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Abstract

Wereport that transfusions of RT1 Wistar-Furth (WF) spleen
cells prevented spontaneous diabetes in the RT1" BB/W rat while
RT1b Buffalo rat spleen cells did not. In addition, donor origin
WFT lymphocytes were detected in nondiabetic-susceptible BB/
Wrecipients 5 mo after transfusion. Survival of donor-origin
lymphocytes may provide the cellular mechanism by which major
histocompatibility complex-compatible WFspleen cell trans-
fusions prevent BB rat diabetes.

Introduction

The BB rat develops spontaneous autoimmune diabetes that
resembles human insulin-dependent diabetes mellitus (IDDM)'
(1). Affected rats abruptly become hyperglycemic and ketonemic
between 60 and 120 days of age; without insulin treatment they
succumb from ketoacidosis. Previous studies strongly suggest
that this is an autoimmune disease process (2). The pancreatic
islets of acutely diabetic animals are infiltrated with mononuclear
cells (insulitis) (3). Concanavalin A (Con A)-activated lympho-
cytes from acutely diabetic donors adoptively transfer diabetes
to other rats (4). Islet and other autoantibodies are detectable
both before and after the onset of diabetes (5, 6). The animal
also exhibits depressed cell-mediated immune responses (2) due
at least in part to a severe T cell lymphopenia (7, 8).

BB rat diabetes can be prevented by various immunosup-
pressive and immunomodulatory procedures (2). Wereported
prevention using transfusions of whole blood from a diabetes-
resistant subline of these rats (the "W-line") (9). Transfusion
into young diabetes-prone BB rats not only prevented diabetes
and insulitis, but also restored towards normal the depressed
responsiveness of BB lymphocytes to Con A. Subsequent studies
identified the protective element in W-line blood and spleen
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cells as a T lymphocyte (10), but the mechanism of its action
has remained unclear.

In the present study we obtained spleen cells from various
strains of rats and compared their efficacy in preventing diabetes
when given to susceptible BB rats. Using immunofluorescence
methods, we then determined that protection from diabetes was
associated with long-term engraftment of transfused lympho-
cytes.

Methods

Animals. Transfusion recipients were diabetes-prone BB rats obtained
from the colony of the University of Massachusetts, Worcester (BB/W
rats). The frequency of spontaneous diabetes varies from 40 to 70% (1 1).
Male and female rats were used in approximately equal numbers.

Transfusion donors included diabetes-resistant (W-line) BB/W rats
and WFand Buffalo (BUF) rats from Charles River Laboratories, Wil-
mington, MA. W-line rats were originally derived from diabetes-prone
BB/W forebears, but have been bred for resistance to the disease (1 1).
Through 18 to 20 generations of inbreeding, <2.0% (54:>3,000) of W-
line rats have become diabetic. Both W-line and Wistar-Furth (WF) rats
share the same RT1U major histocompatibility complex (MHC) haplotype
of the diabetes-prone BB/W rat (12); the haplotype of the allogeneic
BUF rat is RTIb.

Preparation of spleen cells for transfusion. Donor rats were killed in
an atmosphere of 100% CO2. Their spleens were removed aseptically,
mechanically disrupted, and suspended in RPMI- 1640 medium (Gibco,
Grand Island, NY) as previously described (10).

Experimental protocols. Two experiments were performed in which
randomly assigned littermate BB/W rats 25-30-d-old received five in-
travenous spleen cell transfusions in a volume of 0.5 ml within a 7-d
period. In exp. 1, WFand W-line spleen cell transfusions were compared.
Exp. 2 studied WFand BUFspleen cell transfusions. The mean number
(±SD) of cells per transfusion was 12.6±5.0 X 10' W-line cells and
13.3±4.8 X 10' WFcells in exp. 1, and 6.4±6.9 X 10' BUF cells and
5.6±3.2 X 10' WFcells in exp. 2. Control animals received no treatment.
The rats in exp. 1 were tested for diabetes through 165 d of age and those
in exp. 2 through 175 d. Diabetes was diagnosed on the basis of 4+
glycosuria and a plasma glucose >200 mg/dl.

Histologic studies. Nondiabetic survivors in exp. 1 were killed with
100% CO2. Their pancreata were excised, fixed in Bouin's solution,
stained with hematoxylin and eosin, and evaluated for the presence of
insulitis. The histologist (Dr. Appel) was unaware of the treatment status
of the animals. The rats in exp. 2 were not studied histologically.

Lymphocyte subset analysis. Samples of peripheral blood from
transfused and control rats in exp. 1 were obtained at 130 d of age and
analyzed for the presence of T cells bearing the helper/inducer (W3/25)
or suppressor/cytotoxic (OX8) antigenic phenotype as previously de-
scribed (10).

Weused monoclonal antibodies to the RT-6 and RT-7 (formerly
termed ART-2 and ART-1, respectively) rat T cell differentiation al-
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loantigens (13-16) to determine if donor-origin T cells were present in
BB/W (RT-7a) recipients of WF(RT-6b and RT-7b) or BUF(RT-6a and
RT-7b) spleen cells (17). Spleen, lymph node, and thymus cells from
nondiabetic BB/W recipients obtained 5 mo after WFor BUF spleen
cell transfusions were analyzed for the presence of donor-origin lym-
phocytes. Monoclonal antibodies to the rat T cell alloantigens RT-6. 1
(DS4.23) and RT-6.2 (6A5), and to the pan-lymphocyte alloantigen RT-
7.2 (8G6. 1) were directly conjugated with fluorescein isothiocyanate.
The 6A5 monoclonal antibody was the gift of Dr. D. Lubaroff, University
of Iowa, Iowa City, IA; it was originally developed and characterized by
Dr. C. B. Carpenter (Harvard Medical School, Boston, MA) (18). Cells
developed for immunofluorescence were analyzed for their relative light
scatter and fluorescence intensity using a fluorescent antibody cell sorter.
Each fluorescent antibody cell sorter analysis was performed on at least
50,000 cells.

Statistical procedures. Analysis of nonparametric data used the chi
square statistic with Yates' correction where necessary. Comparisons of
means used one-way analyses of variance.

Results

The frequencies of diabetes and insulitis observed in exp. 1 are
given in Table I. The effectiveness of W-line spleen cell trans-
fusion in preventing diabetes was confirmed. In addition, MHC-
compatible WFcells were found to provide a significant degree
of protection from both diabetes and insulitis. In exp. 2, also
shown in Table I, the effectiveness of WFspleen cells in pre-
venting diabetes was independently confirmed. In contrast,
MHC-incompatible RTlb BUF rat spleen cells did not prevent
diabetes. These animals were not studied histologically.

In exp. 1, the absolute numbers (Xl03/mm3+SEM) of T
cells in the peripheral blood of BB/W recipients of WFspleen
cells (5.2±1.4) or W-line spleen cells (4.5±0.7) were increased
in relation to the absolute numbers of T cells in the peripheral

Table I. Frequency of Diabetes and Insulitis
AmongBB/WRats Given Five Transfusions of Spleen Cells
from WF, BUF, or W-line Rats

Donor

WF BUF W-line
Donor RTI No
haplotype u b u transfusion

Experiment 1
N 11 14 14
Diabetic* 1 0 5
Insulitist 0 0 7
With diabetes

or insulitis
(%)§ 9 0 86

Experiment 2
N 12 13 14
Diabeticlt 1 6 8
Diabetic (%) 8 46 57

Only those animals surviving to either the end of the experiment or
the onset of diabetes are included. Four rats in exp. 1 and three in
exp. 2 died during transfusion, were found dead, or were killed while
being bled and have been excluded from analysis.
*Chi2 = 7.32, P < 0.03.
t Chi2 = 23.69, P < 0.0001.
§ Chi2 = 27.19, P <0.0001.
1' Chi2 = 6.99, P < 0.05.

blood of nontransfused BB/Wcontrols (2.9±0.7). Furthermore,
the W3/25/OX8 T cell ratios in BB/W recipients of WF(0.8:1,
P < 0.05) or W-line (1.3:1, P < 0.001) spleen cells were signif-
icantly increased in relation to the ratio observed in nontrans-
fused BB/W controls (0.4:1) (by analysis of variance, F ratio
= 26.63, P < 0.0001).

Spleen and lymph node cells obtained from nondiabetic BB/
W(RT-75) recipients of WF(RT-6b and RT-7b) or BUF(RT-6a
and RT-7b) spleen cells were analyzed 5 moafter completion of
transfusion. Donor-origin RT-6+ T cells were present in the
spleen and lymph nodes of the BB/W recipients of WFspleen
cells (Table II). No donor-origin RT-6+ T cells were detected in
BUFspleen cell-transfused recipients. In addition, donor-origin
RT-7' lymphocytes were present in the spleen (41.0±5.6%) and
lymph nodes (46.3±7.3%) of BB/W (RT-75) recipients of WF
(RT-7b) spleen cells, while <1% donor-origin RT-7' lympho-
cytes were observed in BB/W recipients of BUF(RT-7b) spleen
cells.

In additional studies, we have found that four BB/W recip-
ients of five WFspleen cell transfusions that subsequently became
diabetic had no detectable RT-6' cells, suggesting that without
persistence of donor-origin lymphocytes diabetes is not pre-
vented.

Discussion

These data confirm and extend our previous observations that
transfusions of whole blood, spleen cells, or T lymphocytes from
appropriate donors can prevent spontaneous diabetes in the BB/
Wrat. They indicate that protection is not restricted to trans-
fusions from the closely related diabetes-resistant W-line rat.
Spleen cells from the MHC-compatible WFrat are equally ef-
fective. MHC-incompatible spleen cells are ineffective. Further-
more, this study extends our previous observations by using the
RT-6 and RT-7 alloantigenic differences between the BB/W(RT-
75) and WF(RT-6" and RT-7b) strains of rats. Weare now for-
mally able to document the long-term persistence of donor origin
(RT-6b and RT-7b) lymphocytes in the BB/W (RT-75) recipients
of transfused spleen cells.

At least two mechanisms could explain the presence of donor-
origin T cells in the peripheral lymphoid tissues of BB/Wrecip-
ients of WFspleen cells. The spleen contains a heterogeneous
population that consists of stem cells, progenitor cells, and ma-
ture lymphocytes (19). Since the BB/W recipients were not an-
alyzed until 5 moafter spleen cell transfusion, the WFlympho-

Table II. Presence of Donor-origin Lymphocytes
in Nondiabetic BB/WRats Given Five Transfusions
of Spleen Cells from WFor BUFRats

Percentage of Number (X106) of
donor-origin donor-origin RT-

Donor Tissue RT-6+ T cells 6+ T cells

WF Spleen 8.5±2.5 7.5±3.0
Lymph node 51.6±2.6 ND

BUF Spleen < 1.0 < 1.0
Lymph node <1.0 ND

Results represent the mean± I SDof four animals. ND, not deter-
mined. Values of < 1.0 indicate that no donor-origin RT-6' cells were
observed.
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cytes could have been generated by the engraftment of an im-
mature stem and/or progenitor cell population in the BB/W
recipients.

A more likely explanation is that the mature T lymphocyte
population in the spleen cell inoculum survived in the MHC-
compatible BB/W hosts. Based on the assumption that the
splenic T cell population represents -40% of the total peripheral
T cells in an adult rat (20), it can be calculated from the data
in Table II that 19 X 106 donor-origin T cells were present in
the WFspleen cell-transfused BB/Wrecipients. Since '-84 X 106
T lymphocytes (30% of 280 X 106 WFspleen cells) were injected,
and 25% of the T cells in the spleen are long-lived (> 100 d) (20),
survival of the mature T lymphocytes in the original inoculum
(21 X 106) could account for essentially all of the donor-origin
T cells observed in the BB/W recipients.

Our results support the hypothesis that the protection af-
forded by transfusion results from persistence of donor-origin
WF(RT-6b and RT-7b) lymphocytes in the diabetes-prone BB/
W(RT-7a) rat. Moreover, we have shown that the absolute
numbers of T cells, and the helper-inducer/suppressor-cytotoxic
(W3/25/OX8) T cell ratios are increased towards normal in WF
and W-line spleen cell-transfused BB/W recipients. These results
are consistent with our previous observations (2, 4, 10) and sug-
gest that the mechanism of protection may be the correction of
regulatory T cell imbalances that are apparent in untreated BB/
Wrats. In other studies, we have shown that lymphocyte pop-
ulations specifically enriched for W3/25+ W-line rat spleen cells
prevent BB rat diabetes, while transfusions enriched for OX8+
cells do not (21). Wehave also demonstrated that BB/W rats
lack the RT-6 T cell subset (17) that comprises -70% of the
peripheral T cells in normal rats (13-15). Whentaken together,
these results suggest that the RT-6+, W3/25+ T cell subset may
be of particular importance in the pathogenesis and/or preven-
tion of BB rat diabetes. However, the exact cell type that confers
protection as well as the mechanism by which it acts remain to
be determined.
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