form is considered to be a major component (16, 17).
Peripheral blood B cells, but not T cells, contribute to a major source of plasma sCD21-pool (18).
Soluble CD21 retains the capacity to bind complement fragements (iC3b), EBV and CD23.
Functionally sCD21 can activate monocyte through binding to membrane CD23 and abrogate B
cell/follicular dendritic cell interaction, there by inhibiting antibody production by antigen primed B
cells (14, 19). Levels of sCD21 vary in age and in several clinical conditions. Serum sCD21
concentration decreases with age and is independent of gender (18). Decreased levels of serum
sCD21 were seen in patients with systemic lupus erythematosus, Sjogren syndrome and rheumatoid
arthritis (13-14, 20). Elevated levels of sSCD21 were observed in patients with infectious
mononucleosis, rubella infection, B cell chronic lymphocytic leukemia (B-CLL) and
nasopharyngeal carcinoma (21-22). To our knowledge, there is no substantial report on sCD21
levels in patients with malignant lymphoma of various types. It has been shown that recombinant
sCD21 can cause inhibition of EBV infection of B cell in vitro and in vivo (23;24). Soluble CD21
may has poteintial therapeutic value in the treatment of EBV-induced malignancies.

Peripheral T cell lymphoma (PTCL) represent 7% to 40% of all non-Hodgkin’s lymphoma
with the ratio depending largely on the geographic area (25). They are more commonly found in

Asia and Central and South America than in western countries (26, 27). PTCL consist of various
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groups of lymphoid neoplasms, which have heterogeneous clinical, histologic, immunophenotypic,
and molecular features. We have reported a separate entity of the peripheral T cell neoplasm, which
is not included in the WHO classification scheme defined as Peripheral T cell Proliferative Diseases
(PTPD) (28-30). Clinical and laboratory findings of the PTPD patients include prolonged fever,
weight loss, lymphadenopathy, hepatosplenomegaly, anemia, jaundice and high serum levels of
alkaline phosphatase and lactate dehydrogenase. Liver involvement was demonstrated by the
infiltration of monoclonal T cells into the hepatic sinusoids and portal tracts.

Specific subtypes of PTCL, such as extranodal NK/T cell lymphoma, nasal type, peripheral
T cell lymphoma, unspecified, and angioimmunoblastic T cell lymphoma, were highly associated
with EBV infection, ranging from 40% to more than 95% of the cases (28, 31). The EBV genome,
by an in situ hybridization study, was also demonstrated in 30% to 40% of PTPD patients (28, 29).
These findings confirmed the significant association between EBV infection and peripheral T cell
proliferative diseases/lymphomas.

Cell-free EBV DNA was detected in 84% of PTCL patients and 71% of PTPD patients, but
not in the control (32). Patients with EBV genome (EBER) in the tumor cells had significantly
higher plasma EBV DNA levels than those with negative cases. The majority of circulating EBV
DNA molecule was naked form.

In this study, we investigated sCD21 levels in the plasma by the ELISA method in patients
with PTCL and PTPD as compare to the healthy controls. We also investigated whether sCD21
levels correlate with the presence of EBV genome (EBER) in tumor tissues and EBV DNA

concentration in the plasma.

MATERIALS AND METHODS

Study population

A case-control study of patients with peripheral T-cell proliferative diseases/lymphomas was
conducted in Songklanagarind University Hospital, a 900-bed hospital in Songkhla Province,
Thailand. There were 45 patients included in this study, of which 38 patients were cases of
peripheral T-cell and NK-cell lymphomas (PTCL) and 7 were peripheral T-cell proliferative
diseases (PTPD). The patients were 32 males and 13 females, ranging in age from two to 80 years.
The sex-matched controls ranged in age from three to 77 years. The median ages of the patients
and controls were 47 and 48 years, respectively. This study was approved by the Hospital Ethics

Committee, and all the patients and controls were informed.
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Quantification of SCD21 from plasma by ELISA

The detection of human sCD21, was based on a solid phase sandwich Enzyme Linked-
Immuno-Sorbent Assay (ELISA), was performed follow the manufacturer’s protocol (Abcam,
Cambridge, United Kingdom). Briefly, 100 mcL of plasma sample, was added into the microtiter
plate well, followed by adding 50 mcL of biotinylated anti-sCD21. The mixture was incubated for
1 hour at room temperature. After washing 5 times with washing buffer, Strepatavidin conjugated
with horseradish peroxidase enzyme was added 100 mcL into the well and incubated for 30 minutes.
The reaction well was washed 5 times as above then 100 mcL of tetramethylbenzidine (TMB)
chromogen was added and incubated in the dark for 15 minutes. The reaction was stopped by
adding 100 mcL of H,SO,4 and measured the optical density (OD) at 450/620 nm with automate
ELISA analyzer (BEP Il1, Dade-Behring, Marburg, Germany). The 2-fold serial dilution of
standard 100 to 3.12 U/ml were added every batch tested. The calibration curve was constructed to

calculate the concentration of human sCD21 in the sample.

In situ hybridization (ISH) for EBV

The fluorescein-conjugated EBV oligonucleotides complementary to portions of the EBV-
encoded early RNA transcripts (EBER) (EBER1/2;EBV probe ISH Kit, Novocastra, United
Kingdom) that are actively transcribed in latently infected cells, as previously described (33), were
used in this study. The ISH assay following the manufacturer’s instructions was performed in
tumor tissues derived from lymph node, bone marrow, skin, nasopharynx, and nasal cavity of 42

patients.

Real-time PCR for quantitative EBV DNA with SYBR green |
Real-time PCR method and the results of quantitative analysis of EBV DNA in the plasma

of the patients are referred to Ref. 32.

RESULTS

Fig.1 shows plasma concentration of SCD21 in 45 healthy controls and 45 patients with
PTCL or PTPD. The plasma levels of the control group ranged from 23.1 to 527.3 U/ml with the
geographic mean/median values of 94.9/94 U/ml, and for the patients, ranging from 20.1 to 111.3.2
U/ml with the geographic mean/median values of 62.6/50.4 U/ml. The sCD21 plasma level of the

patients was significantly lower than the control group (Mann-Whitney, P=0.0005). There was no
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correlation between plasma concentration of SCD21 and the cell-free EBV DNA plasma
concentration in this group of patients (Spearman correlation coefficient = -0.0545, P=0.7285)

According to patients with PTCL and PTPD, there was no significant difference in the
plasma sCD21 concentration (Mann-Whitney, P=0.925). Of those 42 patients with adequate tumor
sample taken for EBER analysis; 24 showed EBER positive and 18 showed EBER negative in their
tumor cells Significant difference of the plasma sCD21 levels was not detected among this two
groups (Mann-Whitney, P=0.4926)
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Fig. 1 Plasma soluble CD21 (sCD21) concentration in the 45 healthy controls and 45 patients.

DISCUSSION

The study presented here demonstrates that the levels of sSCD21 in the plasma of PTCL and
PTPD patients were significantly lower than in a control group of age- and sex-matched healthy
individuals. This finding was similar to the previous report on patients with systemic lupus
erythematosus. Sjogren syndrome and rheumatoid arthritis (13-14, 20). The sCD21 plasma
concentration in this group of patients was not related to the presence of EBV genome in their
tumor tissues and the numbers of plasma cell-free EBV DNA. We believe that the reduction of

sCD21 level is not caused by EBV infection but rather than causing by the disease mechanisms.
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There are several possible reasons for this reduction. First, a decreased amount of
circulating lymphocytes in PTCL and PTPD patients. The median value of circulating lymphocytes
in this group of patients was 643 cells/mm?® with the range of less than 50 to 2470 cells/mm°.
Secondly, an increased in amount of complement activation products could bind to sCD21, leading
to increased clearance from plasma. Thirdly, circulating EBV DNA may bind to sCD21 and
inhibited sCD21 detection by the ELISA method.
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Blood Lymphocytes of Peripheral
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INTRODUCTION

Epstein-Barr virus (EBV) is a lymphocryptovirus belonging to the subfamily of
gammaherpesvirinae. It is an etiologic agent of infectious mononucleosis, which is a self-limiting
disease, and a fatal form is an uncommon presentation of primary infection and is characterized by
an uncontrolled B-cell proliferation due to a defect in T-cell-mediated immune regulation (1,2).
EBV infection has also been implicated in the development of a variety of malignancies, including
nasopharyngeal carcinoma, gastric carcinoma, smooth muscle tumor in immunocompromised
patients, thymic lymphoepithelial carcinoma, Hodgkin’s disease, and non-Hodgkin’s lymphoma of
B-cell and T-cell (NHL-B, NHL-T) origins(3-10).

EBV DNA is detected as a linear form in cells at the lytic phase of EBV infection, but
during latent infection the viral genome is maintained in the episomal form. For many EBV-
associated diseases/malignancies, it is still a matter of controversy whether infected cells harbor
episomal or chromosomally integrated EBV genomes of both. Whether EBV integrates into the
human genome randomly or non-randomly is still debatable. It is well established that the
expression of EBV genes per se carries oncogenic potential, but the discrimination between the

episomal form and integrated form is of great relevance because integration events can contribute to
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the ocogenic propertics of EBV, whereas host cells that harbor episomes may not carry the risks
mediated by chromosomal integration (11).

The EBV genomic integration into the host cell chromosome was reported in many diseases
such as chronic active EBV infection (12), and EBV-associated nasopharyngeal carcinoma (13).
Oshima K et al (14) reported 104 cases of EBV-associated disease/malignancies and showed the
integrated EBV was demonstrated in 11 cases (10%); one of 12 cases with nasopharyngeal
carcinoma (8%), 5 of 14 cases with B-cell lymphoma (36%), 4 of 31 cases with NK cell
leukemia/lymphoma (13%), and one of 11 cases with chronic active EBV infection (9%). However,
none of the 24 T-cell lymphoma, 0/7 of Hodgkin’s lymphoma, and 0/5 of acute EBV infection
cases showed integrated EBV. Seven of the eleven cases with EBV integration showed both
integrated and episomal forms. Majority of the EBV-associated malignancies carried the episomal
form of EBV DNA. The integrated form was frequently found in B-cell lymphoma and none was
detected in T-cell lymphoma.

In contrast to the EBV-associated malignancies, the integrated form was almost always
found in the EBV-associated tumor cell lines (15-18). Burkitt lymphoma cell line (Raji cell line)
showed EBV integration frequently in chromosome 4q, 2q, 1q and 7q, and no viral integration
occurred in chromosome 16-22 and sex chromosomes (18). This finding support the notion that
EBYV integrates into the Raji cell genome non-randomly. The aim of this study is to investigated
whether EBV DNA in the peripheral blood lymphocyte (CD3" cells, CD3" cells) of the PTPD and

PTCL patients is the episomal or integrated forms, or both.

MATERIALS AND METHODS

DNA probes and Southern blotting analysis

DNA was extracted from Raji and B95-8 cell lines and isolated CD3™ and CD3" cells of the PTPD
and PTCL patients using the QlAamp DNA blood Mini Kit (Qiagen, Hilden, Germany) following
the manufacturer’s instructions.

DNA probes: The extracted DNA from Raji or B95-8 cell lines were labeled with DIG-dUTP in the
PCR (PCR DIG probe synthesis kit) according to the manufacturer’s procedure (Roche Diagnostics,
IN, USA). EBV1 and EBV2 probe were developed at the left and the right of terminal repeats of
viral genome. The following specific primers based on GenBank database sequence EBV/V01555
as previously described (19) were: for EBV1 probe (895 bp),
5-AGGCATTTACGGTTAGTGTG-3’,
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and 5’-CGGTCAGGATAGCAAGAAT-3’, for EBV2 probe (620 bp),
5-ATCCTCAGGGCAGTGTGTCAG-3’,

and 5’-CAAGCCGCAGCGACTTTC-3".

Southern blotting analysis: For each cell line and sample, 1-5 pg of DNA was digested with
BamHI and the fragments were separated by electrophoresis on 0.8% agarose gel and transferred to
a Hybond N+ nylon membrane. The filters were prehybridized with DIG Easy Hyb (Roche
Diagnostics) for 2 h at 42°C, then hybridized with EBV1 and EBV2 probe overnight at 42°C.
Washings were performed in 2X SSC, 0.1% SDS at room temperature for 10 min, 0.5X SSC, 0.1%
SDS for 30 min at 68°C, and maleic acid buffer (washing buffer) for 2 min at room temperature. To
detect probe-target hybrids, the membrane was blocked with blocking solution (Roche Diagnostics)
for 30 min, then incubated with anti-Digoxigenin-AP antibody solution (Roche Diagnostics) for 30
min. After washing with washing buffer, the chemiluminescent substrate, CDP-Star (Roche
Diagnostics) was added to the blot for 5 min. Finally the membrane was sealed in the enveloped and

the light emission was recorded on the Lumi-Imager.

RESULTS

Ten PTPD and PTCL patients with the EBV genome in the peripheral blood lymphocytes;
CD3" cells and CD3" cells were included in the study. The study was performed on CD3" cells only
because difficulty in cell culture of those CD3" cells. Raji and B95-8 cell lines were used as
controls. Results showed that, the episomal form of EBV DNA was detected in Raji cell line and
the mixed forms of EBV DNA, episomal form and integrated form, were detected in B95-8 cell line.
Four of ten PTPD and PTCL patients showed episomal form of EBV DNA in their peripheral blood
CD3  cell. There was no integrated form of EBV DNA detected. Six Patients did not have enough
DNA for Southern blotting analysis.

DISCUSSION
This study has demonstrated EBV DNA in Raji cell line to be a epsiomal form instead of
being integrated form as previously described (18). The EBV genome in the circulating

lymphocytes (non-T-cells) was presented as an episomal form in the PTPD and PTCL patients

which is similar to the nature of EBV in the circulating B-cell of the latently EBV-infected healthy
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individuals. In this study are can not determine the form of EBV DNA in the peripheral blood T-

cell because of the difficulty in cell culturing of T-cells and the inadequacy of the extracted DNA.

10.

11.

12.

13.

14.
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CD21 mRNA Expression and Shedding of Soluble CD21 from Peripheral Blood T
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ABSTRACT

CD21 mRNA expression in the peripheral blood lymphocytes (CD3" cells, and CD3" cells)
and the analysis of soluble CD21 (sCD21) of the cell culture supernatant of those lymphocytes were
conducted in the peripheral T-cell proliferative disease (PTPD) and peripheral T-cell lymphoma
(PTCL) patients by RT-PCR and Western blot analysis techniques, respectively. Results showed
that half of CD3" cells and CD3" cells express CD21 mRNA, and those with positive results, sCD21
shedding was detected in all of CD3" and CD3 cell cultures. This confirms that peripheral blood T-

cell of PTPD and PTCL patients have considerable amount of CD21 molecules on the cell surface.
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INTRODUCTION

Peripheral T-cell proliferative diseases (PTPD) and peripheral T-cell lymphomas (PTCL)
are highly associated with Epstein-Barr virus (EBV) infection (1-5). The EBV genome was
detected in 30% to more than 90% of PTPD and PTCL cases. By contrast, it was detected in about
10 to 15 percent B-cell non-Hodgkin’s lymphomas in the subtypes of Burkitt lymphoma and diffuse
large B-cell lymphoma (2).

CD21 is a 145 kDa type 1 transmembrane glycoprotein that was described as the EBV
receptor and as the receptor for fragments of complement component C3 (C3d, c3dg, iC3b) (6-8).
It consists of an extracellular domain of 15 or 16 short concensus repeats (SCR1 to SCR16)
followed by a intramembranous region and a short intracytoplasmic domain (9). The EBV
glycoprotein gp350/220 attaches to the most membrane-distal CD21 repeats, SCR1 and SCR2,
which is the route of EBV entering into host cell and causes EBV infection (10, 11). CD21 is
expressed in peripheral blood B-cells and is expressed in the lower intensity (10-fold lower than
peripheral blood B-cells) in the peripheral blood T-cell (12). Peripheral blood B-cells and
peripheral blood T-cells (CD4" and CD8") from healthy individuals have similar amout of CD21
mRNA, but only B-cells, not CD4" or CD8" T-cells, expressed detectable amount of CD21
glycoprotein on their cell surface (13). A case control study on PTPD and PTCL patients
demonstrated EBV genome in the peripheral blood T-cell (CD4" cells, CD8" cells, or both) in 50%
of cases which was not found in any of the controls (14). This confirms the EBV infectivity to the
peripheral blood T-cells, but the route of infection is uncertain.

Soluble CD21 (sCD21) is ectodomain part of membrane bound CD21 generated by
shedding from the cell surface and is found in human plasma, synovial fluid and in cell culture
supernatant of human lymphoid cells (B-cells and T-cells) (15-17). There are several forms of
sCD21 in the circulation, and a 126 kDa form is considered to be major component (18, 19).
Peripheral blood B-cells, but not T-cells, contribute to a major source of plasma sCD21-pool (20).

In this study, we investigated the CD21 mRNA expression in the peripheral blood
lymphocytes (CD3" and CD3" cells) by RT-PCR technique and indirect measurement of CD21
glycoprotein expression by Western blot analysis of SCD21, in 10 PTPD and PTCL patients.
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MATERIALS AND METHODS

White blood cells preparation

Lymphocytes from the peripheral blood were isolated by centrifugation using Ficoll solution
(Ficoll-Paque plus, Amersham Pharmacia Biotech AB, Uppsala, Sweden). Isolated lymphocytes
were washed with saline and medium, and then suspended in fetal calf serum supplemented 0.5-1.0
ml of medium. By using anti-human CD3 antibody conjugated magnet beads (Dynabeads M-450
CD3, Dynal AS, Oslo, Norway), cells were fractionated into non-T cells (CD3" cells) and T cells
(CD3" cells). The steps of isolation were followed by the manufacturer’s protocol.

Western blot analysis

The culture medium was harvested from CD3" and CD3" cell culture and Raji cell line. The media
were added to sample buffer and heated at 90°C for 5 min. An equal volume of each sample was
loaded onto gradient polyacrylamide gels (4-9%) together with broad range prestained standards as
a marker (Bio-Rad, CA, USA). The protein was electrophoresed in SDS-PAGE running buffer for 2
h at 100V and transferred to Hybond ECL nitrocellulose membrane by electrophoresis at 35 V
overnight in transfer buffer. The membrane were blocked for 1 h in a solution of 5% w/v skim milk
powder in 1M Tris-buffered saline pH 7.4, containing 0.1% Tween-20 (TBS-T). Rabbit anti-CD21
(1:400 in TBS-T) (Santa Cruz) was added to the membrane for 3 h and subsequently incubated with
peroxidase- conjugated anti-rabbit 1gG (1:10,000) (Sigma) for 1 h. After each antibody incubation,
the membranes were washed 3 times with TBS-T for 10 min. Immunoreactive protein was detected
using the enhanced chemiluminescence (ECL) system according to the manufacturer’s instructions

(Amersham Biosciences, UK).

RT-PCR detection of CD21 mRNA expression by CD3" and CD3" cells

Total cellular RNA was extracted from cultured CD3" and CD3" lymphocytes, Raji, and Molt4 cell
lines using RNeasy mini kit (QIAGEN), according to the manufacturer’s protocol. Total RNA (1ug)
was reverse transcribed using SuperscriptTM Il and random oligo (dT) primers in a total volume of
20 pl as recommended by the manufacturer (Invitrogen). The cDNA of each sample was amplified
using the following primers: 21S2761: 5’-GGAACCTGGAGCCAACCTGCC-3’ and 21R3360:
5’-CTGGGCTCCCATCTTTAC-3’. PCR amplification was performed in a 25 pl of total volume
containing 2l cDNA, 0.4 units Taqg polymerase, 2.5 ul of 10XPCR buffer containing 25 mM
MgCl,, 2.5 ul of 2 mM dNTP, 20 pmol of sense and antisense primers, and water. The PCR
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reaction was amplified with initial denaturation at 95°C for 5 min, followed by 35cycles of 1 min
denaturation at 95°C, 1 min annealing at 57°C and 1 min extension at 72°C, with a final extension
of 10 min at 72°C. The PCR products were run on a 1.5% agarose gel and stained with ethidium

bromide for size verification.

RESULTS

CD21 mRNA expression

Cell cultures of CD3" cells and CD3" cells from the peripheral blood of 10 patients with
PTPD and PTCL were evaluated for the presence of CD21 mRNA by the RT-PCR analysis. Five
of 10 samples of each CD3" cells and CD3" cells showed the expression of CD21 mRNA. Four
patients showed the expression on both CD3" and CD3" cells, and 4 patients did not showed any

expression on both CD3" and CD3" cells.

Shedding of Soluble CD21 (sCD21)

Supernatants of the cell culture of CD3" and CD3" cells from three patients with CD21
MRNA expression, plasma samples of the other 3 PTPD and PTCL patients, and a supernatant from
Raji cell culture were evaluated for the presence of soluble CD21 (sCD21) by the Western blot
analysis. All of these 10 tested sample showed the presence of SCD21 in the supernatant/plasma
sample with the molecular weight of 130-140 kDa. Soluble CD21 from the ELISA KIT (Abcam,
Cambridge, United Kingdom) was used as a control and resulted in the same molecular weight

product.

DISCUSSION

Our study has shown that half of the peripheral blood lymphocytes (CD3" cells and CD3
cells) in PTPD and PTCL patients expressed CD21 mRNA. The CD21 mRNA positive samples
also showed the sCD21 in the supernatant of cell cultures. This confirms that peripheral blood T-
cell of the PTPD and PTCL patients have CD21 molecule on the cell surface and have ability to
shed sCD21. This finding was different from a previous report that in the healthy individuals,
peripheral blood T-cells expressed CD21 mRNA and did not express detectable amounts of CD21

molecule on their cell surface (13). Fischer E et al (12) found that, 30 to 40 per cent of normal
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peripheral blood T-cells expressed CD21 molecules on their cell surface, and the intensity is
approximately 10-fold lower than peripheral blood B-cells.

From the above findings, we conclude that peripheral blood T-cell of PTPD and PTCL
patients express considerable amounts of CD21 molecules on the cell surface, and is much more
than the peripheral blood T-cells from healthy individuals. We believe that over expression of
CD21 molecules on the cell surface of peripheral blood T-cells causes EBV infection to those T-
cells and contribute to the pathogenesis of PTPD and PTCL.
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1. Epstein-Barr virus-associated nodal malignant lymphoma in Thailand
2. Epstein-Barr virus-associated extranodal non-Hodgkin’s lymphoma of the sinonasal tract and

nasopharynx in Thailand.
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