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Introduction
Research over the last fifteen years in the non-obese diabetic 

(NOD) mouse and in humans with type 1 diabetes has uncovered a 
therapeutic role of the cytokine tumor necrosis factor (TNF). TNF, 
whether directly administered or indirectly boosted with immune 
adjuvants such as Bacillus Calmette-Guérin [1] or infectious diseases 
[2,3], acts as a novel immunotherapy. The systemic increase of TNF 
results in pancreas regeneration with the recovery of C-peptide [4-6]. 
C-peptide is the protein co-secreted with insulin and a sensitive method 
to measure insulin secretion from the pancreas in the presence of
exogenously administered insulin. The molecular mechanisms behind
TNF action are multi-factorial. First, TNF directly kills autoreactive
T-cells [7]. Second, TNF induces beneficial T-regulatory (Treg) cells,
the cells that dampen the function of autoreactive cytotoxic T-cells [8]. 
Lastly TNF augments spontaneous islet regeneration of the pancreas
[5,9]. In vitro studies of human diabetic T-cells show that brief TNF
exposures selectively kill autoreactive T-cells and induce proliferation
of beneficial CD4 Treg cells [7].

In mammals, high-dose administration of TNF is systemically toxic, 
especially in disease settings where high systemic TNF may already 
exist [10]. An alternative approach is to use safe infectious agents that 
elicit the host to release TNF. This host immune response to infection is 
often referred to as innate immunity. Indeed, the Mycobacterium bovis 
Bacillus Calmette-Guerin (BCG) vaccine induces release of host TNF. 
This avirulent strain of tuberculosis led to the discovery of the host 
cachexia response due to cachectin, which was shown to be identical to 
the cytokine TNF once molecular cloning was complete.

During the conduct of a double-blinded placebo-controlled trial 
administering two doses of BCG for treatment of type 1 diabetes (T1D), 

it was discovered that one placebo control had immune responses that 
mimicked the BCG diabetic responses. The control subject had an acute 
Epstein Barr Virus (EBV) injection. The EBV infection response, albeit 
in one subject, provided evidence that infectious agents other than 
Mycobacterium can activate innate immunity in long-term diabetic 
subjects and beneficially modify the disease course. EBV induces host 
protective TNF secretion as a potent anti-viral cytokine [11], just 
like BCG and a variety of other bacterial and viral infections [12,13]. 
Similar to the BCG treated subjects, the EBV infected subject showed 
the occurrence of dead autoreactive T-cells, induction of Treg cells, 
and a transient increase in pancreatic insulin secretion, monitored by a 
sensitive C-peptide assay [6].

Previous data show that treatment of NOD mice or diabetic 
humans with BCG (or the non-cGMP equivalent Complete Freund’s 
Adjuvant (CFA)) results in a transient increase in dead autoreactive 
T-cells. In the NOD mouse, pancreas-residing autoreactive T-cells are
observed to undergo apoptosis directly on top of the insulin-secreting
islets in the pancreas with TNF, BCG or CFA [14]. In humans, the
impact of TNF on autoreactive T-cells can be monitored by the rapid
release of dead autoreactive T-cells into the circulation [6]. Increased
TNF or TNFR2 agonistic antibodies are known to cause apoptosis of
murine and human diabetic autoreactive T-cells in culture [7].
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Abstract
Tumor necrosis factor (TNF) is a novel immunotherapy for type I diabetes because it selectively kills insulin 

autoreactive T-cells, which enables recovery of insulin production by pancreatic islet cells. The TNF inducer Bacillus 
Calmette-Guerin (BCG) also has therapeutic value by activating innate immunity that beneficially modifies the course 
of type 1 diabetes (T1D) in the same manner as TNF. Epstein Barr Virus (EBV) infection is also an inducer of TNF. 
This observational study was undertaken to determine whether EBV has the same beneficial effects as BCG in a 
recent clinical trial. We describe three cases of long-term diabetic subjects with active mononucleosis that were 
followed for 15 weeks to determine the impact of EBV infection on established T1D. In comparison to non-EBV-
infected long-term diabetics, EBV transiently diminished the autoimmune response in two of three cases. EBV 
infection triggered rapid increase of circulating insulin-B autoreactive T-cells whose striking loss of CD8 marker 
indicated that the cells were injured or apoptotic. EBV infection also caused a transient surge in the secretion of 
C-peptide, a marker for pancreatic insulin secretion. EBV acts like BCG in eliciting innate immunity and beneficially
modifying the course of T1D.
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To understand and characterize further the impact of EBV infection 
on diabetic disease course, we now present three type 1 diabetic subjects 
followed in the clinic at frequent intervals during their new-onset EBV 
infection. We show the impact of an acute EBV infection on established 
type 1 diabetes and on the release of dead or injured T cells.

Materials and Methods
Subjects

Patients with T1D were recruited at the Massachusetts General 
Hospital. We routinely screen diabetic patients to characterize the 
course of disease and to exclude subjects with potentially interfering 
medical conditions. During screening we identified three patients with 
long-term T1D who presented with recent onset of mononucleosis 
as diagnosed by their primary care physicians and confirmed by the 
presence of serum EBV antibodies.  Diabetics without acute EBV 
infection (N=66) were used in this study as a reference population. All 
patient and control blood was drawn into BD VacutainerTM tubes (BD, 
Franklin Lakes, NJ) containing EDTA.

Ethics statement

The study was approved by the Massachusetts General Hospital 
Institutional Review Board (IRB Protocol No. 2001P-001379). Written 
consent was obtained from all blood donors.

Detection of epitope-specific CD8 T-cells

For the detection of specific subpopulations of T-cells with 
restricted antigen specificity, commercially available HLA Class I 
reagents loaded with small peptide fragments were utilized. These 
commercial reagents are commonly referred to as Tetramers (MBL 
International, DesPlaines IL., formerly Beckman Coulter, Fullerton, 
CA) or Dextramers (Immudex, Fairfax, VA). The two T-cell detection 
methods differ in the backbone structures of the detecting reagent 
but not in the binding specificity to autoreactive T-cells. Tetramer or 
dextramer reagents are purchased fluorescently labeled for detection 
of the bound reagent to antigen specific T-cell with a flow cytometer.  

For the studies contained in this paper, two types of antigen-
specific T-cells were detected using tetramers and dextramers loaded 
with peptide sequences from epitopes of EBV or of pancreatic beta 
cells that are known to be recognized by CD8 T cells, i.e., EBV-specific 
(HLA class I loaded peptide; GLCTLVAML) or insulin-B specific 
(HLA class I loaded Insulin-B chain; HLVEALYLV). For background 
fluorescence of T-cells a matched HLA class I structure was loaded with 
an irrelevant peptide. The peptide sequence of this negative control 
is kept proprietary by the companies, but does not occur in nature 
(Beckman Coulter, Immudex).

Isolated CD8 T-cell method

For Subject #1 we isolated CD8 T cells from fresh blood for flow 
cytometry. We used the “Detach-a-Bead” CD8 positive isolation kit 
from Life Technologies (Carlsbad, CA). This kit uses paramagnetic 
beads coated with anti-CD8 antibody [15]. The beads were allowed 
to attach for 1 hr at room temperature under continuous agitation 
on a tumbler. The bead/cell complexes were then immobilized using 
a magnet and any unbound (non-CD8) cells removed by repeated 
washing with HBSS (Hank’s Balanced Salt Solution without calcium 
and magnesium, Invitrogen, Grand Island, NY) containing 2% FBS 
(fetal bovine serum). The beads were then detached from the remaining 
CD8 cells using a Detach-A-Bead reagent supplied in the isolation 

kit. This reagent is a polyclonal antibody directed against the antigen 
recognition site of the CD8 antibody coated on the beads. It detaches 
the antibody/bead complex from the cells by means of competition for 
the CD8 antibody binding site, essentially leaving a virgin cell.

Isolated CD8 T-cells were then labeled with PE (phycoerythrin) 
labeled tetramers or dextramers (20 min, room temperature(RT), in the 
dark) and subsequently with APC-anti-CD8 antibodies (10 minutes at 
RT in the dark; clone SK1, BD Biosciences, San Jose, CA) to determine 
purity of the isolated cell preps. The samples were then fixed with HBSS 
0.1% formaldehyde buffer, washed with HBSS, and re-suspended in 
HBSS/ 0.05% formaldehyde for flow cytometry.

Whole blood method

The whole blood method was used for Subject #2 and #3. Blood 
samples were first washed with 50 volumes of HBSS containing 2% 
FBS. They were then labeled with the PE-tetramers or PE-dextramers 
(20 min at RT in the dark) and subsequently with APC-anti-CD8 
antibodies (10 minutes at RT in the dark) to enable gating on CD8 
T-cells. The samples were then simultaneously lysed and fixed with 
NH4Cl /formaldehyde buffer, washed with HBSS, and re-suspended in 
HBSS/formaldehyde for flow cytometry.

Flow cytometry

Cells were analyzed using a FACSCalibur flow cytometer (BD 
Biosciences, San Jose, CA) and data collected in list mode. Data analysis 
was performed using Cell Quest software (BD Biosciences). Flow gates 
were set ‘‘open’’ for inclusion of all cells. The open gate included cells of 
all sizes, but excluded cell debris, red blood cells, fragmented cells, and 
apoptotic bodies. The percentage CD8 T-cells was defined as the ratio 
of the number of CD8 positive events and the total number of events in 
the lymphocyte gate.

ELISA

C-peptide was determined by Elisa in blood serum. Serum was 
prepared by centrifugation after clotting and stored at -80ºC. The 
ultrasensitive C-peptide Elisa was from Mercodia (Uppsala, Sweden). 
The kit was used according to the manufacturers’ instructions.  Serum 
levels of VCA IgM, Early Antigen D, and EBNA were determined by 
Massachusetts General Hospital Clinical Laboratory Services. 

Statistics

Statistical significance was determined using the unpaired, one-
tailed Student’s t-test at a confidence level of 0.05. We used the one 
sided Kolmogorov-Smirnov sample test to compare the distribution of 
each patient with the reference samples (Figures 1-3).

Results
Clinical profiles

In the course of routine visits of T1D patients, we identified three 
patients who presented with recent onset EBV infection, also known 
clinically as mononucleosis or “mono”. We followed these patients 
closely for at least 15 weeks after presentation. Recent onset EBV 
infection offers an opportunity to study the prevalence and traits of 
autoimmune and EBV-specific T-cells both during and after clinical 
symptoms of EBV infection. It also offers the opportunity to document 
the reproducibility of the past observation in a clinical trial of BCG 
treatment that EBV infection caused a transient increase in insulin 
production by the pancreas, measured as co-secreted C-peptide [6]. 
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The EBV infections were first clinically diagnosed by standard 
serologic methods and symptoms. The clinical characteristics of these 
subjects and of the reference population are summarized in Figure 1A.  
All subjects had established Type 1 diabetes, with durations of 6, 19, 
and 30 years and elevated HbA1c. Two of the subjects (Subjects 1 and 2) 
were positive for glutamic acid decarboxylase (GAD65) autoantibody, 
which is an islet-specific marker for T1D.

Time course of EBV infection

After presenting with symptoms and a clinical diagnosis of EBV 
infection, we performed more detailed EBV antibody serology to 
determine the details of the time course of the infection.  We wanted 
to estimate the time of onset of the infection relative to the sequential 
blood studies performed here (Figure 1B). 

Isotypes of EBV antibodies to different parts of the EBV viral particle 
peak at different times after infection [16]. We used a combination of 
VCA IgM, Early Antigen D, and EBNA. These markers peak at 0-6 
weeks, 4-8 weeks, and 6-8 weeks after EBV infection, respectively 
(Figure 1B). All subsequent data reported in this study, especially 
timelines of immunologic events, were plotted and extrapolated to an 
infection date of “0”. For Subject 1, we estimated that the presentation 
time for the present study was week 2 after infection, for Subject 2 the 
presentation time was week 4 after infection, and for Subject 3 the 
presentation time was week 2 after infection. 

Detection of EBV-specific CD8 T-cells

Although the typical clinical method of diagnosing EBV infections 
involves antibody testing, it is possible in a research setting to confirm 
infection by direct monitoring of newly created EBV-specific T-cells. 
We used EBV-specific tetramers, i.e., HLA class I proteins loaded with 
a synthetic peptide sequence GLCTLVAML. This allowed us to detect 
EBV-specific CD8 T-cells using flow cytometry (Figures 1C and 1D). 
Although a slightly different method of detection of these EBV-specific 
T-cells was utilized in Subject 1, versus Subjects 2 and 3 (isolated CD8 
T-cells versus direct observations of CD8 T-cells in lysed blood), all 
subjects had an early rise in EBV-specific T-cells above background 
levels of fluorescence (Figure 1D). 

Time course of C-peptide in EBV-infected subjects

To determine the impact of EBV infections on insulin secretory 
capacity, we monitored serial serum C-peptide levels for at least 15 
weeks after the subjects with EBV presented to the research clinic.  A 
simultaneously studied reference population of non-EBV infected long-
term diabetics was similarly monitored for 15 weeks. The monitoring 
of the reference subjects for fasting morning C-peptide demonstrated 
the subject and assay variability.  

C-peptide in EBV-infected Subjects 1 and 2 showed a statistically 
significant increase of p=0.04 and p=0.0013 over that in the reference 
population, respectively. Subject 3 showed no significant increase in 
pancreatic C-peptide (Figure 2). 

Impact of EBV on Insulin-B Autoreactive T-cells in Type 1 
diabetics

The detection of peripherally released injured or dead autoreactive 
T cells after BCG or EBV is an indicator of disease modification. To 
determine whether EBV infection similarly kills or injures autoreactive 
T-cells, we quantified insulin-B autoreactive CD8 T-cells in the 
peripheral blood of the three recently EBV-infected subjects compared 

to uninfected long-term diabetic subjects. Tracking of insulin-B 
autoreactive T-cells in long-term diabetics is feasible.  With sensitive 
monitoring methods about 41% (21 out of 51) of randomly recruited 
long-term type 1 subjects had detectable insulin-B autoreactive T-cells 
(0.28% to 0.65%, Figure 3A). The same type 1 diabetic CD8 T-cells 
stained with negative dextramer reagents exhibited a background 
signal range of 0.19% to 0.27% (Figure 3A). 

As previously shown for long-term diabetics exposed to 
TNF inducing infections, the EBV infected subjects exhibited an 
overabundance of insulin-B autoreactive T-cells in peripheral blood 
after infection. The mean percentage of insulin-B autoreactive T-cells in 
EBV-infected subjects was greater than that in the negative background 
staining (p=0.002), as well as in a matched population of uninfected 
reference diabetics (p=0.02). This finding supports the conclusion that 

Figure 1: Clinical characteristics and time course of EBV infection. A. 
Summary of clinical characteristics for the three EBV subjects. B. Results 
for EBV antibody testing on blood samples drawn during the first visit for the 
three EBV subjects and correlation with estimated start of EBV infection. C. 
Time course of the appearance of EBV-specific T-cells in Subject 1, Subject 
2 and Subject 3. As detailed in the Materials and Methods, the staining for 
EBV reactive T-cells in Subject 1 was performed on isolated CD8 T-cells; the 
staining for EBV reactive T-cells for Subject 2 and Subject 3 was performed 
on whole blood lysates with CD8 T cells identified with CD8 antibody. In the 
graphs, time point 0 indicates the estimated occurrence of EBV infection, 
based on the timing of the appearance of antibodies directed against EBV. 
D. Representative dot plots of flow cytometry results. Level of non-specific 
tetramer binding by CD8 T-cells was determined using a tetramer loaded with 
an irrelevant peptide sequence (Negative Control, left panel). The middle and 
right panels show examples of positive staining using EBV-specific tetramers.
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infections that boost TNF result in the release of these autoreactive 
T-cells into the circulation.

Newly released insulin-B autoreactive T-cells have abnormally 
low CD8 density 

A further analysis of the insulin-B autoreactive T-cells in long-term 
diabetics infected with EBV virus revealed some additional distinctive 
features of the antigen-specific CD8 T-cells (Figure 3B). Not only 
were there more insulin-B autoreactive CD8 T-cells in the circulation 
after EBV infection, but also their density of the CD8 marker was 
dramatically lower. As shown in Figure 3B, in three characteristic 
histograms, the CD8 mean log fluorescent density was 1408, 1157 and 
1516 for the insulin-B autoreactive T-cells in EBV-infected subjects. 
In contrast, for insulin-B autoreactive T-cells from uninfected long-
term diabetic subjects, the mean log antigen density of the CD8 marker 
was 2976, 4003, and 4948. The lower density of CD8 proteins in the 
EBV-infected subjects was not a generalized trend for all antigen-
specific T-cells but specific for only the autoreactive T-cells. For these 
same infected subjects the log CD8 T-cell density was normal for the 
EBV-specific T-cells. The CD8 protein density on the cell surface was 
4308, 3530 and 4416, values that are similar to the density of the CD8 
proteins on insulin-B autoreactive T-cells of uninfected diabetics 
(Figure 3B).  Loss of CD8 marker is indicative of cellular damage or 
apoptosis of T-cells [17]. 

Discussion
In this paper we describe three case studies of Type 1 diabetics that 

presented with acute EBV infections. Overall this study reinforces our 
past observation that infection with EBV transiently diminishes the 
autoimmune response in type 1 diabetes, which facilitates the brief 
recovery of pancreatic function. EBV infection causes rapid release into 
the circulation of increased numbers of preformed circulating insulin-B 
autoreactive T-cells. These autoreactive T-cells express dramatically 
lowered levels of the CD8 protein, indicative of injury or apoptosis. 
The EBV infection also causes transient and modest increases in insulin 
secretion as measured by C-peptide from the pancreas.

Subjects 1 and 2 had a more dramatic response to the EBV infection 
than Subject 3. Subject 3 did not have a statistically significant increase 
in C-peptide production and had only a modest degree of EBV-
specific T-cell generation. We can speculate why Subject 3 appears to 
be different from the other long-term diabetics who displayed more 
beneficial immune and pancreatic responses to EBV. Subject 3 was 
GAD65 negative at baseline, a sign of no remaining pancreas activity. 
Subject 3 had an age of onset of diabetes at 2 years of age, a trait known 
to cause more rapid decline in pancreas activity, thus explaining why 
autoantibody to the insulin secreting islet tissue, GAD65, was negative. 
Lastly and perhaps most significantly, Subject 3 had a starting HbA1c 
that was high, 9.6.  We know from past NOD mouse studies that the 
pancreas does not regenerate when control of blood sugar is poor 
during the treatment period with TNF induction [9]. Therefore we 
speculate the poor blood sugar control during the infection in Subject 
3 could have hampered the regenerative process. A pancreas with no 
remaining insulin-secreting islets for a GAD65 autoantibody response 
may characterize patients who might not benefit from TNF induction. 
This inference may be important for the design of future clinical trials 
in long-term diabetics.

A new T-cell observation was discovered in this observational 
study. As shown in Figure 3B, the newly released autoreactive T-cells 

Figure 2: Time course of C-peptide levels in the EBV-infected subjects versus 
a reference population of Type 1 Diabetics without active EBV infection. 
Subjects 1 and 2 showed a transient increase in C-peptide that was statistically 
significant as compared to the reference population (p<0.04 and p=0.00134, 
respectively). Subject 3 did not show increased C-peptide levels.

Figure 3: EBV infection results in increased presence of autoreactive T-cells 
with reduced CD8 antigen density. A. Increased presence of circulating 
insulin-B autoreactive T-cells after EBV infection in T1D as compared to the 
levels of autoreactive T-cells in an uninfected T1D subjects. Background 
fluorescence for peripheral T-cells as shown is 0.19% to 0.27%.(left panel) 
B. Reductions in CD8 antigen density were specific for the newly appearing 
insulin-B autoreactive T-cells of the EBV-infected subjects. Long-term type 1 
diabetics without EBV infection had smaller numbers of peripheral insulin-B 
autoreactive T-cells, but the density of the CD8 protein was in the normal 
range.  Also the EBV-specific T-cells from the EBV-infected subjects also had 
a normal density of CD8 protein.
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after EBV infection have a dramatically decreased density of CD8 
proteins on their surface. The decrease in CD8 proteins was neither 
a trait of the newly appearing EBV-specific T-cells nor a trait of the 
general CD8 T-cell populations in the circulation. Also the circulating 
insulin-B autoreactive T-cells in long-term diabetic subjects without 
an EBV infection had normal CD8 protein density.  What does this 
mean? Past studies have shown that TNF induction in long-term 
diabetics rapidly releases damaged and dying autoreactive T-cells 
into the circulation [6]. It is known that as CD8 T-cells start to die the 
density of the surface markers starts to fall since re-synthesis of CD8 is 
not possible [17]. Therefore we suggest that the dramatic drop in CD8 
protein density is a trait of those T-cells damaged or dying from the 
EBV infection-induced TNF release. Since the drop in density of the 
CD8 marker is large, this may be an easier method to measure death 
of autoreactive T-cells than more complicated T-cell viability assays 
used in the past [6,9,15]. As observed by past in vitro studies of antigen 
specific T-cells in type 1 diabetics, TNF has target specificity for killing 
only the autoreactive T-cells, not other populations of antigen-activated 
T-cells, here demonstrated by the hardiness of antigen specific EBV
T-cells from type 1 diabetics to resist cell death [7].

While it is limited to only three cases, this observational study of the 
impact of EBV infections on diabetic autoimmunity lends support to the 
“hygiene hypothesis”. This hypothesis holds that reduction in early-life 
infections is associated with the worldwide rise in immune disorders, 
including T1D [18]. The hygiene hypothesis attributes the growing 
incidence of autoimmunity to fewer infections, better sanitation, 
greater antibiotic use, and improved socio-economic indices [19-23]. 
With fewer infections there are likely fewer host inductions of TNF. 
TNF is known to protect the host through autoreactive T cell death 
[7] and also induction of Tregs [24-26]. Our observational study and
previous studies [6,27] extend the epidemiologically-driven “hygiene
hypothesis” by demonstrating that EBV infection or deliberate re-
introduction of attenuated tuberculosis bacteria results in amelioration 
of autoimmunity even years after disease onset.
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