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ABSTRACT
Graves’ disease occurs predominantly in women. 
Epstein-Barr virus (EBV) mainly persists in human B 
lymphocytes, and its reactivation stimulates antibody 
production. We previously suggested that the EBV 
reactivation-induced production of TRAb and IgM at 
100 nM estradiol (pregnant level) was lower than that at 
0 nM estradiol and that class switch recombination may 
be increased by estradiol. In this study, we examined the 
effect of estradiol on EBV reactivation. We identified the 
expression of EBV-glycoprotein 350/220 (gp350/220) in 
the late phase of reactivation and plasma cell differentia-
tion of EBV-infected cells using 72A1 antibody and 
CD138 antibody, respectively. We found the mean ratio 
of gp 350/220(+) CD138(+) cells at 100 nM estradiol was 
higher than that at 0 nM estradiol. These results suggest-
ed that EBV-infected cells could survive with keeping 
the ability of antibody production in 100 nM estradiol, 
which is consistent with the improvement of Graves’ 
disease during maternity and exacerbation postpartum.
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Most autoimmune diseases predominantly occur in 
women and are influenced by various factors.1–5 Graves’ 
disease, an autoimmune hyperthyroidism, often goes 
into remission during pregnancy and becomes aggravat-
ed after delivery.6, 7 Estrogen regulates menstrual cycle 
and maternity and can stimulate antibody production 
from B cells.5, 8 Estradiol is the most potent estrogen.

Graves’ disease is caused by thyrotropin receptor 
antibody (TRAb), which overstimulates the thyroid-
stimulating hormone receptor. Nagata et al. reported 
that Graves’ disease patients and healthy controls have 
Epstein-Barr virus (EBV)-infected lymphocytes with 
TRAb on their surface in human peripheral blood mono-
nuclear cells (PBMCs); these PBMCs produce TRAb and 
the plasma cell population increases in response to reac-
tivation of EBV in vitro.9–11 In this study, we confirmed 
the presence of cells that were EBV-reactivated and 
plasma cell differentiated in healthy controls and Graves’ 
disease patients, and examined the effect of estradiol 
on the ratio of these cells. We discussed the effects of 
pregnancy level of estradiol on EBV reactivation.

MATERIALS AND METHODS
Subjects
PBMC samples were obtained from 3 healthy controls 
and 4 Graves’ disease patients diagnosed according to 
the guidelines of the Japan Thyroid Association (Table 
1). All subjects provided written informed consent, and 
the study protocol was approved by the Medical Ethics 
Committee for Human Subject Research (No. 707, 707-
1-13) at Faculty of Medicine, Tottori University, Yonago, 
Japan. The mean ages (± SD) of healthy controls and 
Graves’ disease patients were 35.3 (± 19.85) years and 
36.0 (± 4.24) years, respectively. One of the controls and 
all patients were female. Thyroid functions of the pa-
tients in Table 1 are clinical data. The levels of thyroid 
stimulating hormone (TSH), free thyroxine (FT4), and 
TRAb were measured by electro chemiluminescence 
immunoassay (ECLIA) (0.54–4.54 μIU/mL), ECLIA 
(0.97–1.72 ng/dL), and radio receptor assay (DYNOtest 
TRAb Human; Yamasa Corporation, Choshi, Japan) 
(1.0 IU/L >), respectively (normal range). Three patients 
were receiving treatment with antithyroid drugs (propyl-
thiouracil). Control subjects were enrolled voluntarily, 
their thyroid functions were normal, and they had no 
family history of thyroid disease.
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PBMC preparation
Peripheral blood samples were obtained from Graves’ 
disease patients and healthy controls. PBMCs were 
separated using a Ficoll-Conray density gradient and 
stored at –80 °C until use.

Estradiol
17β-estradiol (Sigma-Aldrich, Saint Louis, MO) was 
dissolved in ethanol to prepare a 1 mg/mL stock solu-
tion and stored at 4 °C until use. Estradiol was added to 
the medium and maintained at 0 nM, 1 nM, or 100 nM, 
which corresponds to control, mid-luteal, or pregnancy 
levels, respectively.

Sampling protocol
PBMCs were cultured at 37 °C for 2 days in RPMI 
1640/10% FBS with cyclosporine A (0.1 μg/mL) to 
inhibit T cell effects. PBMCs were transferred to an 
incubator at 33 °C to induce EBV reactivation and were 
regarded as day 0 samples. On days 0, 5, 10, and 12, half 
of the culture supernatant was sampled and replaced by 
fresh medium with estradiol, and the estradiol concen-
tration was maintained at 0 nM, 1 nM, or 100 nM.

Flowcytometry (FCM) and confocal laser scanning 
microscopy (CLSM)
On day 12 after EBV reactivation induction, the collect-
ed PBMCs of 3 healthy controls (No. 1–3) and 4 Graves’ 
disease patients (No. 4–7) were fixed by 2% parafor-
maldehyde and stored at 4 °C until use. We confirmed 
expression of EBV glycoprotein 350/220 (gp350/220) 
with anti-gp350/220 antibodies (72A1) and plasma cells 
with CD138 antibodies by FCM (No. 1–3 controls and 
No. 4–6 patients) and CLSM (No. 7 patient). gp350/220 

binds to CD21/CR2 on the B cell surface. gp350/220 is 
a late phase protein of EBV reactivation and is also de-
tected on the host cell membrane. We used the primary 
mouse monoclonal antibody 72A1 (Millipore, Billenca, 
MA) to detect gp350/220 and goat anti-mouse IgG 
H&L (Alexa Fluor 488) (Abcam, Cambridge, Britain) 
as a secondary antibody. Differentiation to plasma cells 
was detected by adding anti-human CD138 mouse IgG-
Alexa Fluor 647 conjugated (AbD Serotec, Raleigh, 
NC). FCM analysis was performed using a Gallios ana-
lyzer (Beckman Coulter, Fullerton, CA). Gp350/220(+) 
CD138(+) cells were sorted with the cell sorter MoFlo 
XDP (Beckman Coulter) and examined by CLSM with 
TCS SP-2 (Leica, Wetzlar, Germany).

Statistical analysis
We adopted one-way ANOVA (SPSS statistics, IBM, 
Armonk, NY) to analyze the variation of the mean ratio 
of gp350/220(+) CD138(+) cell percentages.

RESULTS
Culture cells on day 12 after EBV reactivation con-
tained gp350/220(+) CD138(+) double-positive cells
We detected gp350/220(+) CD138(+) double-positive 
cells in PBMCs of healthy controls (No. 1–3) and 
patients (No. 4–6) by FCM (Fig. 1). No. 2 and No. 3 are 
additional male subjects for FCM. The flowcytometer 
displays the cell percentages as the relative number 
against the lymphocyte population. To compare the ef-
fects of different estradiol concentrations, we examined 
the ratios of cell percentages at each estradiol concentra-
tion to that at 0 nM estradiol. In healthy controls and pa-
tients, the ratio of gp35/220(+) CD138(+) double-positive 
cells in culture with 100 nM estradiol was larger than 

Table 1. Subject profiles

No. Sex Age 
(years)

Treatment  
(for 1 day)

TSH  
(μIU/L)

FT4  
(ng/dL)

TRAb  
(IU/L) Allergy

Controls 1 F 27 – nt nt nt –
2 M 58 – nt nt nt –
3 M 21 – nt nt nt –

Mean 35.3
Patients 4 F 30 PTU 100 mg 2.03 1.32 3.3 –
(Graves’ disease) 5 F 39 – 1.75 1.19 6.9 –

6 F 36 PTU 50 mg 1.11 1.18 0.3 > –

7 F 39 PTU 150 mg 4.65 0.96 15.0 bronchial asthma,  
atopic dermatitis

Mean 36.0 2.39 1.16 6.30
F, female; FT4, free thyroxine; M, male; nt, not tested; PTU, propylthiouracil; TRAb, thyrotropin receptor antibody; TSH, thyroid 
stimulating hormone.
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Fig. 1. Detection of gp350/220(+) CD138(+) double-positive cells in culture cells on day 12.
(A) Analysis of the population of gp350/220(+) CD138(+) double-positive cells in culture cells on day 12 by FCM (ratios of cell percent-
age at each estradiol concentration to that at 0 nM estradiol). No. 1–3 are controls, and No. 4–6 are patients. Two controls (No. 2 and 
3) were male subjects for FCM. The bar chart shows the ratio of gp350/220(+) CD138(+) double-positive cells. The line graph showed 
the averages +/− standard error of the ratio of gp350/220(+) CD138(+) double-positive cells of 3 controls and 3 patients. Gp350/220(+) 
CD138(+) double-positive cell population was increased by addition of 100 nM estradiol (P = 0.055 in one-way ANOVA).
(B) Detection of gp350/220(+) CD138(+) double-positive cells in culture cells on day 12 using CLSM. Culture cells of patient No. 7 ex-
pressing gp350/220 in the cytoplasm and cell surface and CD138 on the surface. (a) Alexa Fluor488 (green) representing EBV gp350/220 
was detected overall of the cells. 72A1 is the antibody against gp350/220. (b) Alexa648 (red spots) representing CD138 was observed on 
the surface of the cells. (c) DAPI (blue) represents the cell nucleus. (d) Merge of (a), (b), and (c).
Avg., average; CLSM, confocal laser scanning microscopy; DAPI, 4’, 6-Diamidino-2-phenylindole; FCM, Flowcytometry; Gp350/220, 
glycoprotein 350/220.
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that of cultures with 0 nM or 1 nM estradiol (P = 0.055) 
(Fig. 1A).

We observed gp350/220(+) CD138(+) double-
positive cells by confocal laser microscope, and noted 
red spots of CD138 on cell surfaces and fine green dots 
of 72A1 in the cytoplasm and cell surfaces of patient 
No. 7 (Fig. 1B).

DISCUSSION
We found that the mean ratio of gp350/220(+) CD138(+) 
cells at 100 nM estradiol was higher than that at 0 nM 
estradiol. The result of CLSM indicated the presence 
of EBV-reactivated and plasma cell differentiated cells 
(Fig. 1). However, in our previous study, production of 
TRAb and IgM at 100 nM estradiol is lower than that at 
0 nM estradiol,12 which seems to contradict our current 
data, but we often observed abundant antibodies in 
culture supernatant in plate wells with only a few cells. 
In our previous study (0 nM estradiol), the percentage 
of gp350/220(+) cells or CD138(+) cells increased at day 
12 compared with day 0 of reactivation.10, 11 However, 
in the present study, the ratio of gp350/220(+) CD138(+) 
cells further increased on day 12 in culture with 100 
nM estradiol, which suggests that there were less dead 
cells that had completed releasing antibodies than that 
at 0 nM estradiol. EBV-infected cells may survive with 
keeping the ability of antibody production in 100 nM 
estradiol culture.

EBV-infected cells could survive with keeping the 
ability of antibody production at high concentrations of 
estradiol, which suggests that EBV induces a survival 
signal. For instance, EBV-latent membrane protein 1 ac-
tivates nuclear factor κB and induces the expression of 
anti-apoptotic B-cell lymphoma 2 (Bcl-2). Bcl-2 proteins 
are related to the survival of gp350/220(+) CD138(+) 
cells, and further experiments are needed to confirm 
this possibility.

We found that EBV-reactivated and plasma cell 
differentiated cell percentages increased under high 
estradiol concentrations, which could result in decreas-
ing production of antibodies. If estradiol concentration 
decreased again, cells may produce antibodies. The 
present results and our previous results showing that 
high estradiol concentrations decrease TRAb and IgM 
production are consistent with the clinical observations 
of improvement of Graves’ disease during maternity 
and exacerbation postpartum.6, 12, 13

Acknowledgments: We are grateful to the laboratory staff of the 
Molecular Pathology Division, Tottori University.
This work was supported by JSPS KAKENHI Grant Number 
17K08694 (K.N.).

The authors declare no conflict of interest.

REFERENCES
 1 Ngo ST, Steyn FJ, McCombe PA. Gender differences in 

autoimmune disease. Front Neuroendocrinol. 2014;35:347-69. 
PMID: 24793874, DOI: 10.1016/j.yfrne.2014.04.004

 2 Ortona E, Pierdominici M, Maselli A, Veroni C, Aloisi F, 
Shoenfeld Y. Sex-based differences in autoimmune diseases. 
Ann Ist Super Sanita. 2016;52:205-12. PMID: 27364395

 3 Khan D, Ansar Ahmed S. The Immune System Is a 
Natural Target for Estrogen Action: Opposing Effects of 
Estrogen in Two Prototypical Autoimmune Diseases. Front 
Immunol. 2016;6:635. PMID: 26779182, DOI: 10.3389/
fimmu.2015.00635

 4 Steinberg AD, Melez KA, Raveche ES, Reeves JP, Boegel 
WA, Smathers PA, et al. Approach to the study of the 
role of sex hormones in autoimmunity. Arthritis Rheum. 
1979;22:1170-6. PMID: 508371, DOI: 10.1002/art.1780221103

 5 Straub RH. The complex role of estrogens in inflammation. 
Endocr Rev. 2007;28:521-74. PMID: 17640948, DOI: 10.1210/
er.2007-0001

 6 Amino N, Tada H, Hidaka Y. Postpartum autoimmune 
thyroid syndrome: a model of aggravation of autoimmune 
disease. Thyroid. 1999;9:705-13. PMID: 10447018, DOI: 
10.1089/thy.1999.9.705

 7 Mandel SJ, Larsen PR, Davies TF. Thyrotoxicosis. Williams 
Textbook of Endocrinology, 12th ed. Melmed S, Polonsky 
KS, Larsen PR, Kronenberg HM, editors. Philadelphia: 
Saunders, 2011;362-405.

 8 Kanda N, Tamaki K. Estrogen enhances immunoglobulin 
production by human PBMCs. J Allergy Clin Immunol. 
1999;103:282-8. PMID: 9949320, DOI: 10.1016/S0091-
6749(99)70503-8

 9 Nagata K, Higaki K, Nakayama Y, Miyauchi H, Kiritani Y, 
Kanai K, et al. Presence of Epstein–Barr virus-infected B 
lymphocytes with thyrotropin receptor antibodies on their 
surface in Graves’ disease patients and in healthy individuals. 
Autoimmunity. 2014;47:193-200. PMID: 24467196, DOI: 
10.3109/08916934.2013.879863

 10 Nagata K, Nakayama Y, Higaki K, Ochi M, Kanai K, 
Matsushita M, et al. Reactivation of persistent Epstein–Barr 
virus (EBV) causes secretion of thyrotropin receptor antibod-
ies (TRAbs) in EBV-infected B lymphocytes with TRAbs 
on their surface. Autoimmunity. 2015;48:328-35. PMID: 
25759125, DOI: 10.3109/08916934.2015.1022163

 11 Nagata K, Kumata K, Nakayama Y, Satoh Y, Sugihara H, 
Hara S, et al. Epstein–Barr Virus Lytic Reactivation Acti-
vates B Cells Polyclonally and Induces Activation-Induced 
Cytidine Deaminase Expression: A Mechanism Underlying 
Autoimmunity and Its Contribution to Graves’ Disease. Viral 
Immunol. 2017;30:240-9. PMID: 28333576, DOI: 10.1089/
vim.2016.0179

 12 Hara S, Nagata K, Kumata K, Matsushita M, Kuwamoto 
S, Kato M, et al. Estradiol Affects Epstein–Barr Virus 
Reactivation-Induced Thyrotropin Receptor Antibody and 
Immunoglobulin Production in Graves’ Disease Patients and 
Healthy Controls. Viral Immunol. 2018;31:486-91. PMID: 
30133352, DOI: 10.1089/vim.2018.0032

 13 Pearlstein T, Stone AB. Premenstrual syndrome. Psychiatr 
Clin North Am. 1998;21:577-90. PMID: 9774797, DOI: 
10.1016/S0193-953X(05)70024-1

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24793874?dopt=Abstract
https://doi.org/10.1016/j.yfrne.2014.04.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27364395?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26779182?dopt=Abstract
https://doi.org/10.3389/fimmu.2015.00635
https://doi.org/10.3389/fimmu.2015.00635
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=508371?dopt=Abstract
https://doi.org/10.1002/art.1780221103
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17640948?dopt=Abstract
https://doi.org/10.1210/er.2007-0001
https://doi.org/10.1210/er.2007-0001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10447018?dopt=Abstract
https://doi.org/10.1089/thy.1999.9.705
https://doi.org/10.1089/thy.1999.9.705
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9949320?dopt=Abstract
https://doi.org/10.1016/S0091-6749(99)70503-8
https://doi.org/10.1016/S0091-6749(99)70503-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24467196?dopt=Abstract
https://doi.org/10.3109/08916934.2013.879863
https://doi.org/10.3109/08916934.2013.879863
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25759125?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25759125?dopt=Abstract
https://doi.org/10.3109/08916934.2015.1022163
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28333576?dopt=Abstract
https://doi.org/10.1089/vim.2016.0179
https://doi.org/10.1089/vim.2016.0179
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30133352?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30133352?dopt=Abstract
https://doi.org/10.1089/vim.2018.0032
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9774797?dopt=Abstract
https://doi.org/10.1016/S0193-953X(05)70024-1
https://doi.org/10.1016/S0193-953X(05)70024-1

