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ORIGINAL ARTICLE
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B lymphocytes with TRAbs on their surface
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Abstract

Epstein–Barr virus (EBV) is a ubiquitous virus that infects most adults latently. It persists in B
lymphocytes and reactivates occasionally. Graves’ disease is an autoimmune hyperthyroidism
caused by thyrotropin receptor antibodies (TRAbs). We have reported that Graves’ disease
patients and healthy controls have EBV-infected lymphocytes that have TRAbs on their surface
(TRAb(+)EBV(+) cells) in peripheral blood mononuclear cells (PBMCs). EBV reactivation is known
to be associated with plasma cell differentiation and antibody production of B cells. In this
study, we investigated whether TRAb(+)EBV(+) cells really produce TRAbs or not when
persistent EBV is reactivated. We cultured PBMCs from 12 Graves’ disease patients and 12
healthy controls for several days with cyclosporine A to expand the EBV-infected cell
population, and then compared TRAb levels between EBV reactivation by 33 �C culture and EBV
nonreactivation by 37 �C culture of PBMCs.
Flow cytometry confirmed that all samples at day 0 (reactivation starting point) contained
TRAb(+)EBV(+) cells. During 33 �C culture, EBV-reactivated cells with EBV-gp350/220 expression
increased from about 1 to 4%. We quantified TRAb levels in culture fluids by radio-receptor
assay, and detected an increased concentration for at least one sampling point at 33 �C (from
days 0 to 12) for all patients and healthy controls. TRAb levels were significantly higher in
supernatants of 33 �C culture than of 37 �C culture, and also significantly higher in supernatants
from patients than those from controls. This study revealed TRAb production from
TRAb(+)EBV(+) cells in response to reactivation induction of persistent EBV in different
efficiencies between patients and controls.
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Introduction

Epstein–Barr virus (EBV) is a common latent virus. Many

people experience its primary infection in infancy or child-

hood, and most adults have been infected. EBV persists in

human B cells and replicates simultaneously with the cell

cycle of its host; occasionally, it also reactivates to produce a

lot of viruses [1]. EBV has been suggested to be relevant to

various autoimmune diseases including rheumatoid arthritis,

multiple sclerosis and systemic lupus erythematosus [2].

Thyrotropin receptor antibodies (TRAbs) are heteroge-

neous autoantibodies against the thyrotropin (thyroid stimu-

lating hormone, TSH) receptor on thyroid follicular cells; they

block TSH binding to the TSH receptor and stimulate

follicular cells to produce thyroid hormone excessively in

Graves’ disease [3–5]. Many reports have shown genetic

factors related to the susceptibility to Graves’ disease,

including cytotoxic T-lymphocyte antigen (CTLA)4-poly-

morphism and disease-specific human leukocyte antigen

(HLA) genes [5–7]. However, it is difficult to explain the

entire mechanisms of Graves’ disease by these genetic factors,

so we should consider the effect of environmental factors,

especially viral infection.

On the basis of the clinical observation of Graves’ disease

patients, we hypothesized that in EBV-infected TRAb-

predisposed B cells (TRAb-predisposed B cells, which were

infected by chance with EBV, can produce TRAbs when

they differentiate to plasma cells), the reactivation of

persistent EBV would stimulate the host B cell to increase
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TRAb production, which may cause the development or

exacerbation of Graves’ disease [8]. We have reported that

Graves’ disease patients have EBV-infected B cells that have

TRAbs as the surface globulin (TRAb(+)EBV(+) cells), and

the same cells exist in the peripheral blood of healthy controls

[9]. The terminal differentiation from B cells to plasma cells

has been shown to occur with the reactivation of persistent

EBV [10,11].

In this study, we induced EBV reactivation in periph-

eral blood mononuclear cells (PBMCs) including TRAb(+)

EBV(+) cells, and detected TRAbs in culture supernatants

of sampled PBMCs from all Graves’ disease patients and

healthy controls.

Methods

Subjects

Twelve Graves’ disease patients and 12 healthy controls

participated in this study (Table 1). All subjects provided

written informed consent for participation in the study, and

the study protocol was approved by the Medical Ethics

Committee for Human Subject Research at the Faculty of

Medicine, Tottori University, Yonago, Japan.

The mean ages (±SD) of the Graves’ disease patients and

healthy controls were 42.00 ± 8.35 and 31.17 ± 11.22 years,

respectively.

At the time of diagnosis, the patients had symptoms and

laboratory data that included at least one of the following: (1)

signs of thyrotoxicosis such as tachycardia, weight loss, finger

tremor and sweating; (2) diffuse enlargement of the thyroid

gland and (3) exophthalmos and/or specific ophthalmopathy.

All of the patients also met the following criteria: (1) elevated

serum levels of free T4 and/or free T3; (2) suppression of

serum TSH (50.1 lU/ml) and (3) positivity for TRAbs or

thyroid-stimulating antibody.

Nine of the 12 patients were undergoing treatment with

antithyroid drugs (methimazole or propylthiouracil), one of

the patients (No. 10) had undergone radioiodine treatment and

two of the patients (Nos. 4 and 8) were in remission.

Control subjects were selected from healthy laboratory

staff. Their thyroid functions were normal and they had no

family history of thyroid disease.

PBMC preparation and positive control cells

Peripheral blood samples were obtained from 12 Graves’

disease patients and 12 healthy controls. PBMCs were

separated using a Ficoll–Conray density gradient and stored

at �80 �C until use.

We used P3HR-1 cells as a positive control for 72A1

fluorostain. P3HR-1 is an EBV-infected Burkitt’s lymphoma

cell line.

PBMC culture

PBMCs were cultured for several days in RPMI1640 with

0.1 lg/ml cyclosporin A at 37 �C, as described in our previous

Table 1. Clinical and flow cytometric profiles.

EBER1(+) cells%
72A1 (anti-gp350/220)(+)

cells%
TRAb(+) 72A1(+)

cells%

Age Sex Treatment/day
Serum TRAbs

titer (U/l) Day 0 Day 12 Day 0 Day 12 Day 0 Day 12

Patients 1 35 F PTU 2Tablets 2.7 45.40 92.90 0.59 9.47 0.06 5.91
2 58 F MMI 1Tablet + 50 lg 5.62 59.18 93.88 0.40 0.67 0.05 0.06
3 48 F PTU 3Tablets 4.2 79.07 95.71 0.31 3.06 0.04 3.06
4 44 F – 0.8 72.48 93.20 0.30 1.75 0.01 0.58
5 47 F MMI 2Tablets 10.3 84.36 95.21 0.87 3.34 0.03 0.19
6 31 F PTU 2Tablets 1.8 89.08 94.25 1.03 7.45 0.06 1.60
7 31 F PTU 2Tablets 4.99 86.87 94.78 1.67 2.71 0.14 0.25
8 38 F – 1.03 91.12 83.92 1.36 4.92 0.11 1.00
9 51 F MMI 2Tablets 20.18 86.02 92.07 2.25 1.27 0.20 0.20

10 37 F LT4 25mg 1.11 92.44 97.85 0.94 4.10 0.05 0.32
11 46 F MMI 1Tablet 1.45 90.18 95.01 0.31 7.74 0.05 0.68
12 38 F PTU 3Tablets 6.8 90.23 89.07 0.21 0.81 0.02 0.12

Mean 42.00 80.54 93.15 0.85 3.94 0.07 1.16

Controls 1 23 M NT 86.06 89.46 2.27 5.13 0.23 0.77
2 24 M NT 77.32 92.24 1.42 4.14 0.07 0.52
3 23 M NT 75.50 93.50 1.31 3.21 0.24 2.85
4 24 M NT 91.44 86.60 0.98 7.68 0.13 3.27
5 34 M NT 98.05 97.98 0.34 1.08 0.14 0.16
6 51 F NT 88.95 95.62 1.87 2.50 0.34 0.32
7 56 M NT 74.60 96.95 0.53 0.95 0.07 0.13
8 31 M NT 93.56 97.27 2.10 0.96 0.31 0.04
9 31 M NT NT 89.48 NT 1.62 NT 0.09

10 21 F NT NT 93.96 NT 6.33 NT 0.52
11 26 F NT 96.14 88.92 2.11 3.92 0.09 0.25
12 30 M NT 97.83 98.40 1.18 9.69 0.15 0.53

Mean 31.17 87.95 93.37 1.41 3.93 0.18 0.79

NT, not tested; MMI, methimazole; PTU, propylthiouracil; LT4, levothyroxine; TRAbs, thyrotropin receptor antibodies; EBER1, EBV-encoded small
RNA1.
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report [9]. Lymphocytes cannot usually be maintained without

sufficient growth factors; in particular, EBV-infected (EBV(+))

B cells die easily because of T-cell cytotoxic functions.

However, as cyclosporine A inhibits T-cell function (see

discussion), EBV(+) cells are able to survive and multiply [1].

The frequency of EBV(+) cells in peripheral blood is too

low for flow cytometric analysis, but during culture, the

population of EBV(�) lymphocytes decreases, and only

EBV(+) B cells expand.

Sampling protocol

The cultured PBMCs were introduced to conditions of 33 �C
to induce EBV reactivation [13–15], which was regarded as

day 0. Every 5 days, half of the culture fluid was collected and

replaced by fresh medium.

Some of the same cells were maintained under culture at

37 �C, and we sampled the culture fluid by the same protocol

as for the 33 �C culture.

We collected cells cultured at 33 �C on days 0 and 12, and

fixed them using 2% paraformaldehyde for flow cytometry

(FCM).

FCM analysis

Collected and fixed PBMCs were washed with PBS, and their

surface TRAbs were fluorostained as per our previous report

[8]. In brief, the PBMCs were incubated with 0.1 lg/106 cells of

full-length recombinant human TSHR (Abnova, Taipei,

Taiwan) for 30 min at 4 �C. After incubation, the cells were

washed and incubated with 1 lg/106 cells of biotinylated goat

anti-TSHR IgG (Santa Cruz Biotechnology, Santa Cruz,

CA) for 30 min at 4 �C. The cells were again washed and

then incubated with 0.5 lg/106 cells of allophycocyanin

(APC)–streptavidin (Beckman Coulter, Fullerton, CA) for

30 min at 4 �C.

We utilized the procedure of flow cytometric in situ

hybridization of EBV-encoded small RNA1 (EBER1) to

detect EBV(+) cells, as per a previous report [16]. In brief,

fixed PBMCs were permeabilized in 50 ll of 0.5% Tween20/

PBS at room temperature. The cells were resuspended in 45 ll

of hybridization solution containing 12 nmol/l EBER1

peptide nucleic acid probe (Dako, Glostrup, Denmark). The

probe had been labeled with fluorescein isocyanate (FITC).

Hybridization was performed for 1 h at 56 �C. The cells were

then washed twice with 0.5% Tween20/PBS at 56 �C. The

Alexa Fluor� 488 Signal Amplification Kit (Molecular

Probes, Eugene, OR) was used to enhance fluorescence.

We used a mouse monoclonal antibody called 72A1 to

detect EBV-reactivated cells [15,17]. 72A1 is an antibody

against gp350/220, a late protein of EBV reactivation.

PBMCs were incubated with 3 ll/106 cells of 72A1 mouse

anti-EBV monoclonal antibody (Millipore, Temecula, CA) for

30 min at 4 �C. After incubation, the cells were washed and

incubated with 1 lg/106 cells of goat anti-mouse IgG H&L

(Alexa Fluor� 488, Abcam, Cambridge, UK).

Fluorostained samples were analyzed and sorted with a flow

cytometer (MoFlo XDP; Beckman Coulter, Fullerton, CA).

Confocal laser microscopy

TRAb(+) 72A1(+) cells were sorted on silane-coated glass

slides and examined by confocal laser microscopy (TCS SP-2;

Leica, Wetzlar, Germany). 40,6-Diamidino-2-phenylindole

(DAPI: Molecular Probes/Invitrogen, Eugene, OR) was used

as a nuclear marker.

We confirmed that TRAbs were represented as the red

spots of APC, and non-specific binding showed diffuse dim

fluorescence. These findings were shown in our previous

paper [9].

Determination of TRAb concentration

We quantified the TRAb concentration in culture fluids by

radio-receptor assay according to the manufacturer’s instruc-

tions (DYNOtest TRAb Human; Yamasa Corporation,

Choshi, Japan), and then calculated the change over 5 days,

and for the last term, over 2 days.

Statistical analysis

Statistical analysis was performed using SPSS Statistics

21 (IBM, Armonk, NY). We adopted the Mann–Whitney

test for comparison between patients and controls. The

Wilcoxon test was used for comparison between cultures

at 33 and 37 �C.

Results

Increased frequencies of EBV-reactivated cells during
culture at 33 �C

The frequencies of EBV-infected cells represented

by EBER1(+) cells were 80.54% in patients and 87.95% in

controls at day 0, and 93.15% in patients and 93.37% in

controls at day 12 (Table 1).

The frequencies of 72A1 (anti-gp350/220) (+) cells in the

same samples were 0.81% in patients and 1.31% in controls at

day 0, and 3.94% in patients and 3.93% in controls at day 12;

thus, the frequency of EBV-reactivated cells increased during

33 �C culture (Table 1, Figure 1).

We detected TRAb(+) 72A1 (anti-gp350/220) (+) cells

at 0.07% in patients and 0.18% in controls at day 0, and

1.16% in patients and 0.79% in controls at day 12 (Table 1,

Figure 2).

TRAbs(+) 72A1(+) cells have characteristics of
antibody-producing cells

Observation of sorted TRAb(+) 72A1(+) double-positive

cells by confocal laser microscopy revealed the presence of

red spots of APC representing TRAbs inside the cells

(Figure 2). Mature B cells have immunoglobulins on their

surface, but during their development toward antibody-

producing cells, the immunoglobulins are expressed in the

cytoplasm, which corresponds to our findings.

TRAb(+) 72A1(+) cells had abundant cytoplasm and the

cell nuclei represented by blue DAPI were not round and had

irregular edges.

Patchy and granular green signals of Alexa Fluor488

representing 72A1 were seen inside or on the surface of the

cells in this experiment (Figure 2) and in 33 �C-reactivated

P3HR-1 cells as a positive control (Supplementary Figure 1).

P3HR-1 is an EBV-infected B-cell line.
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Culture at 33 �C stimulated TRAb secretion from
PBMCs including TRAb(+)EBV(+) cells

We quantified TRAbs in the culture fluids by radio-receptor

assay and calculated the increase from half of the concentra-

tion at one point before the sampling term to the concentra-

tion of the day, which was regarded as delta (D) (Figure 3).

We observed an increase of TRAb concentration (positive

D) for at least one sampling point (from days 0 to 12) in every

sample cultured at 33 �C (Table 2). In contrast to the 33 �C
culture, no TRAbs were detected in two controls in 37 �C
culture (control 4 and control 5) during the observation period.

We compared the sum of D of each sample between 33 and

37 �C (Figure 4).

The sums of D0–D12 (D0 +D5 +D10 +D12) at 33 �C
were significantly higher (p50.001) than those at 37 �C.

The TRAb levels at day 0 are influenced by the conditions

of pre-culture rather than 33 �C culture because we transferred

the PBMCs from pre-culture to 33 �C culture at day 0. Thus,

we excluded D0 and compared the sums of D5–D12

(D5 +D10 +D12); the sums of D5–D12 at 33 �C were still

significantly higher (p50.001) than those at 37 �C.

When we compared the sums of D10–D12 (D10 +D12) for

confirmation, those at 33 �C were significantly higher

(p50.05) than those at 37 �C; thus, we considered that

33 �C culture had stimulated the secretion of TRAbs.

Total TRAb release by patient PBMCs was greater than
by control PBMCs

Figure 5 shows representative courses of the TRAb concen-

tration of three PBMCs from patients (B) and of three PBMCs

from controls (A) in 33 �C culture.

In order to evaluate the total TRAbs secreted by PBMCs

after preculture, we compared the sums of D0–D12 (D0 +

D5 +D10 +D12) at 33 �C between patients and controls;

those of patients were significantly higher (p50.05) than

those of controls (Figure 6).

PBMCs from patients showed greater reactive TRAb
release than control PBMCs

The TRAb secretion at day 0 observed in 10 patients and 5

controls was supposed to be influenced by preculture. We

compared the TRAb levels at day 0 (¼D0) between patients

and controls, and those of patients were significantly higher

(p50.05) (Figure 7).

Discussion

We induced EBV reactivation in PBMCs including

TRAb(+)EBV(+) cells, under the hypothesis that, in EBV-

infected TRAb-predisposed B cells, the reactivation of

persistent EBV would stimulate the host B cells to increase

Figure 1. Frequencies of EBV-reactivated cells increased during 33 �C culture. Precultured PBMCs were further cultured at 33 �C from days 0 to 12 for
EBV reactivation. The cells were collected at days 0 and 12 and analyzed by flow cytometry. We used anti-EBV-gp350/220 antibody called 72A1 and
Alexa Fluor488 to detect EBV-reactivated cells. TRAb-positive cells were shown by APC. Compared with day 0, the frequencies of 72A1(+) cells
increased at day 12, in both patients and controls.
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the production of TRAbs, which may cause the development

or exacerbation of Graves’ disease [8,9]. We detected TRAbs

in 33 �C culture fluids of every sample of PBMCs from

Graves’ disease patients and healthy controls.

We used the culture at 33 �C to induce EBV reactivation

[13–15], although the most common inducer is phorbol ester.

Reactivation by culture at 33 �C is not efficient, but is likely

to be physiological because no chemicals are required.

Furthermore, it is suitable for preparing samples for flow

cytometric analyses because the injury of the cellular

membrane is considered to be minimal until the cells

become lytic and we can avoid non-specific binding of

fluorochromes.

In these flow cytometric analyses, we used the antibody

called 72A1 against EBV gp350/220, a late antigen of EBV

reactivation [15,17]. EBV gp350/220 is a viral glycoprotein,

but the plasma membrane as well as the virus envelope is rich

in it because the virus acquires its envelope at the plasma

membrane [1]. Therefore, 72A1 antibody is available for the

staining of EBV-reactivated cells. We can consider 72A1(+)

cells to be in the late phase of EBV reactivation.

In this way, we induced EBV reactivation in PBMCs, and

detected approximately 4% of sample cells from both patients

and controls that were 72A1-positive at day 12, considered to

be in the late phase of EBV reactivation (Table 1).

The comparison with cells cultured at 37 �C showed that

the induction of EBV reactivation by culture at 33 �C could

stimulate TRAb production more efficiently (Figure 4).

Observation through a confocal laser microscope revealed

the green signal of 72A1 on the surface and inside of the cells

(Figure 2). In our previous study [9], red spots of APC

representing TRAbs were observed on the cell surface and

somewhat in projections from the surface, but in the TRAb(+)

72A1(+) cells shown in Figure 2, they were seen inside the

cells. Immunoglobulins were not expressed on the cell surface

Figure 2. TRAb(+) 72A1(+) cells had char-
acteristics of antibody-producing cells.
TRAb(+) 72A1(+) cells were sorted and
observed through a confocal laser micro-
scope. Red spots of APC representing TRAbs
were observed inside the cells, and green
signals of Alexa Fluor488 representing 72A1
were detected inside or on the surface of the
cells. The cytoplasm was abundant, and the
nucleus was slightly deformed.

0.50

1.00

0
day 0 day 5 day 10 day 12 Timeday -2

Pt No. 2

delta5

delta10

delta12
day 0=delta0TR

A
bs

 (I
U

/L
)

Figure 3. Schedule of culture fluid sampling and definition of delta (D).
We transferred 37 �C precultured PBMCs to 33 �C at day 0. On days 0, 5,
10 and 12, we collected half of each culture fluid and replaced it with
fresh medium. Upon this change of half of the medium, the TRAb
concentration of the culture fluid was halved. We calculated the increase
of TRAb concentration from half of that at one term before the sampling
day, which we regarded as delta (D).
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when B cells differentiate to antibody-producing cells and the

immunoglobulins remain inside.

Therefore, the sorted TRAb(+) 72A1(+) cells were thought

to be antibody-producing cells with abundant cytoplasm,

slightly deformed nuclei and TRAb spots inside. The staining

of intracellular globulins usually requires a permeabilizing

process of the cellular membrane, but the membrane of EBV-

reactivated cells in the late phase becomes lytic [1,18], so

fluorochromes can enter and stain the TRAbs inside.

We could detect TRAb protein in 33 �C culture fluids of

PBMCs including the TRAb(+) 72A1(+) cells, which

suggested that TRAb production and EBV reactivation

occurred simultaneously. These observations are consistent

with reports describing that terminal differentiation into

plasma cells occurs with EBV reactivation [10,11]. We could

not obtain sufficient PBMCs to investigate antibody produc-

tion exclusively from 72A1(+) cells, or TRAb(+) 72A1(+)

cells. Thus, in our next study, we are going to investigate this

in detail using more cells.

The total amount of TRAbs detected during 33 �C culture

was significantly higher (p50.05) in patients than in controls

(Figure 6).

Table 2. (A) TRAb levels in 33 �C culture fluid (IU/l) and (B) TRAb levels in 37 �C culture fluid (IU/l).

Day 0 Delta 0 Day 5 Delta 5 Day 10 Delta 10 Day 12 Delta 12

(A)
Patients 1 0.692 0.692 0 �0.346 0.062 0.062 0 �0.031

2 0.784 0.784 0.214 �0.178 0.485 0.378 0.758 0.515
3 0.413 0.413 0.33 0.123 0 �0.165 0 0
4 0.232 0.232 0.23 0.114 0 �0.115 0.111 0.111
5 0 0 0.424 0.424 0 �0.212 0.171 0.171
6 0.543 0.543 0.2 �0.072 0.881 0.781 0 �0.441
7 0.032 0.032 0.701 0.685 0.259 �0.092 0.336 0.206
8 1.474 1.474 0.02 �0.717 0.264 0.254 0.289 0.157
9 0.407 0.407 0.114 �0.09 0.145 0.088 0.259 0.186

10 0 0 0.155 0.155 0.028 �0.05 0.921 0.907
11 0.123 0.123 0.113 0.051 0.027 �0.03 0.367 0.353
12 0.706 0.706 0 �0.353 0.911 0.911 0.081 �0.375

Controls 1 0 0 0 0 0.14 0.14 0.287 0.217
2 0.179 0.179 0.241 0.151 0 �0.121 0 0
3 0 0 0.014 0.014 0 �0.007 0.087 0.087
4 0 0 0.272 0.272 0.348 0.212 0.08 �0.094
5 0 0 0.005 0.005 0.031 0.028 0 �0.016
6 0.003 0.003 0.449 0.447 0 �0.225 0.067 0.067
7 0.633 0.633 0 �0.317 0.239 0.239 0.019 �0.101
8 0.21 0.21 0 �0.105 0.061 0.061 0.174 0.143
9 0 0 0.297 0.297 0.231 0.082 0.919 0.803

10 0.256 0.256 0 �0.128 0.26 0.26 0.423 0.293
11 0 0 0.163 0.163 0.84 0.758 0.473 0.053
12 0 0 0.653 0.653 0 �0.327 0.23 0.23

(B)
Patients 1 0.252 0.252 0 �0.126 0 0 0 0

2 0.413 0.413 0.515 0.308 0 �0.258 0 0
3 NT NT NT NT NT NT NT NT
4 NT NT NT NT NT NT NT NT
5 0 0 0 0 0.15 0.15 0 �0.075
6 0.029 0.029 0.024 0.009 0 �0.012 0 0
7 0.293 0.293 0 �0.147 0 0 0 0
8 0 0 0.373 0.373 0 �0.187 0 0
9 0 0 0.249 0.249 0 �0.125 0.509 0.509

10 0.01 0.01 0 �0.005 0 0 0.236 0.236
11 0 0 0 0 0 0 0.178 0.178
12 0 0 0 0 0 0 1.087 1.087

Controls 1 0 0 0.498 0.498 0 �0.249 0 0
2 0.419 0.419 0 �0.21 0.172 0.172 0 �0.086
3 0 0 0.393 0.393 0 �0.197 0.109 0.109
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
6 0.394 0.394 0 �0.197 0 0 0 0
7 0 0 0.408 0.408 0 �0.204 0 0
8 0.017 0.017 0.143 0.134 0 �0.072 0 0
9 NT NT NT NT NT NT NT NT

10 0 0 0 0 0 0 0.005 0.005
11 0 0 0 0 0 0 0.339 0.339
12 0.165 0.165 0 �0.083 0 0 0.274 0.274

NT, not tested.
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We found TRAb secretion already at day 0, and considered

the influence of cyclosporin A used in preculture. TRAb

secretion at day 0 was observed in 10 patients and 5 controls,

and the levels of TRAbs were significantly higher (p50.05)

in patients than in controls (Table 2, Figure 7). These results

show that PBMCs from patients secreted more TRAbs than

those from controls in response to 33 �C culture or cyclo-

sporin A, and suggest that PBMCs from patients are more

sensitive to the stimulation of cyclosporin A as well as EBV

reactivation by 33 �C culture than those from controls.

Cyclosporin A inhibits calcineurin, which is important in

T-cell signal transduction [19,20] and thus is commonly used

in B-lymphocyte culture in order to inhibit cytotoxicity from

T cells [12].

However, B cells are not always naive to cyclosporine A,

and its stimulatory effect for EBV-induced cell transformation

has been reported [21]. Cyclosporin A has also been reported

to block the EBV activation induced by immunoglobulin

cross-linking [22]. Although it requires more investigation,

EBV reactivation at day 0 in our study suggests the influence

of cyclosporine A to reactivate EBV.

While we previously reported the presence of

TRAb(+)EBV(+) cells in PBMCs from Graves’ disease

patients and healthy controls, this study revealed that EBV

reactivation by 33 �C culture of the precultured PBMCs

including TRAb(+)EBV(+) cells induced TRAb release in

culture fluids of PBMCs from Graves’ disease patients and

healthy controls.
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Figure 5. Representative courses of the TRAb concentration changes by EBV-reactivation induction in 33 �C culture fluids of three patient PBMCs and
three control PBMCs. (a) Controls and (b) patients.

Figure 6. Difference of TRAb levels released from 33 �C PBMC culture
(EBV-reactivation induction) between patients and controls. The sums of
D0–D12 (D0 +D5 +D10 +D12) of TRAb concentration were signifi-
cantly higher in patients than in controls (p50.05).
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Figure 4. TRAbs released from PBMCs cultured at 33 �C (EBV
reactivation) and 37 �C (no induction of EBV reactivation). We
compared the sum of D of the TRAb concentration in culture fluids at
33 and 37 �C. In three analyses of D0–D12 (D0 +D5 +D10 +D12),
D5–D12 (D5 +D10 +D12) and D10–D12 (D10 +D12), the sums of D of
TRAb concentration at 33 �C were significantly higher than those at
37 �C.
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These results support our hypothesis that the reactivation

of persistent EBV in TRAb(+)EBV(+) cells would stimulate

the host B cells to increase the production of TRAbs, and may

cause the development or exacerbation of Graves’ disease.
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Supplementary Figure 1.

Figure 7. TRAb release in PBMC culture for patients and controls at
day 0 (preinduction stage of EBV reactivation). The TRAb secretion at
day 0 was supposed to be influenced by preculture, especially the added
cyclosporine A. We compared the TRAb concentrations at day 0, and the
concentration in patients was significantly higher (p50.05) than in
controls.
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