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Summary. Humoral and cell-mediated disorders in Type 1 (in- 
sulin-dependent) diabetes suggest that an imbalance of immu- 
noregulatory T-cell subsets exists. In 23 newly diagnosed 
(onset < 3 months) and 21 long-standing Type 1 diabetic pat- 
ients, T lymphocyte subsets were analyzed using monoclonal 
antibodies (OKT3, OKT4, OKT8, OKM1). The newly diag- 
nosed patients showed a reduction with a significant differ- 
ence from healthy controls in total T cells (OKT3 + : 58.1 + 
8.5% versus 70.7__+8.0%), helper/inducer cells (OKT4+: 
33.8___7.0% versus 47.1___8.3%), suppressor/cytotoxic cells 
(OKT8+: 18.5+7.3% versus 32+6.8%) and monocytes 
(OKMI+: 11.5+3.8% versus 19.9+5.2%) (p<0.001). The 
long-standing diabetic patients also revealed a low number of 
immunoregulatory T cells compared with control subjects, al- 
though to a lesser extent (p < 0.01-0.05). The helper/suppres- 
sor ratio (OKT4+/OKT8 +) was higher in newly diagnosed 

patients than in control subjects (2.2+ 1.3 versus 1.5___0.3; 
p<0.02). When compared with 95% tolerance limits in the 
control subjects, the reduction of OKT8 + cells in the newly di- 
agnosed diabetic patients appeared more marked: the mean 
(18.5%) coincided with the lower limit of normal subjects 
(18.3%). Ten of the newly diagnosed Type I diabetic patients 
had a value below the normal lower limit. Our data point to 
the occurrence of different immunoregulatory abnormalities 
in newly diagnosed Type 1 diabetic patients, especially in 
OKT8 + and OKT4 § cells. The imbalance in T lymphocyte 
subsets is further proof of the role of cellular autoimmunity in 
the pathogenesis of the early phases of Type 1 diabetes. 
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It is well known that disorders of cell-mediated immu- 
nity are involved in Type 1 (insulin-dependent) diabe- 
tes. These abnormalities comprise hypersensitive reac- 
tions, which appear as leucocyte sensitization against 
pancreas extracts and insulin, decreased lymphocyte 
blastogenesis with mitogens and antigens and raised K 
cell activity [1]. In addition, at the onset of Type 1 diabe- 
tes, a deficit of suppressor cell activity has been demon- 
strated using one-way mixed lymphocyte culture and 
concanavalin A-induced suppressor cells [1-3]. 

It is commonly accepted that immune homeostasis 
is maintained through a tightly controlled balance be- 
tween inducer and suppressor T-cell subsets [4]. In man, 
T4 and T8 antigens are expressed on helper/inducer 
and suppressor/cytotoxic lymphocyte subsets, respec- 
tively. T4 positive T cells possess helper function for the 
development of both cell-mediated immune responses 
and B-cell immunoglobulin production and secretion 
[4-7]. On the above basis, it is reasonable to hypothesize 
that an imbalance in these lymphocyte subpopulations 
exists in Type 1 diabetes. This possible immunoregula- 

tory T-cell defect in genetically susceptible subjects 
(linked with HLA diabetogenic haplotype) may gener- 
ate the autoaggression against pancreatic fl cells 
through activation of humoral and cell-mediated mech- 
anisms [8-9]. With a view to confirming this hypothesis, 
we studied T-lymphocyte phenotypes in newly diag- 
nosed and long-standing Type I diabetic patients. T- 
lymphocyte subsets have been defined by monoclonal 
antibodies which identify total T cells (OKT3§ 
helper/inducer cells (OKT4+), suppressor/cytotoxic 
cells (OKT8 § and monocytes (OKM1 +). 

Subjects and methods 

Subjects 
Twenty-three patients (10males and 13 females) with newly diag- 
nosed Type 1 diabetes were studied. Their mean age was t 5 + 4.7 years 
(range: 6 24 years). At the time of our study the time frqm onset ofthe 
disease was < 3 months, the diagnosis time being established on the 
basis of anamnesis concerning the beginning of symptoms. Twenty- 
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one long-standing Type 1 diabetic patients (12 males and 9 females; 
mean age 17.6 _+ 3.1 years; range: 10-28 years) were studied also; their 
mean duration of diabetes was 4.5 + 3.2 years (range: 1-10 years). 

All patients in both groups were ketosis-prone and had required 
insulin from the time of diagnosis. At the time of our study they all 
had good metabolic control: no or minimal glycosuria, as measured 
with Clinistix (Miles Ames, Elkhart, Indiana, USA), absence of keton- 
uria as measured with Ketostix (Miles Ames) and satisfactory 24-h 
glycaemic profiles, as evaluated with reactive strips (Dextrostix) read 
with a reflectance meter (Dextrometer, Miles Ames) [10]. 

Twenty-one healthy subjects (11 males and 10females, children, 
students, volunteers and laboratory staff; with no family history of 
diabetes), ranging in age from 10 to 30years (mean age 16.3_+ 
6.1 years) were investigated also. 

Isolation and identification of T lymphocyte subsets 

Human peripheral blood mononuclear cells were prepared by Ficoll- 
Hypaque density centrifugation [11]. Cell counts revealed prepara- 
tions containing> 88% small lymphocytes, 2%-4% large lympho- 
cytes, 6%-8% monocytes and 1%-2% neutrophils. Cells reactive with 
monoclonal antibodies were enumerated by complement-mediated 
lysis [12] as follows: OKT3, OKT4, OKT8, OKM1 (1 bd) (Ortho- 
Mune, Ortho Pharmaceuticals, Raritan, New Jersey, USA) were 
added individually to 20 gl of mononuclear cells (2 x 10 6 cells/mm 3) 
in RMPI 1640 (Flow Laboratories, Irvine, Scotland, UK) at 4 ~ and 
incubated for 30 rain. Fresh rabbit complement (10 .ul; Behringwerke, 
Marburg, FRG) was added and the cells were incubated further at 
37 ~ for 1 h. All reactions were performed in triplicate. Viable cells 
(200 cells for each sample with each monoclonal antibody) were enu- 
merated by Trypan-blue exclusion and all samples were adjusted for 
background lysis of complement-treated control cells. The results 
were evaluated by two independent observers using a Leitz phase 
contrast microscope (Leitz Orthoplan, Wetzlar, FRG). Suspensions 
with>10% non-viable cells were discarded. Intra-assay variability 
was<5%; inter-assay variability was<10%. The reagents used 
(monoclonal antibodies, rabbit complement, tissue culture medium) 
were from the same batches throughout the study. OKT3 + cells were 
expressed as a percentage of total lymphocytes. OKT4 + and OKT8 + 
cells were similarly enumerated and the results expressed as a per- 
centage of OKT3 + cells. OKM1 + cells were evaluated as a percentage 
of total lymphocytes. The ratio OKT4+/OKT8 + cells was calculated 
and considered as the immunoregulatory ratio. 

Statistical analysis 

All data are expressed as mean + SD and p values were determined 
using the Student's unpaired t-test, unless otherwise stated. The 95% 
tolerance limit in normal control subjects was calculated using Bow- 
ker's method [13]. 

R e s u l t s  

T h e  m e a n  pe rcen tages  o f  T cells and  T-cell  subsets  in 
hea l thy  cont ro l  subjects  were  70.7_+8.0% (range 
52.7-78.7%) for  O K T 3  + cells; 47.1_+8.3% (range 
38.8-55.5%) for  O K T 4  + cells; 32.0_+6.8% (range 
25.1-38.8%) for  O K T 8  + cells; 19.9_+5.2% (range 
14.7-25.1%) for  O K M 1  + cells; 1.5 _+0.3 ( range 1.2-1.8) 
fo r  O K T 4 / O K T 8  ratio.  N o  s ignif icant  d i f fe rences  were  
f o u n d  b e t w e e n  hea l thy  males  a n d  females  wi th  r ega rd  
to T-cell  subsets.  

The  ind iv idua l  pe rcen tages  for  O K T 3  + and  
O K M 1  + cells in the  th ree  g roups  o f  subjects  are s h o w n  
in F igure  1. For  O K T 3  + cells, the newly  d i a g n o s e d  pa t -  
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Fig.l. OKT3 + and OKM1 + cell percentages in 23 newly diagnosed 
( � 9  and 21 long-standing ( �9 ) Type 1 diabetic patients, and in 21 con- 
trol subjects (O). The mean + 2 SD (95% tolerance limit) for the con- 
trol subjects is indicated (OKT3+: 70.7+16.0%; OKMI+: 19.9+ 
10.4%) 

ients s h o w e d  a r educ t ion  (58.1 + 8.5%) c o m p a r e d  with  
bo th  long-s t and ing  pa t ien ts  (63.5_+8.8%) and  cont ro l  
subjects  (70.7 + 8.0%; p < 0.05 and  p < 0.001, respect ive-  
ly). Fu r the rmore ,  in n ine  pa t ien ts  the  pe r cen t age  values  
were  b e l o w  the lower  95% to le rance  l imit  o f  controls .  
On ly  four  long-s tand ing  Type  1 d iabe t ic  pa t ien ts  h a d  
this deficiency.  The  s a m e  p h e n o m e n o n  was  obse rved  
wi th  m o n o c y t e s  ident i f ied by  O K M 1  an t ibody :  in the 
two g roups  o f  the Type  I d iabe t ic  pat ients ,  a r educ t ion  
was  f o u n d  c o m p a r e d  with  the  n o r m a l  l imit  o f  cont ro l  
subjects .  The  m e a n  p e r c e n t a g e  o f  O K M 1  +in the  newly  
d i a g n o s e d  pa t ien ts  (11.5 _+3.8%) was  s ignif icant ly  dif- 
fe ren t  f r o m  tha t  in cont ro l  subjects  (19.9_+ 5.2%; p <  
0.001) and  long-s t and ing  pa t ien ts  (15.9_+5.3%; p <  
0.01). T h e  pe rcen tages  for  O K T 4  + a n d  O K T 8  + cells in 
the  two g roups  are i l lus t ra ted in Figure  2. T h e  m e a n  val- 
ue  for  O K T 4  + cells (33.8 + 7.0%) in the  newly  diag-  
n o s e d  pa t ien ts  was  nea r  the  b o t t o m  o f  the n o r m a l  toler-  
ance  l imit  (30.4%) a n d  five o f  these  pat ients ,  t oge the r  
wi th  three  long-s tand ing  d iabe t ic  pa t ien ts  h a d  values  
b e l o w  this limit. The  m e a n  value  for  O K T 4  + cells in the  
r e m a i n i n g  long-s tand ing  Type  l d iabet ic  pa t ients  
(39.1 + 8.9%) was  wi th in  the 95% to le rance  l imit  o f  the  
cont ro l  subjects.  The re  was  a s ignif icant  d i f fe rence  also 
b e t w e e n  the  ' newly  d i agnosed  d iabe t ic '  O K T 4  + m e a n  
pe rcen tages  and  the  cont ro l  va lues  (/9<0.001). Fo r  
O K T 8  + cells, a s ignif icant  d i f fe rence  was  f o u n d  in the 
newly  d i agnosed  pa t ien ts  (18.5 _+ 7.3%) c o m p a r e d  with 
the  cont ro l  subjects  (32.0_+6.8%; p < 0 . 0 0 1 ) .  As fa r  as 
the O K T 8  + cell pe rcen tages  are conce rned ,  this reduc-  
t ion  was  m o r e  marked .  Indeed ,  1 0 n e w l y  d i a g n o s e d  



428 

8o- 

60- 

o -  

~- 20- 

8 

i. 

i i  ~ t 8 ~ 
: p o o  

:" 
o � 9  �9 

O 

0 0 

o*e �9 

~0 

OKT4* DKT8 ~" 

Fig.2. OKT4 + and OKT8 + cell percentages in 23 newly diagnosed 
( � 9  and 21 long-standing ( � 9  Type 1 diabetic patients, and in 21 con- 
trol subjects ((3). The mean+2 SD (95% tolerance limit) for the con- 
trol subjects is indicated (OKT4+: 47.1 +16.6%; OKT8+: 32.0• 
13.6%) 
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Fig.3. Ratio of immunoregulatory T-cell subsets (OKT4+/OKT8 +) 
in 23 newly diagnosed (O) and 21 long-standing (A) Type 1 diabetic 
patients, and in 21 control subjects (0). The mean• SD (95% toler- 
ance limit) for the control subjects is indicated (1.5 -4- 0.6) 

Type 1 diabetic patients had a value below the normal 
lower limit (18.3%) and the mean coincided almost with 
the bottom of the 95% tolerance limit of control sub- 
jects. The long-standing patients also revealed this re- 
duction, but to a lesser degree. 

As regards OKT4/OKT8 ratios, in the newly diag- 
nosed patients the mean was higher (2.2__+ 1.3) than in 
control subjects (1.5+0.3; p<0.02). This statistical 
analysis was performed with the Welch-Aspin solution 
for the Behrens-Fisher problem [14]. This test, which is a 
simple modification of the Student's t-test, was used be- 
cause in the three groups of subjects the variances were 
significantly different. The results clearly show that the 
only significant differences lie between the newly 
diagnosed patients and control subjects. The 
OKT4+/OKT8 + ratio for the three groups is shown in 
Figure 3. The increased mean value (2.2 _+ 1.3) found in 
the newly diagnosed Type 1 diabetic patients was near 
to the normal upper limit, but this was due to a very 
high value observed in one patient (6.1). Another seven 
patients also showed higher values than the normal 
upper limit, but the majority (15) of the newly diagnosed 
Type I diabetic patients had normal OKT4+/OKT8 + 
ratios. Only four long-standing patients showed in- 
creased immunoregulatory ratios. 

If OKT3 + cells represent the total populations of 
OKT4 + and OKT8 + cells, the sum of the percentages 
should equal the percentage of OKT3 + cells. But this is 
not the case; in fact, in the control subjects this sum was 
greater than the value of OKT3 + cells. On this basis, it 
has been supposed by ourselves and others [15] that 
there is an overlap between the OKT4 and OKT8 sub- 
sets, which bear the same receptor antigens. We calcu- 
lated the percentage of overlap in the three groups, re- 
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Fig.4. Percentage of overlap of OKT3 +, OKT4 + and OK_T8 + surface 
antigens in newly diagnosed ( � 9  and long-standing (A) Type I dia- 
betic and control subjects (�9 Bars denote respective mean values 

garding it as the sum of OKT4 + plus OKT8 + minus 
OKT3 + divided by OKT3 + cells. The plotted data are 
shown in Figure 4. The majority of control subjects 
showed some overlap, but in the newly diagnosed 
Type 1 diabetic patients, the majority (16 out of 23) re- 
vealed negative percentages of overlap (range - 3 2  to 
-0.08). This phenomenon, although less pronounced, 
was present also in the long-standing Type 1 diabetic 
patients, where 11 out of 21 showed a negative percent- 
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age of overlap, while 10 had an overlap ranging from 
2% to 40%. A significant difference was found in the 
overlap percentages between the newly diagnosed 
Type I diabetic patients and the control subjects (p< 
0.001). A less significant difference existed between the 
long-standing patients and normal subjects (p<0.05), 
while there was no difference between the two groups 
of diabetic patients. 

Discussion 

This report describes a study on immunoregulatory T- 
cell subsets in Type 1 diabetes. Using monoclonal anti- 
bodies, we found that T-lymphocyte phenotypes are de- 
creased in Type 1 diabetic patients, the deficit being 
particularly significant in newly diagnosed Type I dia- 
betic patients. 

Many investigators have suggested that cell-mediat- 
ed immune disorders may be linked to metabolic altera- 
tions influencing peripheral blood cells [16]. It must be 
stressed, however, that our patients were studied when 
they had satisfactory metabolic control, and the abnor- 
malities were more pronounced in newly diagnosed 
patients, rather than in long-standing ones, although 
both groups of patients were analyzed under the same 
metabolic control conditions. In our opinion the hypo- 
thesis that the abnormalities of T-lymphocyte subpopu- 
lations in Type I diabetes are due to metabolic distur- 
bances can be discounted. 

Several studies on T-lymphocyte subsets in Type 1 
diabetes have reported conflicting results [17-19]. The 
discrepancies could be explained by the use of different 
methods and different monoclonal antibodies. In addi- 
tion, it is difficult to compare the results with one an- 
other because the analyses of T lymphocytes were per- 
formed at different times from onset of disease (range 
15 days to 6 months) and in some studies the number of 
patients was too small. The interval time from diagnosis 
is very relevant for studies on the immune phenomena 
in Type 1 diabetes and for this reason we examined T- 
lymphocyte phenotypes in two groups of diabetic pat- 
ients: (1) in newly diagnosed patients within 3 months 
from the onset of the disease (a period in which disor- 
ders in immune surveillance mechanisms are very pro- 
nounced, as evidenced by the presence of islet cell an- 
tibodies, islet cell surface antibodies and by the 
histological picture of insulitis) [1, 20]; (2) in long-stand- 
ing diabetic patients in which, on the contrary, the im- 
munological alterations should be less pronounced or 
completely absent [1, 19]. Moreover, it must be stressed 
that in our study, unlike other investigations, we em- 
ployed a complement-mediated cytotoxicity technique. 
The use of this method may account for the high value 
of overlap phenomenon in the control subjects. How- 
ever, it is to be emphasized that the overlap has been re- 
ported also in healthy subjects using immunofluores- 
cence analysis [15]. On the basis of these considerations, 
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we feel that the reduction of T4, T8, T3 and M1 antigen 
expression on Type 1 diabetic lymphocytes cannot be 
related to artefacts of this method, but represent a real 
characteristic of lymphocyte subpopulations in Type 1 
diabetes. 

In our study we emphasize the use of OKT4+/ 
OKT8 + ratios because this affords an index of the im- 
balance between the subsets. In the newly diagnosed 
patients the immunoregulatory ratio was higher than 2; 
however, this rise in the index is due to the low number 
of diabetic patients with simultaneous increase in 
OKT4 + and decrease in OKT8 + cells. Even though the 
majority of the newly diagnosed patients shows a nor- 
mal OKT4+/OKT8 + ratio, it is necessary to consider 
that this apparently normal value is due to the simul- 
taneous reduction in OKT4 + and OKT8 + lymphocytes. 
The four patients with markedly high values of the 
OKT4+/OKT8 + ratio are just those who have a more 
pronounced reduction in OKT8 + cells. These patients 
may represent a particular subgroup within Type 1 dia- 
betes, but they did not show any particular difference in 
comparison to other patients with respect to severity of 
the clinical picture or viral infection. The new finding 
emerging from our study concerns the phenomenon of 
overlap, absent in the majority of newly diagnosed pat- 
ients (it was present in seven only). This observation 
suggests that in newly diagnosed Type I diabetic pat- 
ients there is a numerical reduction of cells bearing both 
antigens for OKT4 and OKT8 monoclonal antibodies. 
This reduction, a further indication of subset deficit, 
may be due to the modified antigens expressed on lym- 
phocyte subpopulations, for example because of an in- 
creased number of cells bearing Ia antigens, as recently 
demonstrated by Jackson et al. [18]. The increase in Ia- 
positive cells may be due to the immune surveillance 
disequilibrium, especially on account of suppressor cell 
deficiency. How are we to explain the numerical T lym- 
phocyte deficit in the newly diagnosed Type I diabetic 
patients and, in particular, the reduction in OKT4 + and 
OKT8 + cells? The typical histological pancreatic pic- 
ture of Type 1 diabetes is well-known [20], hence our da- 
ta on numerical T-cell decrease might be due to the 
trapping of T lymphocytes inside the endocrine pan- 
creas. This hypothesis is supported by the similar histo- 
logical events in Hashimoto's thyroiditis, a disease char- 
acterized by T suppressor deficit [21], and by a recent 
report that in acute-onset Type 1 diabetes labelled T 
lymphocytes preferentially migrate to the endocrine 
pancreas [22]. 

OKT8 + T-cell deficit may suggest disordered immu- 
noregulation and especially an immune-surveillance 
defect against pancreatic antigens. OKT4 + cell reduc- 
tion may be explained by the activation of cell coopera- 
tion in the target organ. In all events, at the present time 
no clear-cut interpretation exists. It is likely that im- 
mune-regulatory cell reduction in Type 1 diabetes is 
closely linked to the genetic profile and in particular to 
HLA-DR3 and/or  DR4 haplotypes. In genetically sus- 
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ceptible subjects (carriers of HLA-BS, B15, B18 and 
HLA-DR3 and/or DR4 antigens) the direct or indirect 
modification of pancreatic r-cell self-constituents in 
conjunction with the coincident presence of an inherit- 
ed defect in immunological control by suppressor T 
cells may initiate the autoaggressive pancreatic process. 
In fact, antigen- or organ-specific T lymphocytes may 
fail to control either the intervention of cytotoxic T lym- 
phocytes or the cloning of helper/inducer and conse- 
quently/7-cell proliferation and organ-specific antibody 
production [l]. Recently, this immunological predispo- 
sition was suggested also by Gorsuch et al. [23], who 
demonstrated in the Barts-Windsor Family study that 
there exists a long prodromal period preceding the on- 
set of Type I diabetes. 

In conclusion, nowadays it is commonly accepted 
that many immunological disorders are involved in 
Type 1 diabetes, both as humoral immunological signs 
and as abnormalities in cell-mediated immunity [1]. 
Now, we suggest that T-lymphocyte subset alterations 
play an important role. Given that there is a genetically 
determined defect in suppressor and helper lympho- 
cytes in Type 1 diabetes, it remains to be understood 
how these non-specific deficits may initiate the well- 
known autoaggressive pancreatic damage. 
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