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Introduction

Antigen stimulation of resting T-cells triggers synthesis
and secretion of interleukin-2, as well as the membrane ex-
pression of interleukin-2 receptors (1). Normal peripheral
blood mononuclear cells and certain lines of T- and B-cell
origin release, after its membrane expression, a soluble
form of interleukin-2 receptor (sIL-2R); this appears to be
a consequence of cellular activation of various cell types
that may play a role in the regulation of the immune res-
ponse (1,2) . Patients with autoimmune diseases, haemato-
logic malignant diseases or overt thyroid disease often show
high sIL-2R serum levels (3,4,5), however the course of
sIL-2R levels in non-thyroidal disease affecting thyroid
function has not been adequately explored. Recent studies
have shown that patients with tuberculosis (TB) present
with low to normal free and total triiodothyronine levels,
which rapidly elevate after anti-TB treatment (6,7,8). The
aim of the present study was to evaluate thyroid function
parameters and/versus sIL-2R-α (one of the receptor’s sub-
units) in patients with pulmonary TB before and after initi-
ation of anti-TB therapy.

Materials and methods

Sera from 29 ambulatory patients (19 men, 10 women,
mean age±SE: 36±3 years, BMI>26) with sputum-smear po-
sitive focal pulmonary TB were assayed for sIL-2R-α
(Quantikine hIL-2sR EIA assay, R&D Systems, Oxon, UK,

normal limits 676-2132 pg/mL), serum basal thyrotropin
(Gammacoat hTSH IRMA, INCSTAR, Stillwater, Minne-
sota, USA, normal limits 0.40-3.10 µIU/mL), total serum
thyroxine and triiodothyronine (Amerlex T4 and T3 RIA,
Kodak diagnostics, Amersham, UK, normal values at 5.0-
14.0 ng/dL and 0.50-1.90 ng/mL respectively) and free
triiodothyronine (Free T3 Clinical Assay, INCSTAR, Still-
water, Minnesota, USA, normal limits 1.50-3.20 pg/mL).
The intra- and interassay coefficients of variation of these
commercially available assays were less than 6%. Measu-
rements were executed twice for each patient; the first sam-
ple was obtained before anti-TB therapy and the second after
two weeks of isoniazid (300 mg/day), rifampicin (600
mg/day) and pyrazinamide (30 mg/kg/day) treatment. No
other medications were administered during the study peri-
od.

The patients’ HIV status was assessed, with their consent,
using a commercial assay (HIV-1/HIV-2 3rd Generation Plus
EIA, Abbott GmbH, Deikenheim. Germany) and none was
HIV (+). Subsequent Mycobacterium tuberculosis cultures did
not reveal in vitro resistance to first-line anti-TB drugs; all the
patients completed a standard nine-month anti-TB regimen
and made an uneventful recovery. The patients did not have
a history of thyroid and/or autoimmune disease.

Between groups comparison of measured values was
made with the Kruskall-Wallis non-parametric ANOVA test
while correlations abetween sIL-2R-α and the other thyroid
function parameters were done with Spearman’s rank corre-
lation test. 
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Introduction

Late potentials appear to be a hallmark for sustained
ventricular arrhythmias (1). Signal-averaged electrocardio-
graphy (SA ECG) helps in stratifying the risk of developing
a sustained ventricular arrhythmia in patients who are re-
covering from myocardial infarction (2). With the present
knowledge, it appears that late potentials seem to be more
closely related to the underlying morphological substrate
for arrhythmias than the clinically occurring arrhythmia
per se. Abnormal signal-averaged ECG reflects abnormali-
ties in ventricular activation caused by separation of myo-
cardial bundles and the distortion of their parallel
orientation by fibrosis (3).

There are several studies on the long-term changes in
SA ECG in patients after myocardial infarction (4,5) and
one study of patients with right ventricular dysplasia (6).
But assessment of changes of SA ECG was not based on
a comparison with a control group. Moreover there has
been no study of the long-term changes in SA ECG in nor-
mal subjects. In order to acquire such basic information we
performed a prospective study of signal-averaged ECG in
11 normal subjects. Such a study should be, in our opinion,
the first step in evaluating long-term changes of SA ECG in
different group of patients.

Materials and methods

11 men of relatively young age 32±6 years were studi-
ed. For inclusion into the study, each subject had to feel
healthy and be active. All patients had to have a history and

a physical examination neither of which was suggestive of
cardiac disease, and a normal surface standard electro-
cardiogram. Repeated signal-averaged surface electrocardio-
grams were recorded with a mean interval of 13±1
months.

The recording and signal averaging and processing was
performed with a system from Arrhythmia Research
Technology, model 1200 EPX, based on the method previ-
ously described by Simson (1). Standard orthogonal bipolar
X, Y, and Z leads were used to manalyse 250 cycles with
a noise ≤0,4 µV. The recorded signals were amplified, avera-
ged and filtered with a Butterwoth bidirectional filter (range
40 to 250 Hz). The signal obtained from the 3 leads were then
combined to form a vector magnitude (V= √X2+ Y2 + Z2),
a measure that sums the high-frequency content from all
three leads, termed „the filtered QRS complex“. Three in-
dices were measured: 1. the duration of the filtered QRS
(fQRS), 2. the root mean square of the terminal 40 ms of
the filtered QRS (RMS) and 3. the period for which the
filtered QRS remains <40 µV (HFLA). Abnormal values for
these three parameters were defined according to current
recommendation as fQRS >114 ms, RMS <20 µV, and
HFLA >38 ms (2). Abnormal late potentials were defined
by presence of two criteria out of the three.

All data were expressed as mean ± one standard devia-
tion (SD). In order to gain criteria for significant changes
for all measured parameters we doubled and rounded up
standard deviation of mean change of each of the parame-
ters. Any change in case of QRS, mfQRS, HFLA higher by
1 ms and in case of RMS higher by 1 µV was considered to
be significant (table 1.).
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Results

One patient was hyperthyroid and presented initially
with total serum thyroxine and triiodothyronine above the
assays’ normal limits (16.1 ng/dL and 2.45 ng/mL respecti-
vely, with thyrotropin at 1.52 µIU/mL), remaining so after
anti-TB treatment began (with serum thyroxine at 16.0
ng/dL, triiodothyronine at 2.74 ng/mL and serum thyrotro-
pin at 2.20 µIU/mL). His free triiodothyronine and s-IL-2R-
α remained normal in both samplings.

Overall hormone and s-IL-2R-α measurements results
are presented in table 1. Mean thyrotropin±SE remained
well within normal limits at the first and at the second sam-
pling. Mean total thyroxine±SE did not show any statisti-
cally significant differences between measurements. The
observed elevation in total triiodothyronine levels (noted in
27/29 patients), after  two weeks of anti-TB treatment, was
statistically significant (Kruskall-Wallis p=0,05). Mean±SE
free triiodothyronine showed an increase after the initiation
of anti-TB treatment, however these mean values were within
normal limits and differences were not statistically signifi-
cant. Mean±SE sIL-2R-α levels were higher before treatment
compared to mean values after treatment began, but not up
to statistical significance and within normal limits. With the
exception of the hyperthyroid patient, sIL-2R-α levels were
inversely correlated with total triiodothyronine levels before
treatment (Spearman’s rank correlation R:-0.62, p: 0.017),
while no correlation was found at the second sampling, after
two weeks of anti-TB therapy (Spearman’s R: -0.11, p: 0.70).
Serum thyrotropin, total thyroxine and free triiodothyronine
were not correlated with sIL-2R-α neither before nor after
the initiation of anti-TB therapy.

Table 1: Overall hormone and soluble interleukin-2 recep-
tor measurements results of the patients (n=29) included in
the study

Discussion

This study’s patients initially presented with low to nor-
mal serum total triiodothyronin levels, which, following
anti-TB treatment, showed a small but statistically signifi-
cant elevation. This is a finding compatible with the low T-
3 syndrome (euthyroid sick syndrome) encountered in
non-thyroidal disease (8). A significant negative correlati-
on was observed between serum total triiodothyronine and
sIL-2R-α in patients with TB, a non-thyroidal disease, be-
fore administration of anti-TB treatment. Consistently high

levels of sIL-2R have been found in patients with untreated
Graves’ disease and toxic adenoma (4), while low levels of
sIL-2R have been consistently measured in hypothyroid
post-thyroidectomy patients (4) and reported in cases of
autoimmune thyroiditis (10). Levels of sIL -2R have been
shown to be affected essentially in severe cases of TB and
in immunocompromised patients (9). The patients of this
study were not immunocompromised and made an un-
eventful recovery, so in this setting, we can also speculate
(given the small overall variations), a relation between thy-
roid hormones and sIL-2R in the low-T3 syndrome. Since
the measurement of sIL-2R has already been proposed as
an indicator of disease activity in Graves’ disease (11) and
an early response marker in thyrotoxicosis’ treatment (5),
further relevant studies can be envisaged, in order to assess
the behavior and clinical utility of sIL-2R levels versus thy-
roid function parameters in non-thyroidal disease.

Conclusion

Soluble serum interleukin-2 receptor alpha levels were
found to be inversely correlated with total triiodothyronine
levels in 29 -otherwise healthy- patients with pulmonary tu-
berculosis and the low-T3 syndrome before the administra-
tion of antimicrobial therapy. Further studies can be
envisaged, in order to assess the behavior and clinical utili-
ty of this receptor’s levels versus thyroid function parame-
ters in non-thyroidal disease.
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Measured parameter 1st sampling 2nd sampling
(mean±SE) (mean±SE)

Thyrotropin (in µIU/mL) 1.07±0.15 1.09±0.15
total thyroxine (in ng/dL) 9.91±0.41 9.89±0.41
total triiodothyronine (in ng/mL) 0.98±0.06 1.29±0.08*
free triiodothyronine (in pg/mL) 1.73±0.05 1.91±0.07
soluble interleukin-2 receptor (in pg/mL) 1832±174 1805±129

* comparison of parameters’ results between samplings significant at
the p=0.05 level (Kruskall-Wallis non-parametric ANOVA).




