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Cell-mediated immunity was evaluated in patients with diabetes mellitus by

delayed hypersensitivity skin tests and in vitro lymphocyte transformations. Only

44% of diabetic patients had skin test reactivity to Candida antigen, compared
with 88% of normal controls (P < 0.001). Insulin-dependent diabetic (IDD)

patients had abnormally low lymphocyte transformation responses to phytohe-
magglutinin, concanavalin A, and streptokinase-streptodornase (P < 0.05). This

defect was not corrected by culturing the cells in nondiabetic plasma. IDD
patients with persistent hyperglycemia (fasting serum glucose level, >200 mg/dl)
had lower levels of transformation than did IDD patients with fasting serum

glucose levels less than 150 mg/dl. Lymphocytes from two IDD patients with
poor lymphocyte transformation responses had marked improvement in response
to phytohemagglutinin when the lymphocytes were cultured after a preincubation
period designed to deplete cultures of suppressor activity. Seven IDD patients
were studied serially over 12 months. Lymphocyte transformation responses in
four of these patients improved coincidentally with a change in the level of fasting
hyperglycemia from >200 to <150 mg/dl. The other three IDD patients with
consistent fasting serum glucose levels of >200 mg/dl had poor lymphocyte
transformation responses. Diabetic patients have demonstrable defects in lym-
phocyte function which improved in a small number of patients with reduction in
the level of fasting hyperglycemia.

Patients with diabetes mellitus have an in-
creased incidence of infections caused by bacte-
ria, virus, and fungi (19,20). Immune deficiencies
are often invoked to explain their increased in-
cidence of infections and morbid complications.
Although humoral immunity appears to be nor-
mal in most diabetic patients (8), several types
of functional abnormalities have been demon-
strated in polymorphonuclear leukocytes, par-
ticularly when the patients are in ketoacidosis
(2, 4, 11, 15).
Studies of cell-mediated immunity of the de-

layed type (CMI) have shown conflicting data in
patients with diabetes mellitus (3, 5, 9, 16). CMI
appears to be important in host defenses against
certain infections, especially those caused by
fungi and mycobacteria (6, 7, 12, 17).
The purpose of this study was to investigate

CMI in diabetic patients by utilizing delayed
hypersensitivity skin tests, in vitro lymphocyte
transformations, and an assay of lymphocyte
suppressor activity.

MATERIALS AND METHODS
Patients. Fifty diabetics from an urban county

hospital were studied. Forty-four were selected ran-

t Present address: Division of Infectious Diseases, Depart-
ment of Medicine, The Ohio State University, Columbus, OH
43210.

domly during clinic visits, and six patients were studied
while they were hospitalized for ketoacidosis. Seven
patients were studied from three to eight times during
1 year. Informed written consent was obtained before
their participation in this study. The population con-
sisted of 25 males and 25 females, with a mean age of
50 years (range, 19 to 82). Thirty-eight were insulin-
dependent diabetics (IDD), and 12 were non-insulin-
dependent diabetics (NIDD) receiving oral hypogly-
cemic agents in different combinations. Many of our
patients were noncompliant in attending clinic, taking
medication, or following dietary restrictions. For these
reasons, only 26% of the population had fasting serum
glucose (FSG) levels of <150 mg/dl, and 45% had FSG
levels of >200 mg/dl when they were studied initially.

Fifty-six controls with a mean age of 49 years (range,
18 to 83) and equal sex distribution were either pa-
tients from nondiabetic clinics or healthy medical per-
sonnel. The outpatient controls had a variety of un-

derlying diseases, such as hypertension, arteriosclero-
sis, congestive heart failure, and obesity. The control
patients were screened so that none had any endocrin-
ological or immunological abnormalities or serious re-

current infections.
Skin tests. Antigens used were tuberculoprotein

(5 tuberculin units per 0.1 ml; Parke, Davis & Co.,
Detroit, Mich.), mumps skin test antigen (undiluted;
Eli Lilly & Co., Indianapolis, Ind.), Candida (1:200
dilution; Hollister-Stier Laboratory, Dallas, Tex.), and
streptokinase-streptodornase (SK-SD; 40 U of SK per
0.1 ml; American Cyanamid Co., Lederle Laboratories
Div., Pearl River, N.Y.). The same batch of antigens
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was used throughout the study. Antigens were injected
intradermally in 0.1-ml volumes on volar surfaces of
forearms. Induration was measured at 48 to 72 h after
antigen injection and recorded as positive if induration
was greater than 5 mm with mumps, Candida, or SK-
SD antigen and greater than 10 mm with tuberculo-
protein antigen.
Lymphocyte transformation. Patients were

studied from one to eight times over 12 months, with
only one observation made in most of the patients.
Heparinized peripheral blood was sedimented for 2 h
at 370C. Leukocyte-rich plasma was centrifuged, and
the cells were washed with Hanks balanced salt solu-
tion (Grand Island Biological Co., Grand Island, N.Y.).
Cells were suspended in RPMI 1640 tissue culture
medium (Grand Island Biological Co.) and counted
with a hemocytometer.

Cultures were established in triplicate in microtiter
plates (Falcon Plastics, Oxnard, Calif.) containing 80%
RPMI 1640 medium and 20% autologous plasma. In
some experiments, pooled plasma from normal con-

trols was substituted for autologous plasma. A total of
105 lymphocytes were cultured with 7.5 and 0.75 ,ug of
phytohemagglutinin (PHA; Difco Laboratories, De-
troit, Mich.) per ml, 5 jg of concanavalin A (ConA;
Calbiochem, La Jolla, Calif.) per ml, SK-SD (20 U of
SK per ml), or medium alone. Antigens with chemical
preservatives were dialyzed against 0.85% sodium chlo-
ride for 5 days before use.

Cultures were incubated at 370C in a 5% CO2 hu-
midified atmosphere for 72 to 120 h in different exper-

iments and then pulse-labeled with 1 uCi of [3H]-
thymidine (specific activity, 20,Ci/mmol; New Eng-
land Nuclear Corp., Boston, Mass.) for 4 h. Cultures
were harvested onto glass-fiber filter papers (Reeve
Angel, Clifton, N.J.) with a multiple-sample precipi-
tator (Otto-Hiller, Madison, Wis.). Filter papers were

each washed 10 times with 0.85% NaCl, 10 times with
5% trichloroacetic acid, and then 10 times with abso-
lute methanol. After drying, filter papers were placed
in a toluene-based solution (42 ml of Liquofluor in 1
liter of toluene; New England Nuclear Corp.) and

counted for 1 min on a Beckman scintillation counter.
Means of triplicate cultures were calculated and ex-

pressed as a ratio of mean counts per minute of the
stimulated versus the unstimulated cultures to derive
a stimulation index (SI).

Suppressor activity in lymphocyte cultures was as-

sayed by the method of Stobo et al. (18), with an

initial 7-day preincubation without antigen at 370C.
Lymphocyte cultures were then incubated for 5 days
with PHA and fresh medium and processed as de-

scribed above. Lymphocyte cultures of 25 normal con-

trols and 15 diabetic patients were studied for sup-
pressor activity. A percentage of suppressor activity
(suppressor index) was derived by dividing the SIs
obtained with the suppressor assay cultures by the

PHA responses in conventional cultures and multiply-
ing by 100.

Data were analyzed by two-tailed Student's t test.

RESULTS
Skin tests. Percentages of positive skin tests

in 45 outpatient diabetics and 50 controls are

shown in Table 1. There were no differences
between the NIDD and the IDD, so they were

combined. Of the controls, 88% exhibited de-
layed skin test hypersensitivity to Candida an-

tigen, but only 44% of the diabetic patients had
positive tests to this antigen. This difference is
statistically significant (P < 0.001). No signifi-
cant differences were noted with SK-SD,
mumps, or tuberculoprotein antigens, although
the percentages of positive skin tests with SK-
SD and mumps antigens were lower in diabetics.
Lymphocyte transformations. Lympho-

cyte transformation responses of 50 diabetic pa-

tients were compared with those of 56 controls
(Table 2). Lymphocytes of 12 NIDD had lower
mean SIs to nonspecific mitogens (PHA, SI =

58; ConA, SI = 46) than did controls (PHA, SI
= 75; ConA, SI = 60), but these differences were

TABLE 1. Frequency ofpositive skin tests
Antigens (% positive)

Patients No. studied
Candida SK-SD Mumps Tuberculoprotein

Normal controls 50 88 84 64 8
Diabetic 45 44a 73 53 13

a P < 0.001 when compared with control values.

TABLE 2. Lymphocyte transformations
Antigen'

Patients No. studied No antigen (cpm)
PHAb ConA SK-SD

Controls 56 75 34 60 ± 44 18 ± 22 405
NIDD 12 58 39 46 ± 37 7 i9c 403
IDD 38 37 20c 30 ± 29c 5±6c 446

a Mean SI ± one standard deviation.
b Higher response to one of two concentrations (0.75 and 7.5 ug/ml).
PP < 0.05 when compared with controls.
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not statistically significant. A significant reduc-
tion in SI occurred with the specific antigen SK-
SD in the NIDD groups (P < 0.05). In contrast,
lymphocytes from the 38 IDD patients had very
low mean indexes of transformation to PHA (SI
= 37) and ConA (SI = 30), as well as to SK-SD
(SI = 5). All these differences were statistically
significant when compared with control values
(P < 0.05). Transformations of unstimulated
cultures without antigens were similar in all
three groups, with mean counts per minute be-
tween 403 and 446.
A correlation was also noted in the IDD group

between the SIs to PHA and the level of hyper-
glycemia. Mean SI with PHA was 27 in the IDD
group with FSG levels of >200 mg/dl and 51 in
the IDD patients with FSG levels of <200 mg/
dl. Both of these IDD groups had significantly
lower mean SIs than did nondiabetic controls
(SI = 75 to PHA; P < 0.05). The mean SI with
PHA of the six patients in ketoacidosis (22 ± 16)
was no different than of those with FSG levels
of >200 mg/dl (27 ± 21).
Suppressor activity in lymphocyte cul-

tures. An assay of suppressor activity was per-
formed on lymphocyte cultures from 15 IDD
patients and 25 controls. No suppressor activity
was seen in any control patients in this assay
(suppressor indexes, 50 to 100%), except for one
whose suppressor index was 108% (Fig. 1). Ten
cultures for the IDD patients had a range of
indexes similar to those of the controls, implying
a lack of significant suppressor activity. Three
of the 15 IDD patients had lymphocytes with
some suppressor activity manifested by suppres-
sor indexes between 110 and 144%. Two of the
IDD patients (designated A and B) exhibited
striking improvement of PHA response into the
normal range after preincubation, with SIs in-
creasing from 25 to 75 and from 30 to 83, respec-
tively. Thus, patients A and B showed suppres-
sor indexes of 300 and 281%, respectively (Fig.
1). Patients A and B consistently had FSG levels
of >200 mg/dl, and both had episodes of keota-
cidosis in the month before the suppressor tests.

Effect of homologous plasma. To investi-
gate whether the reduction in lymphocyte trans-
formations to PHA in the IDD group was due to
inhibitory factors contained in their plasma, 15
diabetics were restudied with lymphocyte trans-
formations to PHA. Their washed lymphocytes
were stimulated with 0.75 fig of PHA per ml in
either autologous or normal pooled homologous
plasma. The SIs ranged from 10 to 84 in autol-
ogous plasma and from 10 to 78 in homologous
plasma. No enhancement of SIs was seen after
substitution of normal plasma for IDD plasma.
These data indicate that no plasma inhibitors to
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FIG. 1. T-cell suppressor assay. Two IDDpatients
(A and B) withpersistent hyperglycemia and a recent
episode of ketoacidosis had increases in the level of
response to PHA into the normal range after prein-
cubation of lymphocyte cultures, a procedure de-
signed to deplete the system of suppressor cells (18).

lymphocyte transformations were found in these
diabetic patients.
Longitudinal studies. Lymphocytes of

seven IDD patients were studied at least three
times with PHA mitogen over a 12-month period
(Fig. 2). Four of these IDD patients had im-
proved diabetic control as seen by reductions in
their levels of hyperglycemia (FSG levels were
reduced from >200 to <150 mg/dl). Two of these
patients (no. 1 and 2) were started on insulin at
the onset of this study. A third patient (no. 3)
was hospitalized in the middle of the year for
control of her diabetes and subsequently had
increases in lymphocyte responses to PHA (SIs
increased from 50 to 100). Patient no. 4 had been
on insulin for 1 year, but her FSG levels were
>200 mg/dl. Further regulation of her insulin
dosage reduced her FSG levels to <150 mg/dl,
and her SIs to PHA increased from 34 to 54.
Three other patients (no. 5, 6, and 7) had con-
sistently elevated FSG levels (>200 mg/dl) or
repeated episodes of keotacidosis (no. 5 and 7).
Their SIs showed abnormally low values at the
termination of this study. These observations
are limited, but indicate an area for future study.

DISCUSSION
Patients with diabetes mellitus appear to have

an increased incidence of infections with a wide
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FIG. 2. Serial SIs to PHA. Improvement in lym-
phocyte transformation responses to PHA was noted
in four patients in whom better control of diabetes
was established. Three patients consistently had lev-
els of>200 mg/dl and hadpoor lymphocyte transfor-
mation responses to PHA. Symbols: 0, reduction in
hyperglycemia to FSG levels of <150 mg/dl (no. 1, 2,
3, and 4); O,persistent hyperglycemia with FSG levels
of>200 mg/dl (no. 5, 6, and 7).

variety of pathogens (19, 20). The spectrum of
these organisms suggests that multiple defects
occur in several areas of their immune system.
Defects have been found in acute inflammatory
responses of diabetic patients in ketoacidosis as
measured by the skin window technique (15). In
vitro function studies of polymorphonuclear leu-
kocytes have shown frequent abnormalities in
chemotaxis, phagocytosis, and intracellular kill-
ing of bacteria, especially in the poorly con-
trolled IDD (2, 4, 11).
Whereas granulocytic leukocytes are impor-

tant in defending against bacterial infections,
CMI is thought to play a dominant role in pro-
tecting against fungal infections (6, 7, 12, 17).

Conflicting data have been reported on the
status of CMI in diabetics. In 1970 Brody and
Merlie (3) reported decreased lymphocyte trans-
formation in six diabetics, whereas Ragab et al.
(16) found normal values in 23 diabetic patients.
More recent studies from Delespesse et al. (5)
and MacCuish et al. (9) have found diminished
lymphocyte response to PHA in poorly con-
trolled diabetic patients with normal percent-
ages of T cells.
This study was initiated to explain these ap-

parently conflicting results by studying a dia-
betic population with both delayed hypersensi-
tivity skin tests and lymphocyte transformation
responses. A significant reduction in the number
of diabetic patients responding to Candida skin
test antigen was found. The skin test responses
to mumps and SK-SD antigens, although lower
in diabetics than in controls, were not statisti-
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cally different. These results seem to indicate a
restricted defect in CMI in Candida, an orga-
nism which frequently infects diabetics (19, 20).
There does not appear to be a global decrease in
delayed hypersensitivity which would be mani-
fest by total skin test anergy.
IDD patients had depressed lymphocyte

transformation responses to PHA, ConA, and
SK-SD. This defect was especially pronounced
in patients with hyperglycemia (FSG levels of
>200 mg/dl) or in ketoacidosis. Lymphocytes of
NIDD patients responded normally to the mi-
togens PHA and ConA but had decreased re-
sponses to the specific antigen SK-SD. These in
vitro lymphocyte defects were not due to plasma
factors, as has been shown with washed lympho-
cytes ofpatients who had liver disease (14), renal
failure (13), and sarcoid (10). These mitogenic
abnormalities were not corrected by culturing
lymphocytes in pooled human plasma.

Fifteen diabetics were studied with a pro-
longed culture technique to demonstrate sup-
pressor activity, as described by Stobo et al. in
disseminated fungal infections (18). Lympho-
cytes from two of these diabetic patients had a
marked improvement to normal SIs for PHA.
One explanation for this effect is that these
diabetics had excessive suppressor activity to
account for their low responses to PHA noted in
conventional lymphocyte cultures. Neither pa-
tient has disseminated fungal or viral disease
which has been associated with increased sup-
pressor activity (18). Interestingly, both patients
had episodes of ketoacidosis in the month before
these tests. Further studies were needed to de-
termine whether recent episodes of keotacidosis
are frequently associated with increased sup-
pressor activity.
Lymphocytes from seven IDD patients were

also studied from three to eight times over a
year. Four of these patients had their diabetes
brought under better control during the studyperiod, as shown by significant reductions in
levels of their FSGs. Three patients had marked
improvement in their lymphocyte functions, as
measured by increased SIs to PHA. One patienthad slight improvement. Uncontrolled diabetes
was seen in three other patients with frequentepisodes of ketoacidosis or persistent hypergly-cemia (FSG levels of>200 mg/dl). Lymphocytesfrom these latter three patients had abnormallylow SIs to PHA. Although the numbers of pa-tients studied were small, these data suggestthat better diabetic control may enable the lym-phocytes to respond normally to PHA.
Our study supports the observation that dia-

betic lymphocytes function abnormally (3, 5, 9).Furthermore, we have shown that, althoughdemonstrating normal skin test response to bac-
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terial and viral antigens, diabetics had significant
reductions in response to a fungal skin test an-
tigen. These patients with negative Candida
skin tests did not have widespread disease and
antigen overload such as is seen in chronic mu-
cocutaneous candidiasis (7). Conflicting data re-
ported in earlier studies can probably be ex-
plained best by the state of diabetic control in
these study populations. These abnormal lym-
phocyte transformations may revert to normal
responses with reduction of the hyperglycemia.
We have no data as to whether the incidence of
infections correlates with these lymphocyte
studies. As immunological tools become more
sophisticated, the basic derangement oflympho-
cyte function may be explained. Abnormalities
may exist in membrane receptors for mitogens
in these cells, as has been noted in diabetics for
insulin (1), or they may reflect intracellular de-
fects in metabolism. We have not investigated
the role of the macrophage, and it is possible
that abnormal macrophage function could ex-
plain in vivo and in vitro defects of CMI. These
studies also may have therapeutic implications
for diabetic patients with disseminated or deep-
seated fungal disease. Along with better diabetic
control and antibiotics, immunological agents
such as transfer factor or immunoadjuvants may
have a role in bolstering or augmenting CMI.
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