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ABSTRACT

Tumor necrosis factor - alpha
(TNF-a) is a pleiotropic cytokine de-
rived from activated macrophages
and other cells, and proved to have
tremendously diverse functions. Long
term experimental diabetes has been
found to be associated with enhanced
serum TNFa activity.

We attempted to study the serum
TNF-a levels in insulin-dependent dia-
betes mellitus (IDDM) and non-
insulin-dependent diabetes mellitus
(NIDDM) patients, to find out any pos-
sible correlation between TNF-o lev-
els and the duration of diabetes, and
abnormalities of serum lipid pattern.

This study was performed on non-
smoker male subjects comprising

175

three groups. Group 1 included 33
IDDM patients, group 2 included 30
NIDDM patients and group 3 included
25 healthy control individuals. All pa-
tients and control subjects were age
matched and selected from the atten-
dants of the Outpatient Clinic of Inter-
nal Medicine Department, Mansoura
University Hospital.

. The results of the present study
revealed a significant increase of total
cholesterol, LDL cholesterol and tri-
glycerides levels in diabetic patients
compared to control group, and a sig-
nificant increase of triglycerides levels
in IDDM compared to NIDDM pa-
tients.

As regards serum TNF-a there is a
significant increase in its level in dia-

MANSOURA MEDICAL JOURNAL
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betic patients compared to control
subjects, and at the same time, there
is a significant increase of TNF-a lev-
el in IDDM compared to NIDDM pa-
tients. Also, TNF-a. shows a positive
significant correlation with serum level
of triglycerides and total cholesterol in
both IDDM and NIDDM, while it
shows a significant positive correla-
tion with LDL cholesterol in IDDM pa-
tients only. TNF-a also, shows a sig-
nificant positive correlation with C-
peptide in NIDDM patients, while it
doesn't show any significant correla-
tion with C-peptide in both IDDM and
healthy control subjects. As regards
duration of diabetes, TNF-a shows a
significant positive correlation with the
duration of the disease in both IDDM
and NIDDM.

From the data of the present study
we can suggest that the release and
action of TNF-a is altered in diabetes
mellitus. It could be concluded that
TNF-a has a pathogenic and pathog-
nomonic role in diabetic patients
whether IDDM or NIDDM, and that
serum TNF-a levels are increased
and strongly positively correlated with
the duration of diabetes, and serum
lipid pattern abnormalities. This may
allow for treatment of disorders involv-
ing resistance to insulin.

Vol. 30, No.1& 2 Jan. & April, 2000

INTRODUCTION

Diabetes mellitus is among the
most common metabolic disorders in
the world and is considered a major
cause of morbidity and mortality
(Nathan, 1993). Diabetic patients
show increased levels of circulating
modified lipoproteins and enhanced
oxidation of their plasma LDL (Babiy
et al., 1992). Control of glycemia in
non insulin dependent diabetes mellit-
us (NIDDM) rarely corrects complete-
ly the alteration in lipid metabolism,
suggesting a participation of environ-
mental and genetic factors (Sheu et
al., 1993). Also, Pandey et al. (1999)
postulated that NIDDM is a complex
disease with a very high degree of he-
ritability.

Insulin dependent diabetes mellit-
us (IDDM) is a T-cell mediated auto-
immune disease localized to the pan-
creas that occurs spontaneously in
genetically predisposed individuals
(Castano and Eisenbarth, 1990). Be-
cause the etiology of IDDM is thought
to be autoimmune, several clinical
trials have utilized immunosuppres-
sion to treat newly diagnosed diabetic
patients (Burke et al., 1994). At the
same time, Yang et al. (1994) report-
ed that TNF-a has a critical role in the

" early development of IDDM and that
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administration of anti-TNF-a monoclo-
nal antibodies resulted in complete
prevention of IDDM. Also, Netea st
al. (1997) suggested a proinflammato-
ry imbalance in newly diagnosed
IDDM patients and this may play an
important role in beta cell loss.

It is difficult to determine whether
abnormalities in the pattern of cyto-
kines production are primary or sec-
ondary to the pathological process in
IDDM (Cavallo et al., 1994). However,
Lorini et al. (1995) suggested that
aberrant tumor necrosis factor-alpha
(TNF-a) synthesis may contribute to
immune dysregulation thus favouring
the development of autoimmune dis-
ease. Also, Mandrup-Poulsen, (1996)
and Rabinovitch et al., (1996) reported
that cytokines are critical elements in-
volved in the process of initiating, pro-
moting and effecting B-cell dysfunction
and destruction in IDDM. Cytokines
released by both T-lymphocytes and
activated macrophages have been
implicated as immunological effector
molecules that both inhibit insulin se-
cretion from pancreatic B-cells and in-
duce beta cell destruction directly or
indirectly through reactive oxygen in-
termediates (Mandrup-Poulsen et al.,
1987; Corbett et al., 1993 and Nicolet-
i et al., 1998).

Long-term experimental diabetes

" has been found to be associated with

enhanced serum TNF-a activity
(Tanaka et al., 1992). Also, elevated
serum TNF-a levels have recently
been documented in NIDDM (Hussain
et al., 1996).

The objective of this work is to
study the serum TNF-a levels in
IDDM and NIDDM patients, and to
find out any possible correlation be-
tween TNF-o levels and the duration
of diabetes, and abnormalities of ser-
um lipid paitern.

SUBJECTS AND METHODS

This study was performed on non-
smoker male subjects comprising
three groups:
Group 1 : Included 33 IDDM pa-
tients, their ages range
from 24 to 48 years (mean
= 36.12).

Included 30 NIDDM pa-
tients, their ages range
from 33 to 53 years (mean
=43.5).

: Healthy control group
included 25 apparently
healthy individuals, their
ages range from 27 to 47
years (mean = 38.5).

All subjects in this study were se-

Group 2 :

Group 3

MANSOURA MEDICAL JOURNAL
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lected from aftendants of the Outpa-
tient Clinic of the Internal Medicine
Department, Mansoura University
Hospital.

All individuals in this study were
subjected to complete history taking,
and thorough clinical examination.
Any subject with hypertension, cardi-
ac disease, hepatic affection, acute or
chronic infection or malignancy was
excluded from this study. Also, all dia-
betic patients were receiving only
anti-diabetic regimen: Insulin therapy
for IDDM patients and Sulphonylurea
plus/or minus Metformin for NIDDM.

Laboratory investigations

All subjects were instructed to
come fasting for 12 hours on the day
of the study. A blood sample was col-
lected from each individual. Serum
was separated, and glucose and lip-
ids were determined on the day of
collection and the rest of serum was
divided into aliquots and stored at -
20°C until analysed for C-peptide,
and TNF-a. Also, a second blood
sample was collected from each indi-
vidual after 2 hours from intake of 75
g glucose load orally for determination
of post prandial blood glucose level
(World Health Organization, 1985).

- Fasting and post prandial blood

Vol. 30, No. 1&2 Jan. & April, 2000

glucose levels were determined by
glucose oxidase method (Trinder,
1969) using kits of Bio-Merieux Labor-
atory - France.

- Serum levels of total cholesterol
(Allain et al., 1974) HDL cholesterol
(Warnick et al., 1982) and triglyce-
rides (Wahlefeld, 1974) were estimat-
ed by Kits of Bio-Merieux Laboratory -
France.

- Serum LDL cholesterol was cal-
culated according to Friedewald et al.
(1972).

- Determination of serum C-
peptide by radicimmunoassay proce-
dure according to Kuzuya et al.
(1976) using Kits supplied by immu-
notech - France.

- Determination of serum TNF-o.
by an enzyme immunoassay proce-
dure (Kallmann et al., 1997) using
Kits supplied by Medgenix Diagnos-
tics S.A, Fleurus, Belgium.

STATISTICAL ANALYSIS

The data of this study were re-
corded and calculated on an IBM
Compatible PC using SPSS/PC* Sta-
tistical Package version 5 (SPSS Inc
Chicago IL). Comparisons between
groups were calculated using the
Mann-Whitney-p. test (Daly et al.,
1992). Also, Spearman's correlation

“coefficient (r) was used to study the
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correlation between circulating TNF-o
and the other variables. A value of P
< 0.05 was considered significant.

RESULTS

Table (1) reveals that there is a
significant increase of total choles-
terol, LDL cholesterol and triglyce-
rides levels in diabetic patients com-
pared to control group (P = <0.001)
and significant increase of triglyce-
rides level in IDDM patients compared
to NIDDM (P = 0.006) while there is a
non significant difference between
IDDM and NIDDM as regards total
cholesterol, HDL cholesterol and LDL
cholesterol.

As regards C-peptide levels table
(1) reveals a significant decrease in
IDDM patients compared to NIDDM
and control subjects while there is a
significant increase of serum C-
peptide level in NIDDM compared to
control subjects (P = <0.001).

As regards serum TNF-o there is a
significant increase in its level in dia-
betic patients compared to control
subjects, and at the same time there
is a significant increase in TNF- level
in IDDM patients compared to NIDDM
(P = <0.001).

It is clear from table (2) that

TNF-a level is positively correlated
with fasting and post prandial blood
glucose levels in IDDM and NIDDM
(P = <0.001) while not significant with
sugar levels in healthy control.

As regards serum lipid levels TNF-
o shows a positive significant correla-
tion with total cholesterol in IDDM (r =
0.650, P = <0.001) and NIDDM (r =
0.376, P = 0.041), while it shows a
significant positive correlation with
LDL cholesterol in IDDM only (r =
0.542, P = 0.001). Also, TNF-a shows
a significant positive correlation with
triglycerides levels in IDDM (r =
0.409, P = 0.018) and NIDDM (r =
0.447, P = 0.013), while there is a non
significant correlation with the other
lipid parameters in all groups.

Also, TNF-a level shows a signifi-
cant positive correlation with C-
peptide in NIDDM patients (r = 0.644,
P = <0.001) while it doesn't show any
significant correlation with C-peptide
in both IDDM patients and control
subjects.

As regards duration of diabetes,
TNF-o shows positive correlation with
the duration of the disease in both
IDDM (r = 0.694, P = <0.001) and
NIDDM (r = 0.808, P = <0.001).

MANSOURA MEDICAL JOURNAL
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Table (1) : Comparison of the serum levels of different biochemical parameters in the studied

groups.
Variables Group (1) | Group (2) | Group (3) P Value
1DDM NIDDM Control
n=33 n=30 n=25 | vs2 lvs.3 | 2vs.3

Fasting Bl. Glucose | 256.70 157.27 82.52 <0.001 | <0.001 | <0.001
(mg/dL) +46.32 121.74 15.95

Post prandial Bl 295.67 219.97 107.36 <0.001 | <0.001 | <0.001
Glucose (mg/dL) 148.33 $30.68 19.14

Total Cholesterol| 221.00 218.87 188.64 N.S <0.001 | <0.001

(mg/dL) +18.08 187 $16.10
HDL cholesterol 40.88 4167 45,72 N.S. <0.001 | 0.003
(mg/dL) 13.19 +3.66 15.18

LDL cholesterol| 142.58 143.90 124.72 N.S. | <0.001 | <0.001

(mg/dL) $19.70 1939 | 11088

Triglycerides 188.18 16533 | 10700 | 0006 | <0.001 | <0.001

(mg/dL) 133.04 2187 | 1124

C-peptide (ng/ml) 0.61 4.04 227 <0.001 | <0.001 | <0.001
10.18 +0.86 0.36

TNF-(pg/mi) 25.45 17.57 9.08 <0.001 | <0.001 | <0.001
+4.77 428 229

- Data are expressed as mean + standard deviation (S.D.) of mean.
- N.S. = Non significant. .

Vol. 30, No. 1 &2 Jan. & April, 2000
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Table (2) : Correlation study between serum TNF-o level and all different variables
in the studied groups.

Variables Group (1) Group (2) Group (3)
IDDM NIDDM Control
n=33 n=30 n=25

Fasting BI. glucose
r= 0.689 0.714 -0.174

P value <0.001 <0.001 N.S.

Post prandial Bl. glucose
r= 0.689 0.566 -0.205
P value _ <0.001 <0.001 N.S.

Total cholesterol

r= 0.650 0.376 -0.085
P value <0.001 <0.001 N.S.
HDL cholesterol
r= 0.199 0.077 -0.181
P value N.S. N.S. N.S.
LDL cholesterol
r= 0.542 0.266 0.040
P value 0.001 N.S. N.S.
Triglycerides
r= 0.409 0.447 -0.218
P value 0.018 0.013 N.S.
C-peptide
r= 0.075 0.644 0.262
P value N.S. <0.001 N.S.

Disease duration (year)

r= 0.694 0.806 -
P value <0.001 <0.001 -
r = Correlation coefficient

N.S. = Non significant

MANSOURA MEDICAL JOURNAL




;2 STUDY OF CIRCULATING TUMOR NECROSIS  efc...

DISCUSSION
TNF-a is a pleiotropic cytokine
derived from activated macrophages
and other cells, and proved to have
tremendously diverse functions
(Vilcek and Lee, 1991).

To determine whether chronic hy-
perglycemia causes increased levels
of serum cytokines (TNF-a, IL-1-a
and IL-1-B), Mooradian et al. (1991)
reported that except for a modest in-
crease in the prevalence of detectable
serum TNF-a levels in diabetic pa-
tients, the other cytokines did not ap-
pear to be altered in diabetes. On the
other hand, Morohoshi et al. (1996)
reported that hyperglycemia may
have a stimulatory effect on IL-6 and
TNF-a production by human peripher-
al blood monocytes in poorly con-
trolled diabetic patients at the level of
mRNA transcription and turnover.

Tanaka and his coworkers (1992)
suggested that factor(s) associated
with long term diabetic state (whether
IDDM or NIDDM) may prime macro-
phages to produce TNF-a. At the
same time, Foss and his colleagues
(1992) postulated that TNF-c levels
progressively increased from well-to
poorly controlled diabetics which sug-
gests a relationship between the

Vol. 30, No. 1&2 Jan. & April, 2000

levels of the cytokine and protein
glycosylation.

The macrophage-derived TNF-a
release is caused by the accumu-
lation of cholesterol esters in the ma-
crophages due to immunogenic action
of modified lipoproteins (oxidized and
glycated lipoproteins) which are
present in the diabetic state (Lopes-
Virella and Virella, 1996).

Netea et al. (1997) and Rabino-
vitch (1998) reported that TNF-c, IL-
1-B and IFN-y may be directly cytotox-
ic to pancreatic beta cells by inducing
nitric oxide (NO) and free radicals, so
they are important for pancreatic is-
lets B-cell lysis in IDDM. So, the in-
crease of TNF-o levels leads to NO
generation and NO-mediated injury,
thus leading to progress of the IDDM
disease and occurrence of complica-
tions (Hotamisligil et al., 1997).

The results of the present study
revealed that serum TNF-o. concen-
trations were significantly higher in
IDDM group compared to healthy
control. This is in agreement with the
previous results of Hussain et al.
(1996). This indicates that TNF-a is
implicated in the pathogenesis of

" IDDM, and coincides with the hypoth-
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esis of Limb et al. (1999). Also, Obay-
ashi et al. (1999) reported that TNF-o
gene is located in the HLA region and
has been implicated in the pathogen-
esis of type | diabetes mellitus
(IDDM).

Also, recent studies have shown
that IDDM is associated with an in-
crease in protein-tyrosine phospha-
tase activity which leads to over ex-
pression of major histocompatibility
(MHC) class | molecules. In addition
cytokines may sensitize beta cells to
T-cell mediated cytotoxicity by upreg-
ulating MHC class | expression on the
beta cell, and concomitant destruction
of pancreatic beta cells (Rabinovitch,
1998 and Holden et al., 1999).

On the contrary, Ohno et al.
(1993) reported that the TNF-a pro-
duction by in vitro cultured monocytes
did not differ between IDDM patients
and normal subjects. On the other
hand, they recorded that the TNF-«
production was significantly higher in
NIDDM patients than in IDDM and
normal subjects.

Increased lipoprotein oxidation in
diabetes (or in states of chronic hy-
perglycemia) may be responsible for
~ the increase in expression of circulat-

ing adhesion molecules and the pro-
duction of TNF-a which is a key medi-
ator of insulin resistance in NIDDM
subjects (Ohno et al., 1993 and Hus-
sain et al., 1996).

Although the results of our study
revealed that TNF-a levels in NIDDM
are significantly lower than IDDM, sig-
nificant higher levels of TNF-a in
NIDDM compared to control group
were demonstrated. This is previously
documented by Atlan Gepner et al.
(1996) who reported that the produc-
tion of TNF-o. by the macrophages of
the diabetic patients in presence of in-
sulin were dramatically increased in
comparison with control subjects.
Also, Pfeiffer et al. (1997), Desfaits et
al. (1998) and Nilsson et al. (1998)
demonstrated a slight but significant
increase in serum TNF-o levels in
NIDDM patients as compared with
control subjects.

The selective enhancement of
monocyte TNF-a production in
NIDDM patients may theoretically
contribute to the pathogenesis of ath-
erosclerosis associated with NIDDM
(Desfaits et al., 1998).

The elevated TNF-o initially in-
creases, and then inhibits, the activity

MANSOURA MEDICAL JOURNAL
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of a number of key enzymes includ-
ing: protein-tyrosine kinase and pro-
tein-tyrosine phosphatase. Of primary
importance is the inhibiting effect of
TNF-a. on protein-tyrosine Kinase,
since this induces insulin resistance in
NIDDM (Holden et al., 1999)

Elevated levels of the stress hor-
mones, glucorticoids and epinephrine,
are observed in animals infused with
TNF-o. and rendered insulin-resistant,
both of these hormones can cause in-
sulin resistance (Douglas et al.,
1991). TNF-a induced-insulin resis-
tance could be attributed to inhibition
of the insulin-stimulated glucose up-
take due to transcriptional suppres-
sion of the transporter GLUT4 gene
and due to impaired autophosphoryla-
tion of the insulin receptor
(Hotamisligil et al., 1994). In addition
to its chronic inhibitory effects on the
basal and insulin-mediated glucose
uptake, acute TNF-o treatment rapidly
blocks insulin-stimulated glycogen
synthesis (Begum and Ragolia,
1996).

Ciaraldi et al. (1998) studied the
effects of TNF-a. on glucose uptake
and glycogen synthase activity in hu-
man skeletal muscle cell cultures from
non diabetic and NIDDM subjects.

Vol. 30, No. 1&2 Jan. & April, 2000

They reported that both acute and
prolonged treatment with TNF-c. up-
regulate glucose uptake activity by el-
evation of glucose transporter-1 pro-
tein in human muscle cells, but re-
duce glycogen synthase activity. Also,
they postulated that the increased
skeletal muscle glucose uptake in
conditions of TNF-o. excess may
serve as a compensatory mechanism
in the insulin resistance in NIDDM.

Recently, Winkler et al. (1998) and
Zinman et al. (1999) reported that in-
dividuals with normal glucose toler-
ance had lower TNF-a concentrations
than those with impaired glucose tol-
erance or type 2 diabetes mellitus
(NIDDM). Also, they concluded that
circulating TNF-o. concentrations are
positively correlated with insulin resis-
tance, and the possible role of TNF-a
in the pathophysiology of insulin resis-
tance.

The results of the present study,
revealed a highly significant corre-
lation between serum TNF-a and
C-peptide levels in cases of NIDDM,
at the same time, there was a non
significant correlation between TNF-a.,
and C-peptide levels in cases of
IDDM or healthy control. This is
in agreement with the previous
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results of Winkler et al. (1998).

As regards lipid metabolism, TNF-
0 causes an increase in serum trigly-
cerides and rarely low-density lipopro-
teins (LDL) in human and rats. The
observation that TNF-o. can modulate
triglyceride metabolism provides sup-
port for considering TNF-o locus as a
susceptibility genetic region in hyper-
triglyceridemia of NIDDM (Vendreli et
al., 1995). With respect to adipocytes,
TNF-o: causes a suppression of most
lipogenic enzymes including lipopro-
tein lipase and stimulation of lipolysis
(Hauner et al., 1995). The finding of
association between high plasma lev-
els of TNF-o and several metabolic
abnormalities characteristic for the in-
sulin resistance syndrome suggests
that TNF-a may be involved in the
pathogenesis of NIDDM (Nilsson et
al., 1998).

The results of the present work re-
vealed a significant positive correla-
tion between TNF-a levels and fasting
and postprandial blood sugar levels in
both IDDM and NIDDM. As regards
serum lipid pattern the results of the
present study revealed a significant
positive correlation with total choleste-
rol in both IDDM and NIDDM patients,
while it shows a significant positive

correlation with LDL cholesterol in
IDDM only. Also, TNF-o. shows a low
but statistically significant positive cor-
relation with triglycerides levels in
both IDDM and NIDDM patients.
These results are partially in agree-
ment with that of Nilsson et al. (1998)
who reported that TNF-« levels were
significantly related to fasting blood
glucose levels, serum triglyceride lev-
els and body mass index, while it is
inversely related to the high density
lipoprotein cholesterol levels.

On the contrary, Pfieffer et al.
(1997) reported that TNF-o correlated
with serum triglycerides levels in hea-
Ithy controls but not in NIDDM. While,
recently, Zinman et al. (1999) report-
ed a moderate, but statistically signifi-
cant, correlation between TNF-a and
fasting insulin, and triglyceride levels
in NIDDM patients.

As regards disease duration, the
results of the present study revealed
a significant positive correlation be-
tween serum TNF-a levels and the
disease duration in both IDDM and
NIDDM. This is previously document-
ed by Hussain et al. (1996) who re-
ported that patients with long standing
IDDM and NIDDM have significantly
higher TNF-o levels.

MANSOURA MEDICAL JOURNAL
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From the previous data, we can
conclude that the release and action
of TNF-a has been reported to be in-
creased in diabetes mellitus and
strongly positively correlated with the
duration of diabetes, and associated
abnormalities of serum lipid pattern.
So, it can be suggested that TNF-a
has a pathogenic and pathognomonic
role in diabetes mellitus. This may al-
low for treatment of disorders involv-
ing resistance to insulin.
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