Plasma endogenous enkephalin levels in early systemic sclerosis:
clinical and laboratory associations
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ABSTRACT

Objective. Met- and leu-enkephalins
are endogenous opioid neuropeptides
with potent analgesic, vasoactive, im-
munomodulatory and anti-apoptotic
properties. We hypothesised that clini-
cal or immunological variables of early
systemic sclerosis (SSc) might be corre-
lated to plasma enkephalin levels.
Methods. Plasma samples were col-
lected at study entry of the Genetics ver-
sus Environment in Scleroderma Out-
comes Study (GENISOS) cohort (early
SSc, n=116). Plasma met-enkephalin
and leu-enkephalin levels (ug/ml) were
measured by high performance liquid
chromatography (HPLC) and corre-
lated to clinical and laboratory pa-
rameters in the GENISOS database.
Statistical analyses were performed by
nonparametric Wilcoxon rank sum tests
and Pearson correlation coefficients.
Results. Significantly lower plasma
met-enkephalin levels were associ-
ated with anti-topoisomerase-1 sero-
positivity (6+8.3 vs. 14.9+22.8 ug/ml,
p=0.02). Plasma leu-enkephalin levels
were significantly higher in SSc pa-
tients with digital pulp loss (95.6+130
vs. 64.9+101 ug/ml, p=0.02). Lower
mean plasma met-enkephalin levels
and inversely higher leu-enkephalin
levels were noted in SSc patients with
Raynaud’s phenomena (p=NS).
Conclusion. The associations of plas-
ma enkephalin levels to immunologic
or clinical pathologies may underscore
their vasogenic or fibrogenic signifi-
cance and potential as therapeutic tar-
gets in early SSc.

Introduction

Systemic sclerosis (SSc, scleroderma)
is a multisystemic autoimmune disease
characterised by prominent widespread
small vessel vasculopathy and en-
dothelial damage with resultant fibro-
sis of skin and organs. Recurring epi-
sodes of vasoconstriction with tissue
ischemia, then reperfusion generates
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well known clinical signs of ischemic
vascular injury. These include Ray-
naud’s phenomenon, capillary damage,
digital ulcers, pitting scars and digital
pulp loss. Activation of myofibroblasts
contributes to obliterative narrowing of
arterioles and fibrosis of skin and or-
gans (Reviewed in 1, 2).

Recent studies in SSc have focused on
the impact of vasoactive mediators and
disease specific autoantibodies in the
initiation and persistence of vasocon-
striction, fibrogenic morbidity, luminal
narrowing and clinical progression (1,
2). Elevated levels of vasogenic me-
diators and receptor activation such as
endothelin-1 and endothelin A and B
receptors and norepinephrine and alpha
adrenergic receptors have potent va-
soactive influences on the endothelium
in SSc (3, 4). SSc specific anti-topoi-
somerase I antibody (TOPO-1) has
been associated with the promotion of
fibrogenic processes (4) and subsequent
fibrotic contractures in the digits (5).
The enkephalins are endogenous opioid
neuropeptides with potent analgesic,
vasoactive, immunomodulatory and
anti-apoptotic properties in the central
nervous system and peripheral tissues
(Reviewed in 6, 7). They are primary
ligands for p- and d-opioid receptors
and have increased expression in the
endothelium of injured tissue. Enkepha-
lins are recognised as prominent vasodi-
lators of small and medium-sized arter-
ies, especially in animal models of brain
injury (8). Thus, we hypothesised that
plasma endogenous enkephalin levels
might be associated with vasogenic or
subsequent fibrogenic changes in SSc
vasculopathy. In this study, we analysed
plasma enkephalin levels for significant
associations with clinical or serologic
variables that potentially impact vascu-
lar or fibrotic pathogenic processes in
patients with early SSc.

Material and methods
The research protocol was approved
by Institutional Review Boards and
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Table I. Association of plasma enkephalin levels to clinical variables.

General Clinical Research Centers of
participating universities and written
informed consent was obtained from
all subjects before study entry. The
GENISOS samples were patients with
early SSc who met American College
of Rheumatology diagnostic criteria
within 5 years of diagnosis, or onset of
the first symptom other than Raynaud’s
phenomenon, detailed elsewhere (9,
10). Patients were diagnosed with sys-
temic sclerosis (SSc) if they met the
ACR proposed classification criteria
(10). Assignment of diffuse cutaneous
SSc was further based on the proximal
distribution of skin involvement, that
is, thickened skin involvement detected
above the elbows or knees, exclusive of
involvement of the face (11). Nailfold
capillaroscopy was not performed as
part of the GENISOS study. The pa-
tients were enrolled throughout the year.
The catchment area of the three par-
ticipating university centres (UTMB,
UTH-HSC, and UTHSC-SA) roughly
encompasses a 500-mile area in South-
eastern Texas, with a latitude range of
29.3-29.75 degrees. The overall daily
temperatures range from 14-33°C (12).
All clinical visits were performed in
climate controlled buildings, usually
23-26°C for patient comfort. Plasma
samples (n=116) were aliquoted and
stored at -80°C until HPLC analysis
for enkephalin determinations was per-
formed by blinded investigators. For
HPLC analysis, thawed filtered samples
were subjected to reverse phase HPLC
with coulometric electrochemical de-
tection (ESA product 5010A) for met-
enkephalin and leu-enkephalin (13).
For statistical analyses, nonparametric
Wilcoxon’s rank sum test was used to
compare met- and leu-enkephalin levels
based on the presence or absence of clin-
ical or serologic manifestations. Pear-
son correlation coefficients were then
computed to examine the association
between plasma levels of met-enkepha-
lin and leu-enkephalin and continu-
ous demographic, clinical or serologic
variables such as age, skin score, mani-
festations of digital lesions, modified
health assessment questionnaire, short
form-36 physical component summary
(PCS) or mental component summary
(MCS) scores and tobacco use from

Scleroderma Variable Met-Enk, p-value Leu-Enk, p-value

Clinical Profile (n.) (ug/ml) (ug/ml)

Serum TOPO-1 Yes (23) 6.1+83 0.02 80.1 £99.1 0.35
No (93) 149+228 74.1+116.0

Loss of digital pulp Yes (37) 85+134 0.10 97.0+ 134 0.04
No (79) 148 +23 65.1+100

Raynaud’s phenomenon  Yes (109) 128+21.4 0.07 782+114.8 0.11
No (7) 16.6+59 259+292

Tendon friction rubs Yes (10) 35+32 0.06 128.3 £236.4 0.54
No (106) 140+21.7 70.0+92.0

Myositis Yes (5) 99+14.6 0.74 143+11.1 <0.05
No (111) 132+212 77.7+113

Telangiectasias Yes (27) 121+164 0.47 44.6 +58.9 0.09
No (89) 13.3+22.1 850+123.2

Diffuse cutaneous SSc Yes (65) 125+164 1.00 84.4 +128.1 0.72

Limited cutaneous SSc Yes (51) 13.8+£260 64.6 £90.6

Association of plasma enkephalin levels and clinical parameters in early SSc. Plasma samples and
clinical data were obtained from the baseline study visit of the GENISOS database. Plasma Met-
enkephalin and leu-enkephalin levels are expressed as mean values + standard deviation. The presence
(yes, “present today”) or absence (no) of the parameter at the time of the study visit is noted and the
(number) represents the number of patients in the database. The p-value demonstrates the level of sig-
nificance from univariate analysis. The number of samples with the present variable (“yes”) or absence
(“no”) for a clinical or laboratory variable are shown in parentheses () for those variable that were

present at the time of the study visit.

the GENISOS database at study entry.
Patients were assessed for disease mani-
festations by analysing study patients in
whom variables on the clinical mani-
festations form (CMF) were marked as
“present today”. Samples with deter-
minations for met- and leu-enkephalin
levels and responses for the available
database variables were analysed for
this study. Multiple linear regression
analyses were conducted to investigate
persistently significant differences after
controlling the effects of age, race and
gender. Data are presented as mean +
standard deviation unless otherwise
specified. A p-value <0.05 was consid-
ered significant. Power analysis was
performed to determine if our sample
size was adequate to attain significance
by multiple regression analysis (14).

Results

The racial/ethnic composition of the
SSc group was as follows: Caucasian,
47%; African American, 21%; His-
panic, 28% and others, 4%. The aver-
age age for SSc patients was 50.1+12.3
years. The percentage of females was
86%. The percentage with diffuse cu-
taneous involvement was 59%. The
percentage who used tobacco (smoked
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cigarettes) was 17%. The average total
skin score was 15.1+12.4.

Results of wunivariate analyses for
plasma enkephalin levels, autoantibod-
ies and clinical variables are shown in
Table I. The plasma met-enkephalin
levels were significantly lower in SSc
patients who were seropositive for
TOPO-I antibodies, compared to those
who were seronegative (6.1+8.3 wvs.
149422 8 ug/ml, respectively, p=0.02).
No significant correlations with plasma
met- and leu-enkephalin levels were
seen for samples seropositive for the
following autoantibodies: antinuclear,
anti-centromere, anti ribonucleotidase,
Th/TO, polymerase I, polymerase II,
polymerase III or anti-fibrillarin.

Mean plasma leu-enkephalin levels
were significantly higher in the pres-
ence of digital pulp loss, compared to
the patients without pulp loss, as shown
(97.0+134 vs. 65.1£100 ug/ml, respec-
tively, p=0.04). Mean plasma leu-
enkephalin levels were significantly
lower in the presence of myositis, com-
pared to the patients without myosi-
tis, as shown (14.3x11.1 vs. 77.7x113
ug/ml, respectively, p=0.047). Only
five patients had myositis at the time of
the visit.
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Mean plasma met-enkephalin levels
were modestly decreased in patients
who reported Raynaud’s phenomenon
(RP), compared to those who did not
(12.8+21.4 vs. 16.6+5.9 ug/ml, respec-
tively, p=0.07) The SSc patients with
RP had increased plasma leu-enkepha-
lin levels compared to the small number
who did not, although the difference
was not significant (78.2+114.8 wvs.
25.9+£29.2 mg/ml, p=0.1). SSc patients
with RP (n=109) compared to those with
no RP (n=7) at the time of study visit
had higher frequencies of sclerodactyly
96% vs. T1%, p=0.042) and digital
pits/ulcers (66% vs. 29%, p=0.097

Mean plasma met-enkephalin levels
were also modestly decreased in the
presence compared to absence of ten-
don frictionrubs (3.5+3.2vs. 14.0+£21.7,
p=0.06). Mean plasma leu-enkephalin
levels were decreased in the presence
compared to absence of telangiectasias
(44.6+£58.9 vs. 85.0+123.2, p=0.09).
Minimal differences in mean plasma
met-enkephalin levels were noted in
dSSc patients compared to 1SSc pa-
tients (12.5£16.4 vs. 13.8+26.0, p=1.0).
Mean plasma leu-enkephalin levels
were not significantly higher in dSSc
patients compared to ISSc patients
(84.4+128.1 vs. 64.6£90.6, p=0.72).
No associations were noted between

plasma enkephalin levels and other
digital manifestations (total skin score,
digital ulcers or digital gangrene), sys-
temic manifestations, scores from the
Scleroderma-HAQ, SF-36 surveys, or
medications. The modified MSS (com-
posite scores or scores from nine indi-
vidual organ systems) did not associate
with the plasma endogenous enkepha-
lin levels in early SSc.

Significant effects noted by univariate
analysis by #-test were not sustained af-
ter controlling for age, gender and race
by multiple linear regression. Power
analysis determined our sample size
was not large enough to achieve 80%
power at a 5% significance level for
the association of TOPO-I, digital pulp
loss or myositis with plasma enkepha-
lin levels, (needed =190 patients, 14).

Discussion

These data are consistent with our hy-
potheses that decreased plasma met-
enkephalin levels are vasogenic me-
diators in SSc, and will associate with
clinical manifestations of SSc-related
vascular and fibrogenic injuries. Plasma
met-enkephalin levels were modestly
to significantly lower in patients serop-
ositive for TOPO-I and in patients with
loss of digital pulp, RP, tendon friction
rubs, myositis, telangiectasias and dif-
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fuse cutaneous involvement. Plasma
leu-enkephalin levels were higher in
patients seropositive for TOPO-1 and
with loss of digital pulp, RP and ten-
don friction rubs. We predict that met-
enkephalin levels will be inversely as-
sociated with vasogenic and fibrogenic
activity in early SSc. It will be impor-
tant to study plasma enkephalin fluctua-
tions in larger group numbers over time
in the context of SSc disease activity
and progression.

Recent studies highlight an emerging
appreciation for endogenous opioid and
opioid receptor interactions in vaso-
dilatory, anti-apoptotic and anti-inflam-
matory functions (6-8). Elevated endo-
thelin-1 levels reported in SSc may
mediate vasoconstriction in peripher-
al vessels, in part, by modulation of
met-enkephalin. In a percussive brain
injury model, endothelin receptor acti-
vation decreased met-enkephalin medi-
ated cerebral blood flow. Application
of an endothelin-1 antagonist restored
enkephalin- induced vasodilation (8).
TOPO-1 autoantibody seropositivity
is associated with skin and vascular
changes (13). TOPO-1 autoantibod-
ies have been reported to increase en-
dothelial apoptosis, pro-fibrogenic ac-
tivation and digital contractures (5, 15,
16). TOPO-1 immune complexes may
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increase endothelin-1 and subsequent-
ly decrease met-enkephalin levels, to
trigger or enhance cellular apoptosis
in endothelial injury. SSc specific an-
tibodies (i.e. anti-centromere antibod-
ies or TOPO-1) may also contribute to
peripheral tissue injury by autonomic
dysfunction (17).

Enkephalin levels may also directly of
indirectly impact fibrogenic processes.
The association of higher plasma leu-
enkephalin levels with loss of digital
pulp in SSc patients supports their po-
tential relevance in subsequent tissue
remodeling from increased fibrogenic
activity. Reported physiologic interac-
tions of cytokines such as transform-
ing growth factor-beta expression and
opioid agonists possibly contribute to
wound healing (18). Indirectly, lower
met-enkephalin levels have been dem-
onstrated to promote apoptosis via the
cellular caspase-3 pathway in cultured
cells (7). Serum autoantibodies from
SSc patients are reported to increase
apoptosis of cultured dermal endothe-
lial cells by a similar mechanism (15).
Fig. 1 illustrates selected proposed cel-
lular targets of decreased endogenous
enkephalin expression in vasogenic and
fibrogenic injury.

Below are selected studies that sup-
port a proposed physiologic relevance
of plasma endogenous opioid levels in
SSc and their potential as therapeutic
targets.

1. Circulating endogenous enkephalin
levels may have modest physiologic
influences under normal conditions, but
become prominent regulators of vascu-
lar tone during episodes of injury or in-
creased stress, such as persistent tissue
hypoxia (8).

2. Mu opioid receptor agonists demon-
strated vasoconstrictive properties at
low and vasodilatory properties at high
concentrations in cardiovascular models
(19).

3. Supplementation with other neuro-
transmitter agonists has induced vasodi-
lation in secondary Raynaud’s and ani-
mal models, supporting a potential phys-
iological impact of plasma mediators in
peripheral tissue processes (3, 20).

4. Two-fold increased plasma B-endor-
phin levels in psoriatic patients (com-
pared to normal controls) were attributed

to reduced capsaicin-induced neurogen-
ic inflammatory responses in psoriatic
skin (21), supporting a physiologic (and
potentially pathologic) consequence of
plasma opioid levels.

5. A recent study has demonstrated that
treatment with a-melanocyte stimulating
hormone (a gene product of the POMC
gene), suppressed skin fibrosis in a bleo-
mycin mouse model of SSc (22). This
supports a role of opioid related gene
products in fibrotic processes.

6.Digital transcutaneous electrical nerve
stimulation (TENS), which increases
opioid peptide levels (reviewed in 23),
promotes peripheral vasodilation, with
improved blood flow to the digits (24).
Electrical neural stimulation can pro-
mote selective release of neurotransmit-
ters, including opioid peptides (25).
Plasma enkephalins and tissue opioid
receptors may provide novel or addi-
tive therapeutic targets for restoring or
increasing tissue oxygenation in the in-
flammatory and vasculopathic process-
es of anoxic injury. Studies with larger
patient enrollment are needed to de-
termine if plasma or tissue enkephalin
levels are physiologically relevant and
which mechanisms of action are most
pertinent to scleroderma pathogenesis.
Future studies with capillaroscopy,
which is noninvasive, and enkephalin
levels would be desirable as significant
associations of enkephalin levels with
parameters of vascular integrity would
be predicted (26, 27). Ultimately, if
plasma enkephalins are depleted by
repeated episodes of vasospasm, SSc
patient subsets with increased risk of
hypoxic injury may need additional
therapies to minimise vascular or fi-
brotic injury (28).
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