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TNF-a and homocysteine levels in
type 1 diabetes mellitus
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ABSTRACT The role of homocysteine as an independent risk factor for vascular endothelial damage, and
the possible link between homocysteine and tumour necrosis factor-alpha (TNF-o) as two synergistic risk
factors for beta-cell apoptosis in type 1 diabetes mellitus was studied. Plasima homouysleine levels were
significantly elevated in all diabetic patients compared with controls and diabetic patients with vascular
complications showed higher elevations. Furthermore, homocysteine levels showed significant positive
correlation with the degree of microalbuminuria. TNF.r lavels ware alevated in all diabetic patients compared
with controls. These results may have therapeutic implications.

Taux de TNF-a et d’homocystine dans le diahéte sucré de type 1

RESUME Le rdle de 'homocystine en tant que facteur de risque indépendant des lésions endothéliales
vasculaires, et le lien éventuel entre 'homocystine et le facteur nécrosant des tumeurs aipha (TNF-¢) en tant
que deux facteurs de risque synergiques d’apoptose des cellules béta dans le diabéte sucré de typs 1 ont
ete étudiés. Les taux d’homocystine plasmatique etaient considérablement élevés chez tous les patients
diabetiques par rapport aux iémoins et les patients diabétiques ayant des complications vasculaires af-
fichaient des elévations plus importantes. Par ailleurs, les 1aux d’homocystine montraient une corrélation
positive avec le degré de microalbuminurie. Les taux de TNF-« étaient élevés chez tous les patients
diabétiques par rapport aux témoins. Ces résultats peuvent avoir des implications thérapeutiques.
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Introduction

Homocysteine (Hey) is a sulfur-containing
amino acid that accumulates in the genetic
disorder homocysteinaemia as a conse-
guence of decreased activity of enzymes
involved in Hey metabolism [/]. Human
plasma contains both reduced (homocys-
teine) and oxidized (homocystine) species
of Hey. Disulfide forms also exist with cys-
teine or proteins containing reactive cys-
teine residues (protein-bound Hey). The
latter oxidized forms are referred to as
mixed disulfides. The oxidized forms of
Hecy usually comprise 98%-99% of total
Hcey in human plasma, 80%-90% of which
is protein-bound [2]. Hey concentration in
the plasma of healthy adults ranges from
5 pmol/L to 15 pmol/L and a plasma Hcy
concentration exceeding 15 pumol/L is now
termed hyperhomocysteinaemia. Hyperho-
mocysteinaernia has been identified as an
independent risk factor for atherosclerosis,
including coronary artery discase, cere-
brovascular disease, peripheral vascular
disease and thromboembolism [3].

Progressive vascular disease of the
large and small vessels is characteristic of
diabetes. Microvascutar complications of
diabetes have a complex pathogenesis in-
volving dysfunction of and damage to vas-
cular endothelial cells. Vascular endothelial
cells are sensitive to stimulatory factors
such as increased glucose concentrations,
oxidative stress and advanced glycation
endproducts [4].

Accumulating evidence suggests that
around 35% of people with type 1 diabetes
mellitus have hypethomocysteinaemia [5].
Hcy may produce vascular endothelial
damage in vessels exposed to advanced
glycation endproducts by several mecha-
nisms, including induction of oxidative
stress [6], impaired generation of nitric ox-
ide [7,8] and decreased anticoagulant en-

dothelial properties with suppression of
thrombomodulin expression in endothetial
cells [9]. Thrombomodulin is predominant-
ly expressed in vascular endothelial cells
and is an important anticoagulant receptor
for thrombin. A soluble form of thrombo-
modulin, most probably released after en-
dothelial cell damage, is found in serum and
plasma of diabetic patients and corrclatcs
with microvascular complications [/0].

It is well known that type | diabetes
mellitus is a T cell-dependent autoimmunc
disease resulting in selective destruction of
beta cells of the islets of Langerhans with
subsequent programmed cell death, i.c. ap-
optosis [/7]. Tumour necrosis factor-alpha
(TNF-) is invelved in the apoptotic path-
ways that are implicated in the beta-ccll de-
struction. Ratter et al. proved that
S-adenosyl-L-homocysteine potentiates
TNF-c-mediated cytotoxicity in vive and
in vitro, via blockage of the methylation of
prenylated proteins in the mitochondrial
membranes [72].

The aim of this work was to study the
relationship between TNF-¢ and Hey in
type 1 diabetic patients with and without
microvascular or macrovascular complica-
tions.

Methods

Forty-five (45) type 1 diabetic patients se-
lected from the diabetes mellitus outpatient
clinic at Abo El-Reish were recruited for
this study. Fitteen (15) healthy individuals
were also recruited as controls. The partic-
ipants were divided into four groups:

»  Group I: 15 healthy control individuals

* Group II: 15 type 1 diabetic patients
without microvascular or macrovascu-
lar diabetic complications

* Group III: 15 type 1 diabetic patients

with microalbuminuria
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* Group IV: 15 type ! diabetic patients
with other microvascular or macrovas-
cular complications, such as retinopa-
thy, neuropathy or cardiac autonomic
neuropathy.

For each participant, a complete medi-
cal history was taken and clinical examina-
tion was carried out and the following
parameters were evaluated: lipid profile in-
cluding triglycerides (TG), cholesterol,
low-density lipoprotein cholesterol (LDL-
C) and high-density lipoprotein-cholesterol
(HDL-C) [13-16]; glycosylated haemoglo-
bin, HbAlc [77]; microalbuminuria [18];
plasma Hey by enzyme-linked immunoas-
say [/9]; and plasma TNF-ot by solid
phase, two-site chemiluminescent enzyme-
linked immunoassay using an IMMULITE
automated analyser [20].

Results

The resulta of the study are summarized in
Table 1. There was a significant elevation
of plasma Hcy levels in all the diabetic pa-
tients compared with the control group (P
< 0.0001). Diabetic patients with vascular
complications exhibited significantly great-
er elevation in Hey levels than diabetic pa-
tients without vascular complications (P <
0.0001). TNF-o was also significantly
raised in all diabetic patients compared with
controls (P < 0.002). Diabetic patients with
other vascular complications were signifi-
cantly alder (P < 0.05) and had a longer
duration of diabetes (P < 0.001) than those
without vascular complications,

Diabetic patients with microalbuminuria
had a longer duration of diabetes (P < (.02)
than those without vascular complications.
There was a significant elevation of HbAl¢
levels in all diabetic patients studied com-
pared to controls (P < 0.0001). However,
the difference in HbAlc levels in diabetic

patients with vascular complications, i.e.
Groups IHI and IV, versus diabetic patients
without vascular complications, was not
significant. There was a significant positive
correlation between the increase in Hey
levels and the degree of microalbuminuria
(r=0.946, P < 0.001).

There was a non-significant correlation
between Hcy levels and the age ol the pa-
tients, duration of diabetes, level of HbAlc,
lipid profile and TNF-ot levels. There was a
significant positive correlation between the
increase in TNF-q levels and the elevation
in HbAle (r=0.539, P<0.001), cholester-
ol levels (r = 0.307, P < 0.05) and LDL-C
levels (r=0.312, P < 0.05). In conirast, the
correlations between TNF-¢ levels and age
ot the patients, durafion of diabetes, Hcy,
TG, HDL-C and the degree of microalbu-
minuria were not significant.

'I'he percentage of diabetic patients with
hyperhomocysteinaemia was 883.88% (40/
45). Among the patients with microalbu-
minuria, the percentage with hyperho-
mocysteinaemia was 86.66% (13/15). The
proportion with hyperhomocysteinaemia
among patients with other vascular compii-
cations was 100% (15/15), and among pa-
tients without vascular complications
73.33% (11/13). Elevated TNF-t levels
were found in 66.66% of all diabetic pa-
tients (30/45), in 73.33% (11/15) of those
without microvascular complications,
66.66% (10/15) of those with other vascu-
lar complications and 66.66% (10/15) of
those with microalbuminuria.

Discussion

Homocysteine is a thiol-containing amino
acid, produced by intracellular demethyia-
tion of methionine. Remethylation of Hey
to methionine is catalysed by B ,-dependent
methionine synthase in the presence of 5-
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Table 1 Comparison of age, sex, duration of diabetes and biochemical parameters between
type 1 diabetic patients with and without microvascular or macrovascular diabetic

complications versus conirol subjects

Variable Group | Group |l Group Iil Group IV
Control Type 1 diahetic Type 1 diabetic Type 1 diabetic
subjects without subjects with subjects with
vascular microalbuminuria  other vascular
complications complications
No. 15 15 15 15
Sex (M/F) 87 877 8/7 7/8
Age (years) 13.2113.20 13.71 +4.26 15.67 +3.86 17.78 + 513"
Buration of
diabetes (years) - 548 +3.22 9.03 +4.43" 12.21 £ 5.84°
Homocysteine
(nmoliL) 11.10+ 2.56 20.10 + 3.24° 30.16 + B.05*" 27.37 +2.718b
TNF-u, (py/miL) 6.6141.97 14.00 + 10.67¢ 17.92 + 21.34% 12.82 +£7.48°
HbA1c% 6.73+0.96 953+1.18° 12.06 £ 7.772 12.23+7.742
Triglycerides (mg/dl) 116.73 +23.53 128.06 + 24.81 150.07 + 14.827° 127.06 + 26,18
Cholesterol (mg/dL)  169.33+32.17 176.00+32.34 192.53 + 27.707 161.85 1+ 35.99
LDL-C {mg/dL) 106.93 + 268.00 118.31 +33.78 122.98 + 23.06 116.98 + 11.41
HDL-C (mg/dL) 54.13+14.63 37.28+5.772 41.16 1 3.072F 37.10+3.117
Microalbuminurig
{1Lg/mg creatinine) 11.33+4.29 5223+ 21.20° 13.1214.19

*Zignificant at P < 0.05 comparing all diabetic grotips versus cantrol group.
*Significant at P < 0.05 comparing diabetic patients with microalbuminuria or other complications versus

diabetic patients without vascular complications.
Resulls are expressed as mean + standard deviation.
TNF-a = tumour necrosis factor-alpha.

LDL-C = low-density iipoprotein cholesterol.

HDL-C = high-density lipoprotein cholesterol.

methyl-tetrahydrofolate. The latter is the
product of the reduction of 5-10-mcthyl-
ene-tetrahydrofolate by methyiene tetrahy-
drofolate reductase. Homocysteine also
enters the catabolic trans-sulfuration path-
way, where it is converted to cysteine by
two sequential enzymatic reactions cataly-
sed by cystathionine B-synthasc and cys-
tathionase [27].

Genetic defects in enzymes involved in
the methylation or trans-sulfuration path-

ways lead to classic homocysteinuria. Indi-
viduals with this genetic disease have cle-
vated plasma Hcy levels. Within the past
few years several studies in vive and in vit-
ro havc proved that hyperhomocystein-
aemia induces vascular endothelial damage
with subsequent atherogenic and thrombo-
genic cffccts [22, 23], More recently, Rat-
ter et al. reported a novel apoptogenic
effect of Hey through potentiation of TNF-
o-induced cytotoxicity [72].
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The demographic data of our study
show that diabetic paticats of Group IV
(with other vascular complications) were
older (P < 0.05) and had a longer duration
of diabetes (P < 0.001) than diabetic pa-
tients without vascular complications, i.e.
Group II. On the other hand, diabetic pa-
ttents with microalbuminuria (Group III
had a longer duration of diabetes than those
without vascular complications (P < 0.02),
a finding consistent with the fact that vas-
cular complications of diabetes occur after
a prolonged period without adequate gly-
caemic conirol. HbAlc levels were found
to be significantly elevated in all diabetic
groups studied compared to controls (P <
0.0001}.

Plasma levels of Hey were significantly
elevated in most (88.88%) of the diabetic
patients whether or not they had complica-
tions. A signilicant positive correlation was
noticed between the elevation of plasma
Hey and the degree of microalbuminuria,
wheteas there was a nos-significan: corre-
lation between plasma Hcy levels and gly-
cated proteins, lipid profile, duration of
diabetes, age of the patients and TNF-o
levels. Hyperhomocysteinaemia was more
frequently found in patients with microal-
buminuria: 80.0% of microalbuminuric pa-
tients compared to 73.33% of normoal-
buminuric patients. These observations are
in agreement with data obtained by [lof-
mann et al. [5] and Jacobsen [27].

Several hypotheses have been proposed
to cxplain the mechanisms of Hey-induced
vascular endothelial damage. Wang et al.
reported that Hey inhibited the growth of
vascular cndothcelial cclls by a mechanism
involving decreased carboxymethylation of
p21™ [24]. Upchurch et al. stated that Hey
dcercased the cxpression of glutathione
peroxidase and nitric oxide synthase in bo-
vine aortic endothelial cells, with impair-
ment of cndothclium-mediated vasodilation

[25]. Furthermore, Tsai et al. proved that
Hey was mitogenic for smooth muscle
cells by a mechanism involving synergistic
induction of cyclin mRNA expression by
serum, with subsequent accumulation of
matrix proteins [26]. Apolipoprotein(a} is
increased in type 1 diabetic patients with
nephropathy [27] and the affinity of
lipoprotein(a) for fibrin is increased by the
presence of Hey, leading to lipoprotein (a)-
mediated impairment of fibrinolysis and
atherosclerosis [28}. Furthermore, Hey
promotes low-density tipoprotein oxidation
[8].

Hcy has also been shown to stimulate
collagen production in cultured aortic
smooth muscle cells [29]. Jacobsen
showed that Hey upregulated the expres-
sion of the chemokine monocyte chemoat-
tractant protein-1 in cultured human aortic
endothelial cells [27]. On the other hand,
Hey oxidation products that include reac-
tive oxygen species directly alter vascular
cell functions {271

All these effects induce atherogenesis.
Hey also has thrombogenic effects, de-
creasing anticoagulant endothelial proper-
ties with suppression of thrombomodulin
expression in endothelial cells [9].

Colwell [#] and Hofmann et al, [5] re-
ported a high prevaience of hyperho-
mocysteinaemia in patients with type 1
diabetes mellitus. Diabetic patients with hiy-
perhomocysteinacmia also have a signifi-
cantly higher incidence of macrovascular
and microvascular complications than
those with normal Hey levels. These obser-
vations agree with our data of a high inci-
dence of macrovascular or microvascular
diabetic complications among hyperho-
mocysteinaemic patients (86.66% in those
with microalbuminuria and 100% in thosc
with other vascular complications), where-
as only 6.66% of patients with normal lev-
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els of homocysteine have microvascular di-
abetic complications.

TNF-0 has been implicated in several
apoptotic pathways that are involved in the
destruction of islets of Langerhans beta-
cells [/7]. TNF-a-induced cylotoxicity
originates in the TNF-« receptor-1 (55-60
kDa) signal transduction pathway, which in
turn recruils caspase-8 (o the receptor
complex [30,31]. Caspase-8 is considered
to play a role in the activation of other pro-
teascs that are responsible for cell death,
More recently, TNF-a-mediated cell death
has also been shown to occur independent-
ly of caspase [32]. TNF-a-induced cylo-
toxicity also involves the G-protein-
coupled activation of phospholipase A2
[33], the generation of reaclive oxygen in-
termediates [34] and DNA damage [35].
Moreover, it has been shown that TNF-qy
induces the opening of mitechondrial per-
meability transition pores resulting in dissi-
pation of the mitochondrial transmembrane
potential [36].

Several investigators have reported en-
hanced expression of cytokines, including
TNE-¢, in both paticnts and healthy first-
degree relatives of patients with type 1 dia-
betes mellitus [20,37,38]. These findings
agrce with our results showing significant
elevation of TNF-qin 66.66% of all diabet-
ic patients. Altered levels of TNT-o expres-
sion in type 1| diabetic paticnts may
contribute to the insulin resistance that has
been described in diabetes mellitus and a
number of other diseases, including cancer,
sepsis, endotoxaemia and alcoholism, and
in trauma [39]. One mechanism that has
been suggested for TNF-a-induced insulin
resistance is the inhibition of the insulin re-
ceptor’s autophosphorylation signal and a
loss of its ability to phosphorylatc, on ty-
rosine residues, its major substrate insulin
receptor substrate-1 {40]. More recently,
TNF-tx has been reported to inducc scrinc

phosphorylation of insulin receptor sub-
strate-1 which in turn prevents the insulin
receptor from phosphorylating this sub-
strate in adipocytes and hepatocytes [4/].

Furthermore, Ahmad and Goldstein re-
ported that TNF-& mediates insulin resis-
tance through modulation of expression of
specific protein tyrosine phosphatase that
has been implicated in the regulation of in-
sulin receptor signalling {42]. Increased
abundance of protein tyrosine phophatase
modulates the action of TNF-¢ to inhibit
signalling. The authors proved that TNF-o
dose-dependently decreased ligand-stimu-
lated autophosphorylation of insulin recep-
tors and insulin-stimulated insulin receptor
substrate-1 phosphorylation in cultured
KRC-7 and hepatoma cells. Conversely,
Stephens et al. reported that TNF-o-in-
duced insulin resistance is accompanied by
4 reduction in the expression of insulin re-
ceptors {50%), its major substrate insulin
receptor substrate-1 (80%), and the insulin
responsive glucose transporter GLUT 4
(80%), without loss of insulin receptor-
mediated signal transduction in 3T3 adipo-
cytes [39]. The different biochemical
effects of TNF-o in different cell lines are
thought to result from altered gene expres-
sion that oflen [Lllows the activation of the
STATS (signal transducers and activators
of transcription) family of transcription
factors [39].

Feugeas et al. studied the influence of
metabolic and genetic factors on TNF-o
production in type 1 diabelic patients [43].
They reported that poor glycaemic controt
(HbAlc > 8%) is associated with enhanced
TNT-&¢ production by peripheral blood
mononuclear cells. This finding concurs
with our demonstration of a significant
positive correlation beiween TNF-u levels
and ibAlc levels (P < 0.001). Further-
more, Feugeas et al. found that the pres-
cnce of the TNF-al allele in the
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microsatellite region in HLA-(DR3) sub-
jects was associated with an increased risk
of type 1 diabetes mellitus [43].

More recently, Ratter et al. showed a
novel effect of the cellular methylation
state on TNF-o-mediated cytotoxicity
[12]. The authors proved that S-adenosyl-
L-homocysteine accurnulates in individuals
with hyperhomocystecinacmia and as a con-
sequence decreases the cellular methylation
state, i.e. the ratio of S-adenosyl-methion-
ine to S-adenosyl-L-homocystecine, This
decrease leads to inhibition of isoprenyl-
cysteine-carboxyl-methyl-transferase that
catalyscs the carboxymcthylation of C-ter-
minal cysteine residues on isoprenylated
proteins on mitochondrial membrane, This
fact suggcsts that the methylation statc of
prenylated proteins is important in TNF-o-
mediated cytotoxicity. Blockage of methy-
lation rcactions was associated with
enhancement of the TNF-o-induced dis-
ruption of the mitochondrial membrane po-
tential and increascd cell death {44].

Proteins that have C-terminal modifica-
tions include members of the RAS super-
family, such as thc A subunit of the

heterotrimeric G-binding proteins. Many of
these proteins are involved in signal trans-
duction processes. For instance, the meth-
ylated forms of certain G-binding proteins
effectively activate enzymes such as phos-
phoinositol-3-kinase and phospholipase C-
B, while their unmethylated counterparts
are virtually inactive [45,46]. Moreover,
phospheinesitol-3-kinasc and phospholi-
pase C-B are implicated in a pathway that
conveys survival signals from various cell
surfaces to mitochondria [47].

We conclude that the hyperhomocys-
teinaemia found in diabetes has two major
consequences. [irst, it induccs vascular
endothelial damage that leads to microvas-
cular and macrovascular diabetic compli-
cations. Sccond, hyperhomocystcinacmia
has a novel apoptogenic affect through po-
tentiation of TNF-¢-induced cytotoxicity.
Thesc results may therefore have therapeu-
tic implications. We recommend dietary
supplementation with folate, vitamin B ,,
B,, cholinc or betaine at the recommended
dosage for all diabetics with elevated Hey
levels [48,491.
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