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Ob30OPU / REVIEWS

Cungpomu Ha Hamarena 1ybcmBumeanocm ksm mupe-
ougHume xopmoHu: 'enemuunu gedpekmu na xopmonaa-
HuUme peyenmopu, kaemsunume mpancnopmepu u ge-
doguHazu

Camyen Pecpemodp "** u Aaekcangpa Aumumpecky
AenapmameHmu no meguuuHa (1), neguampus (2) u Komumem no 2eHemuka
Kbm YHuBepcumema - Yukazo, CALLL, VMauHouc 60637 - 1470

Syndromes of Reduced Sensitivity to Thiroid Hormone:
genettic Defects in Hormone Receptors, Gell Trans-
porters and Deiodination

Samuel Refetoff '** and Alexandra M. Dumitrescu’
Departments of Medicine', Pediatrics’ and Committee on Genetics®, University of Chicago,
lllinois 60637-1470

Pe3lome Abstract

Epekmbm Ha mupeougHume XOPMOHU At least six major steps are required for
(TX) Bbpxy map2emHume MbKkaHu ce oCbwec- secreted thyroid hormone (TH) to exert its
mBaBa upe3 noHe 6 wecm OCHOBHU cMbBNKU. action on target tissues. Mutations interfering
Mymauuume omHacawu ce go mpu om max - with three of these steps have been so far iden-
obekm Ha Hacmoawama cmamus, ca 0CHOBHO tified and are the subject of this communication.
npoyydeHu. MbpBuam gokazaH gedekm obyc- The first recognized defect, causing resis-
AaBaw, pezucmeHmHoc kbm TX, o3HauaBaH c tance to TH, involves the TH receptor B gene
akpoHuma RTH, 3acaza 6ema-zeHa Ha T3-peuen- and carries the acronym, RTH. Occurring in ~1
mopa. Tol ce cpewa npu 1 om 40,000 HoBopo- of 40,000 newborn, affected subjects belonging
geHu, omHacawu ce kbm 339 damuauu, obwo to 339 families surpass 1,000. The gene defect
1,000 cAayyan Kbm Hacmoawua momeHm. [Mpu remains unknown in 15% of subjects with RTH.
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15% om auuama ¢ RTH gepekmbm ocmaBa
Hepa3no3Ham.

HeomgaBHa 6axa goka3aHu gBa HoBu cuH-
gpoMa, Xxapakmepu3upawu ce ¢ HamaAaeHa uy6-
cmBumeanocm kbm TX. EguHuam om msx e go-
Ka3zaH npu 150 mb>xe om 57 pamuauu u ce u3a-
BaBa c mexxku ncuxomomopHu HapyweHusa. Co-
wuam ce gbAXKU Ha Mymauuu Ha KAembyHume
membpaHHU mpaHcnopmepu Ha TX, MCT8. Apy-
euam 3acaea BbmpekrembuHUA memaboAu3bm
Ha TX u ce gbAxu HAa mymauuu Ha SECISBP2 ze-
Ha, KOUMO KOogupa CuHmMe3ama Ha CeAeHoNnpo-
meuHu, BkatlouumenHo TX-gelloguHazume.

Two novel syndromes causing reduced sensitivi-
ty to TH were recently identified. One, produc-
ing severe psychomotor defects in more than
150 males from 57 families, is caused by muta-
tions in the cell-membrane transporter of TH,
MCTS. The second defect, affecting the intracel-
lular metabolism of TH is caused by mutations in
the SECISBP2 gene required for the synthesis of
selenoproteins, including TH deiodinases.

KAKOYOBU AYMWU: CuHgpom Ha pe3ucmeHm-
HOCM KbM MUpeougHU XOpMmoHU, T3-0ema 2eH,
KAeMbYHU gelloguHa3u, KAembyHO-MeMbpaHHU
MpaHcnopmepu Ha MupeougHUMe XOPMOHU

KEY WORDS: Resistance to thyroid hormone,
T3-beta gene, TH deiodinases, cell-membrane
transporter of thyroid hormones

BACKGOUND AND PHYSIOLOGY

Thyroid hormone (TH) plays a major role in
growth and development and acts on peripheral
tissues of the adult to regulate their level of metab-
olism. Its action is most dramatic in metamor-
phosing amphibians, producing resorption of the
tadpole tail and budding of limbs to generate the
adult frog. In mammals, including man, severe TH
deprivation during intrauterine life, and in the
immediate postnatal period, results in irreversible
damage of the central nervous system.

Resistance to thyroid hormone (RTH), a
syndrome of reduced end-organ responsiveness
to TH was identified in 1967 (1). The early report
postulated various mechanisms including
defects in TH transport, metabolism and action
(2). However, with the subsequent identification
of TH receptor (TR) B gene mutations (3, 4) the
term RTH become synonymous with defects of
the TR (5), The recent discoveries of genetic
defects that reduce the effectiveness of TH
through altered cell membrane transport (6, 7)
and metabolism (8) have broadened the defini-
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tion of TH insensitivity to encompass all defects
that can interfere with the biological activity of a
chemically intact hormone secreted in normal
amounts. In this communication, use of the
acronym RTH is limited to the syndrome pro-
duced by reduced intracellular T3 action of the
active TH, Ts. The term reduced sensitivity to TH
is used to denote reduced effectiveness of TH in
the broader sense TH Secretion, Cell-membrane
Transport, Metabolism and Action Proper medi-
ation of TH action requires

1) the availability of an intact TH,

2) its transport across cell membrane,

3) intracellular metabolism and hormone
activation,

4) cytosolic and nuclear processing,

5) association with receptors and

6) interaction with co-regulators or other
post receptor effects required for the expression
of TH effect.

The maintenance of a constant supply of TH
is insured by a feedback control mechanism
involving the hypothalamus, pituitary, and thyroid

Endocrinologia vol. XV Ne4 / 2010



gland (Fig. TA). A decrease in the circulating TH
concentration induces a hypothalamus-mediated
stimulation of thyrotropin (TSH) secretion from
the pituitary thyrotrophs which stimulates the thy-
roid follicular cells to synthesize and secrete more
hormone. In contrast, TH excess shuts down the
system, using the same pathway, until homeosta-
sis is reinstated. This system, centrally regulated,
does not take into consideration changes in TH
demand in a particular organ or cell.

To accommodate the local requirement in
TH, additional systems are in operation. One such
system is the control of TH entry into the cell
through active transmembrane transporters (9).
Another is the activation of the hormone precur-
sor thyroxine (T4) by removal of the outer ring
iodine (5’-deiodination) to form triiodothyronine
(T3) or, inactivate T, and T by inner ring (5-deio-
dination) to form reverse T3 (rT3) and T,, respec-
tively (Fig. 1B). Changing concentrations of deio-
dinases in various cell types, allows an additional
local regulation of hormone supply (10).

Finally, the presence and abundance of
TRs, through which TH action is mediated, deter-
mine the type and degree of hormonal
response. Action takes place in the cytosol as
well as in the nucleus (11). The latter, known as
genomic effect, has been more extensively stud-
ied (12, 13) (Fig. 1C). TRs are transcription fac-
tors that are associated with DNA of genes
whose expression they regulate.

How Thyroid Hormone Deficiency and
Excess Coexist TH deficiency and excess are asso-
ciated with typical symptoms and signs reflecting
the effects of global lack and excess of the hor-
mone, respectively, on all body tissues. A devia-
tion to this rule was recognized with the identifi-
cation of the RTH syndrome. Usually caused by
heterozygous mutations in the TR gene, subjects
have high TH levels without TSH suppression. This
paradox extends to clinical and biochemical
observations suggesting, TH deficiency, sufficien-
¢y, and excess, depending on the level of TRf
gene expression in various tissues (5).

The syndrome of TH cell transport defect
(THCTD) exhibits a similar paradox, as subjects
have high serum T3 concentration but the
uptake of TH is not uniform in all tissues and cell
types (14).
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RESISTANCE TO THYROID
HORMONE (RTH):
TH Action

Expression of TH effects requires the intra-
cellular presence of sufficient amount of the
active hormone T;. Rapid, non-genomic action
is exerted at the level of the plasma phosphori-
lation and second messengers (11). However,
the principal and best-studied effect requires the
translocation of the hormone into the nucleus
where it interacts with TRs to regulate (activate
or repress) transcription of target genes.

These genes contain specific sequences at
or near their promoter regions (TH response ele-
ments or TREs) to which TRs bind. In the
absence of TH, TRs interact and associate
withother molecules, most notably the coregula-
tor retinoid X receptor, and corepressors. These
complexes have silencing effect on genes mem-
brane and cytoplasm, involving ion channels,
oxidative positively regulated by TH. By binding
to TR, T3 induces conformational changes in the
TR molecule, triggering a chain of processes.

Briefly, these include:
release of the corepressor, recruitment of coac-
tivators and a large number of other proteins,
some with histone acetylation activity. In posi-
tively controlled genes, this results in the loos-
ening of the nucleosome structure making the
DNA more accessible transcription factors that
mediate binding of RNA polymerase Il and gen-
eral transcription initiation factors (15).

Etiology and Variants

Most subjects with RTH have mutations in
the TR4 gene, which fully explain the refractori-
ness of target tissues to TH and the resulting
abnormalities of thyroid function tests (TFTs).
Formerly, RTH was subdivided into generalized,
isolated pituitary and peripheral tissues. Based
on symptoms and signs, this subclassification
does not have a logical basis since the former
two are encountered in individuals with the
same mutation (16) and the latter represents the
development of tolerance to the ingestion of
excess TH.

While abnormal interaction between a par-
ticular mutant TR and a cofactor protein may
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Figure 1. Feedback control that regulates the amount of TH in blood. (B) Intracellular metabolism of TH, regulating TH bioactivity. (C)
Genomic action of TH. For details see text.

TRH, TSH releasing hormone; TSH, thyroid stimulating hormone (thyrotropin); T4, 3,3‘,5,5'-tetraiodothyronine (thyroxme T4); T3,
3,3’ 5 triiodothyronine (T3); T3 3,3’,5"-triiodothyronine deiodination by removal of an iodine from the 5° position in a lodothyronme
5D 5 deiodination; T2, 3,3’ leldothyronme, TR, TH receptor; RXR, retinod X receptor; CBP/P300, cAMP-binding protein/general tran-
scription adaptor; TFIIA and TFIIB, transcription intermediary factor I, A and B; protein; TAF, TBP-associated factor;




explain some of the discrepancies between the
degree of T3-binding impairment and the magni-
tude of the functional defect, the molecular
basis of the heterogeneity of the RTH phenotype
in individuals with the same mutation remains
unknown and cannot be resolved by in-vitro
transfection studies. This phenotypic variation
can occur across families (17) and within the
same family (18). Differences in the expression
level of the mutant relative to the normal TR
allele found in one study (19) was not confirmed
by another (20). Observations in families with
the same TRPB mutation suggest that genetic vari-
ability of factors other than TR, may modulate
the phenotype of RTH (18).

NonTR RTH refers to individuals with the
RTH phenotype in whom mutations in the TR
gene have been excluded by gene sequencing.
It occurs in 15% of families with RTH and in sev-
eral families mutations in both TR and TRa
genes have been excluded by linkage analysis,
thus ruling out mosaicism (21).

First reported in 1996 (22), the inheritance
is autosomal dominant with 2,5:1 predominance
in females. It is clinically and biochemically
undistinguishable from RTH with TRB gene
mutations (Fig. 2). The TR gene transcripts were
of normal size and abundance. Nevertheless,
fibroblasts were resistant to the in-vitro effect of
TH. fibroblasts from individuals with non TR RTH
but not from normal individuals or subjects with
complete TRB gene deletion and Far Western
analysis revealed an additional 84 kD band.

Intrafamilial linkage analysis, and direct
screening for mutations by DNA sequencing of
several families with nonTR-RTH excluded the
involvement of coactivators (SRC-1/NcoA-1; and
NcoA-3/SRC-3/AIB1/RAC-3), two corepressors
(NCoR and SMRT) and two coregulators (RXRy
and TRIP1) as well as the cell-transporter LST-1
(OATP1B1) (21).

Incidence and Inheritance

The precise incidence of RTH is unknown
because this condition cannot be detected by
routine screening for hypothyroidism. A limited
neonatal screen for high blood T, found 1 case
per 40,000 life births (23). Current published
cases surpass 1,000 and 183 of the 372 families
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with RTH (49%) were investigated in the authors’
institution. Of the latter, 27 families (15%) had no
TRB gene mutations. Of the 156 with TR muta-
tions, 43 (27,6%) occurred de-novo.

In the majority of families, the syndrome is trans-
mitted in an autosomal dominant fashion. In one
family with complete deletion of the TR gene,
inheritance was recessive (1, 24). RTH occurs
with equal frequency in both sexes and has wide
geographic and racial distribution.

The TR Genes and Mutations

The TRor and TR genes, located on chro-
mosomes 17 and 3 respectively, encode proteins
of structural and sequence similarities. Both genes
produce two isoforms; o1 and o2 by alternative
splicing and B1 and B2 by different Recombinant
WT TRP interacted aberrantly with nuclear
extracts of transcription start points. TRo.2 binds
to TREs but due to a sequence difference at the
ligand-binding domain site, it does not bind TH
and thus does not function as a proper TR (25).
Moreover, it appears to have a weak antagonistic
effect Additional TR isoforms, including a TRf
with shorter amino terminus (26).

(TRB3) and truncated molecules (ATRB3,
ATRo1 and ATRa2), lacking the DNA- binding
domain, have been identified in different tissues
of rodents (27, 28). The latter three exhibit dom-
inant antagonistic effect but their significance
inhumans remains unknown (29).

The relative expression and product distribu-
tion of the two TR genes vary among tissues and
during different stages of development. To a cer-
tain degree, TR and TRa are interchangeable (30,
31). However, the compensatory effects observed
in the absence of one of the receptors are not
complete and some TH effects are TR isoform spe-
cific (see Animal Models, below).

Mutations are located in the carboxyl termi-
nus of the TRP, mostly contained within three CpG
rich ,,hot spots”, which are in the ligand-bindingdo-
main (aa 242-460) and adjacent hinge domain (aa
234-243) of the receptor protein and distributed in
3 clusters (17, 32, 33) (Fig. 3). The mutant TR mol-
ecules have either reduced affinity for T3 (32, 34),
or abnormal interaction with one of the cofactors
involved in TH action (33, 35).

Mutations have been now identified in 343
families, of which 325 are single nucleotide sub-



stitutions, resulting in one amino acid replace-
ment and in 4 instances a stop codon. In the
remaining, nucleotide deletions or insertions pro-
duce frameshifts, which in 5 instances create a
nonsense protein with two additional amino
acids. Given that there are only 124 different
mutations, many are shared by more than one
family. When sought, proof that they developed
independently has been obtained (17). TRPB
R338W, caused by a C to T replacement in a
CpG has been identified in 29 unrelated families.
It is surprising that not a single mutation has been
reported in noncoding TRB gene regions or to
produce abnormal splice variants. In contrast, of
the 245 mutations in the androgen receptor gene,
8 were located in splice junctions, resulting in
aberrant splicing in 5 (36). Sequencing of cDNA
is important in subjects with clinically proven RTH
in whom no mutations could be found in genom-
ic DNA. Somatic TR} gene mutations have been
identified in two TSH- producing pituitary adeno-
mas (37). No germline TRa mutations have been
identified in humans.

Clinical Features and Course of the Disease

Characteristic of the RTH syndrome is the pauci-
ty of specific clinical manifestations. When pre-
sent, they are variable from one patient to anoth-
er (5, 16). Presenting symptoms and signs are
goiter, hyperactive behavior, learning disabili-
ties, developmental delay and sinus tachycardia.
The finding of elevated serum TH levels in asso-
ciation with nonsuppressed TSH usually leads to
the diagnosis.

The majority of subjects maintain a normal
metabolic state at the expense of high TH levels.
This compensation for the hyposensitivity to TH
is variable not only among individuals but also in
different tissues. As a consequence, clinical and
laboratory evidence of TH deficiency and excess
often coexist. For example, delayed growth and
bone maturation and learning disabilities, sug-
gestive of hypothyroidism, can be present along
with hyperactivity and tachycardia, compatible
with thyrotoxicosis. Common clinical features
and their frequency are given in Table 1.

Table 1. Clinical Features: Frequency of Symptoms and Signs

FINDINGS FREQUENCY (%)
Thyroid gland Goiter 66-95
Heart Tachycardia 33-75
Nervous System Emotional disturbances 60
Hyperkinetic behavior 33-68
Attention deficit hyperactivity disorder 40-60
Learning disability 30
Mental retardation (1Q <70) 4-16
Hearing loss (sensorineural) 10-22
Growth and Development Short stature (<5%) 18-25
Delayed bone age >2 SD 29-47
Low body mass index (in children) 33
Recurrent Ear and Throat Infections 55

IQ = intellectual quotient

191

Data derived from (5, 16, 88).
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Frank symptoms of hypothyroidism are more
common in individuals who have received treat-
ment to normalize their circulating TH levels.

Goiter is by far the most common finding,
reported in 66-95% of cases. Enlargement is usu-
ally diffuse. Nodularity and gross asymmetry
occurs in goiters recurring after surgery. Sinus
tachycardia is also very common, which, togeth-
er with goiter, often lead to the erroneous diag-
nosis of autoimmune thyrotoxicosis.

About one-half of subjects with RTH have
some degree of learning disability with or without
attention deficit hyperactivity disorder (5). In con-
trast, the occurrence of RTH in children with
attention deficit disorder is extremely rare. One-
quarter have intellectual quotients (IQ) less than
85% but frank mental retardation (IQ <60) was
found only in 3% of cases. Deaf-mutism and color
blindness occurred in all three affected members
of a single family with TR gene deletion (1).

The course of the disease is as variable as
its presentation. Most subjects have normal
growth and development, and lead a normal life
at the expense of high TH levels and a small goi-
ter. Others present variable degrees of mental
and growth retardation. Symptoms of hyperac-
tivity tend to improve with age. Goite usually
recurs after surgery. As a consequence, some
subjects have been submitted to several thyroid-
ectomies or treatments with radioiodide (5).

RTH has contributed to the demise of only
one child, homozygous for a dominant TR muta-
tion (T332A), with a resting heart rate of 190
beats/minute (38). He died from cardiogenic
shock complicating staphylococcal pneumonia.

Laboratory Findings

In the untreated subject, a high serum free T,
concentration and nonsuppressed TSH are sine
qgua non requirements for the diagnosis of RTH.
They are usually accompanied by high serum
levels of T3 and rT5 concentration is also high.

Serum T4 and T; values can be just above to sev-
eral fold the upper limit of normal but are usual-
ly congruent, resulting in a normal T5:T, ratio
(5). This contrasts with the disproportionate
increase in serum T3 characteristic of autoim-
mune thyrotoxicosis. Serum thyroglobulin con-
centration tends also to be high, reflecting the
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level of TSH induced thyroid gland hyperactivity.
The response of TSH to TSH-releasing hormone
is normal or exaggerated, In contrast, the As a
consequence, some subjects have been depend-
ing on the baseline TSH level. TSH has relatively
high bioactivity, which explains the develop-
ment of a TSH-induced goiter despite normal
levels of immunoreactive TSH (39). Thyroidal
radioiodide uptake is high and not dischargeable
by perchlorate. Antibodies to thyroperoxidase
and thyroglobulin are usually negative but when
present, they are indicative of coexistent autoim-
mune thyroid disease.

Evaluation for other endocrine abnormali-
ties has yielded negative results. Tests assessing
THaction on peripheral tissue at baseline are by
and large normal, but are also of low sensitivity.
A protocol, using short-term administration of L-
T3 to determine the sensitivity of central and
peripheral tissues to TH has been standardized
(5). The three incremental adult doses, each
given for three consecutive supraphysiologic
doses of 100 and 200 pg/day, administered in
two daily doses. Attenuated stimulation of sex-
hormone binding globulin and ferritin and
reduced suppression of TSH, cholesterol and
creatine kinase are compatible with RTH (Fig. 2).

Figure 2. Responses to the administration of incre-
mental doses of L-T3 in three representative subjects:
with RTH due to TRb gene mutation (left), TRH with-
out a mutation in the TR genes (nonTR RTH, right)
and a normal individual (center).

The hormone was given in three incremental doses,
each for 3 days. (A)

Thyrotroph responses to TSH-releasing hormone
(TRH) stimulation. Compared to normal, TSH
responses persist during L-T3 suppression. (B) Periph-
eral tissues responses. Note the stimulation of ferritin
and sex hormone binding globulin (SHBG) and the
suppression of cholesterol and creatine kinase (CK)
in the normal subject. Responses in affected subjects,
with or without a TRb gene mutation, were blunted
or paradoxical.
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Molecular Basis of the Disorder and its
Variable Manifestations

Individuals expressing a single WT TRf
allele due to deletion of one allele are normal
while dose expressing a mutant allele (mTRp)
have RTH. This is not due to compensatory over-
expression of the WT allele (20), and the
reduced amount of TRS does not produce hap-
loinsufficiency. Rather, the presence of a defec-
tive mTR interferes with the function of the WT
TRB, a phenomenon termed dominant negative
effect. This explains why inheritance of RTH is
dominant when caused by mTRs and recessive
in subjects with TR gene deletion (24, 34).

To exert dominant negative effect, mTRs
with impaired T3-binding require a preserved
DNA-binding domain and the ability to dimerize
with a homologous or heterologous partner.
mTRs interfere with WT TR function by occupy-
ing TREs on target genes and by engaging WT
TRB in homodimerization. It is for this reason
days, are a replacement dose of 50 pg/day and
two 10 that no mutations nave been identified in
CpGs located in regions of the TRB involved in
homodimerization (40) (see ,cold region 1“ in
Fig. 3.). Dominant negative effect can be also
exerted through impaired association of a mTRf
with a cofactor including, increased affinity to
corepressor (35) or reduced association with
coactivator (33). Similarly, mTRBs with complete
inability to bind T3 can produce minimal dys-
function if association to corepressor is also
reduced (34).

Less apparent was the explanation for the
reverse situation of some mTRPs exhibiting
strong dominant negative effect with minimal
impairment or even, intact Ts-binding. The two
mutations R243Q and R243W, located in the
hinge domain are two such examples. These
mutants manifest severe RTH and impaired
transactivation function despite unimpaired
translocation into the nucleus and normal Ts-
binding in solution. The defect resides in the
reduced ability of T5 to dissociate homodimers
bound to TRE only when the mTRps are bound
to DNA (41, 42). Rarely, mTRBs may show
greater impairment of transactivation on genes
negatively than positively regulated by T3 (34,

EngokpuHoroz2ua mom XV Ne4 /2010

194

43). It is possible T3-binding to these mTRf3s
(R383H and R429Q) is allosterically modulated
by the different TREs (44).

The variable phenotype of RTH has multi-
ple mechanisms. Homozygous devoid of TRf
are deaf and color blind even though the mag-
nitude of TFT abnormalities are comparable to
heterozygotes with mTRPs. This is due to the
total absence of TRP mediated action required
for cochlear and photoreceptor development
(see Animal Models below). Conversely, the
severe signs of hypothyroidism in bone and
brain of homozygotes with mTRBs can be
explained by the silencing effect of the double
dose of the defective TR that interferes with
TRa function as well, which does not occur with
TRP deletion.

Differences in the magnitude of hormonal
resistance in different tissue are due to the
absolute and relative levels of TRB and TRa
expression. For example, the hypothalamus and
pituitary, dependent on TRf, manifest relative
hormone deprivation, while the heart, depen-
dent on TRo, exhibits signs of hormone excess
in the form of tachycardia (5). Inter- and intra-
familial variation in the severity of RTH, likely
caused by genetically modulated cofactors, and
the occurrence of nonTR RTH have been
addressed above, under Etiology and Variants.

Animal Models

The generation of mice with TRB deletion
(knockout, KO) and with mutations (knockin, KiI)
replicating those observed in man, have been
invaluable in understanding the physiology of TR
and the pathophysiology of RTH. Similar manip-
ulations of the TRar gene have allowed the pre-
diction a putative phenotype for corresponding
gene abnormalities in man (45).

TRPB gene manipulation: TRBKO mice manifest
all the feature of humans with TR gene dele-
tion. Heterozygotes are normal and homozy-
gotes have, in addition to the classical TFT
abnormalities, sensorineural deafness and
monochromatic vision, indicating that the deaf-
mutism and color blindness in humans can be
fully explained by the TRP deficiency. These
mice allowed an in- depth investigation estab-
lishing that TRB1 deficiency was responsible for
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Figure 3. Location of mutations in the TRSl molecule in subjects with RTH.

TOP PORTION: Schematic representation of TR4 and its functional domains for interaction with TREs (DNA-
binding), with hormone (T3-binding), with activating (89), repressing (90-92) cofactors and with nuclear receptor
partners (dimerization) (93-95). Note their relationship to the three clusters of natural mutations.

Regulation of TH supply, metabolism and genomic action. (A)
(reverse T3, rT3); T2, 3,3"-dioidothyronine; 5‘D, TBP, TATA-binding 42

BOTTOM PORTION: The T3-binding domain and distal end of the hinge region, which contain the three
mutation clusters, are expanded and show the positions of CpG dinucleotide which are mutational "hot spots" in
the RT4 gene. The location of 121 different mutations detected in 299 unrelated families (published and our
unpublished data) are each indicated by a symbol. Identical mutations in members of unrelated families are indi-
cated vertically by the same color and symbol. "Cold regions" are areas devoid of mutations associated with RTH.
Amino acids are numbered consecutively starting at the amino terminus of the TRA1 molecule according to the
consensus statement of the First International Workshop on RTH (96). TRS12 has 15 additional residues at the
aminoterminus.

AF2, Hormone-dependent activation function (12th amphipatic helix) (97, 98); RBE, corepressor-binding
enhancer SSD, silencing subdomain (92); NucL, nuclear localization (99); SigM, signature motif (100).
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the hearing defect whereas TRB2 for the color
blindness (46). TRBKO mice have increased
heart rate that normalizes with reduction on the
TH level. This finding, together with the lower
heart rate in TRa1KO mice (45), indicates that
TH affects heart rate through TRa1, and explains
the tachycardia observed in some patients with
RTH.

TRBKI mice, engineered after human TRf
gene mutations (frame-shift PV and T337A) are true
models of the dominantly inherited form or RTH.
Heterozygous Kl mice manifest many of the abnor-
malities observed in man. In addition, homozy-
gotes develop metastatic thyroid cancer (47).

TRo gene manipulation: TRa gene dele-
tions, total or only a1, do not produce important
alterations in TH or TSH concentrations (26).
Several human mutations occurring in the TR
gene (PV, R438C and P453H) (48-50), were tar-
geted in homologous regions of the TRa1 gene
of the mouse. The resulting phenotypes were
variable but did not exhibit RTH. In the het-
erozygous state, the former two show severe
postnatal development and growth retardation,
while the latter has increased body fat and
insulin resistance. Decreased heart rate and
cold-induced thermogenesis, as well as reduced
fertility, were also observed. All three TRo1Kls
were lethal in the homozygous state, recapitu-
lating the noxious effect of unliganded TR 1.

Combined and related gene deletions:

Deletion of both o and B TRs is compatible with
life (30, 31). This contrasts with the complete TH
deficiency in the athyreotic Pax8KO mouse
which dies prior to weaning, unless rescued by
TH. The survival in the absence of TR is not due
to the presence of an unidentified TR but to the
absence of the noxious effect of aporeceptors.
Indeed, removal of the TRo. gene rescues the
Pax8KO mice from death (51). Deletion of the
TRa1 gene also prevents the development of
cerebellar abnormalities during TH deprivation
(52). The aporeceptor does not seem to be
required for the upregulation of TSH.
NCoA-1 (SRCT) KO mice have resistance to TH
in addition to sex-hormones (53). Mice deficient
in retinoid-X receptor v, the dimerization partner
of TR, are also mildly resistance to TH (54).
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Treatment

There is no treatment that will fully and
specifically correct the defect. Most important is
not to intervene with the sole purpose of nor-
malizing the TH levels. Sinus tachycardia can be
controlled with the B-adrenergic blocking agent,
atenolol. Prenatal diagnosis and counseling is
particularly important in families whose affected
members show evidence of growth or mental
retardation. Fortunately, in most subjects with
RTH, the partial tissue resistance to TH is ade-
quately compensated for by an increase in the
endogenous supply of TH and thus, treatment is
not required. This is not the case in patients with
limited thyroidal reserve due to prior ablative
therapy. In these patients, the serum TSH level
can be used as a guideline for hormone dosage.
Rarely, the compensation is incomplete and
requires the judicious administration of supra-
physiologic doses of the hormone. In children,
particular attention must be paid to growth,
bone maturation and mental development. It is
suggested that TH be given in incremental doses
and that the BMR, nitrogen balance and serum
SHBG bemonitored at each dose, and bone age
and growth on a longer term. Development of a
catabolic state is an indication of overtreatment.

Even more rarely, infants my present with
failure to thrive accompanied by hypermetabo-
lism and severe tachycardia not controlled by
beta-blockers. This has been observed with
frameshift mutations producing a TRB with an
extended nonsense carboxylterminal sequence
(55). In such instances temporary reduction of
the TH level with somatostatin, and if ineffective,
the judicious administration of antithyroid drugs
or trilodothyroacetic acid may be necessary.

A recent survey showed increased miscar-
riage rate and low birth weight of normal infants
born to mothers with RTH (56). It is unclear at
this time whether intervention during early ges-
tation is appropriate. However, mothers with
RTH should be followed carefully during preg-
nancy and, if carrying a normal infant, not
allowed the FT, to rise more than 20% above
the upper limit of normal. The wisdom of in-
utero treatment is questionable (57).

Treatment with supraphysiological doses of
L-T5, given as a single dose every other day has



successfully reduced goiter size, without causing
side effects (58).

The L-T3 dose must be adjusted in increments
until TSH and thyroglobulin are suppressed.

THYROID HORMONE CELL
TRASPORTER DEFECT

Cell Membrane Transporters of TH

The tight correlation between serum free
TH concentrations and the level of TH- depen-
dent processes, suggesting an equilibrium
between the intracellular and serum free fraction
of TH, has perpetuated the hypothesis of passive
hormonal diffusion into cells (59). However, the
identification and characterization of several
classes of molecules with different kinetics and
substrate preferences has changed this para-
digm (60). These proteins belong to different
families of solute carriers, organic anions, amino
acids, and monocarboxylate transporters (MCT)
(9). Differences in terms of tissue distribution
and kinetics, as well as transport of other lig-
ands, impart their distinctive roles in the cell-spe-
cific delivery of TH (9). Their importance was
most convincingly demonstrated with the identi-
fication, in two different laboratories, of the first
inherited THCTD caused by mutations in the
MCT8 gene (6, 7).

Etiology and Variants

A sexlinked form of mental retardation
with motor abnormalities was described in 1944
(61) and subsequently named the Allan Hern-
don Dudley syndrome. In 1990, the syndrome
was mapped to a locus on chromosome Xq21
(62). Following the identification of MCT8 gene
mutations in subjects with TFT abnormalities and
neuropsychiatric manifestations suggestive of
the Allan Herndon Dudley syndrome (6, 7),
mutations in the same gene were found in other
families with the syndrome, including the origi-
nal family described in 1944 (63). The affected
subjects presented the characteristic TFT abnor-
malities, not previously suspected.

While the severity of the disease is variables
among families with MCT8 gene mutations, no
clear correlation of phenotype with genotype
has been found. Given the existence of other
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types of TH transporters and their different tis-
sue distributions, it is anticipated that defects in
each molecules would result in distinct pheno-
type, the nature of which cannot be predicted.
However, as mice deficient in specific TH trans-
porters become available, some idea about the
nature of such diseases may be deduced.

Inheritance and Incidence

The inheritance is X-chromosome linked.
Affected, males manifest the psychomotor and
TFT abnormalities, whereas carrier females show
only mild TFT defects. Affected individual are
Asian, Amerindian and Caucasian of diverse eth-
nic origins. De novo mutations have been iden-
tified in 5 instances.

The incidence of this recently recognized
defect is not known. The identification of 26
families with MCT8 gene defects in fewer than 3
years indicates that this syndrome is more com-
mon than initially suspected. Spontaneous
MCT8 gene mutations can be maintained in the
population because carrier females are asymp-
tomatic, thus no negative selection takes place.

The MCT8 Gene and Mutations

The MCT8 gene was first cloned during the
physical characterization of the Xq13.2 region
known to contain the X-inactivation center (64).
It has 6 exons and a very long (more than
100kb) first intron. It belongs to a family of
genes, officially named SLC16, the products of
which catalyze proton-linked transport of mono-
carboxylates, such as lactate, pyruvate and
ketone bodies. The deduced products of the
MCT8 (SLC16A2) gene are proteins of 613 and
539 amino acids (translated from two in-frame
start sites) containing 12 transmembrane
domains with both amino- and carboxyl- termini
located within the cell (65). In 2003, Friesema et
al (66) demonstrated that the rat homologue
was a specific transporter of TH into cells.

We now know of 26 families with MCT8
gene mutations (67, 68) (and personal observa-
tions). Mutations are distributed throughout the
coding region of the gene (Fig. 4). Single amino
acid substitutions causing missense mutations
werefound in 10 families and in 4 they resulted

Endocrinologia vol. XV Ne4 / 2010



Intracellular

NH COOH (D

2

Figure 4. Location of mutations in the MCT8 gene of 26 families. Their type is indicated as follows: M, missense;
X, nonsense; |, insertion; D, deletion.

T, (ng/dL) FT,l rT, (ng/dL) TSH (mUJ/L)
door o 12 4 Al

i
2

9 %

] i - 0
M_F N M _F N M F N
| kkE . kE N T i Edk ok
(S 1. SR LU . 1 S (R S

Figure 5. Thyroid function tests from six families studied at the University of Chicago: seven affected males (M,
in red squires), eleven carrier females (F, in green circles), and fifteen unaffected family members (N, in blue tri-

angles). (* P <0.05; ** P<0.01, *** P<0.001). Shaded areas represent the normal range for each test. Bars are 2
SDs.
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in nonsense mutations. Single amino acid dele-
tions or insertions were each reported in two
families. One or two nucleotide deletions or
insertions produced 2 stop codons, and in one
case a 64-amino-acid extension of the carboxyl
terminus of the MCT8 molecule. Deletions of 10
nucleotides or more were reported in 4 families,
and in one, an intronic mutation affected the
splice site. Two unrelated families with the same
mutation occurred on two occasions (F229A
and S448X).

Clinical Features and Course
of the Disease

Male patients that are later found to have
MCT8 gene mutations are referred for medical
neurodevelopmental abnormalities. They pre-
sent with hypotonia, motor delay, feeding prob-
lems, inability to walk and no speech develop-
ment. The clinical presentation of more than 100
male patients with MCT8 gene mutations known
to date is very similar, with consistent TFT abnor-
malities, described earlier, and severe psy-
chomotor retardation. Review of these families
indicates that parents were not consanguineous
and gestation and delivery were normal. Infants
were normal in length, weight, and head cir-
cumference. They do not show typical signs of
hypothyroidism. An early sign of the defect,
manifesting in the first few weeks of life, was
hypotonia and feeding difficulties.

With advancing age, weight gain lags behind
and microcephaly became apparent, while linear
growth proceeded normally. Although truncal
hypotonia persisted, there is progressive develop-
ment of limb rigidity leading to spastic quadriple-
gia. Muscle mass is diminished and there is gen-
eralized muscle weakness with typical poor head
control, originally described as ,limber neck” (61).
Purposeless movements andcharacteristic parox-
ysms of kinesigenic dyskinesias are common.
These are usually triggered by somatosensory
stimuli, such as changing of clothes or lifting the
child. The attacks consist of extension of the
body, opening of the mouth, and stretching or
flexing of the limbs lasting for 2 to less than a
minute (69). In addition to these nonepileptic
events, true seizures can also occur.
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Reflexes are usually brisk, clonus is often present
but nystagmus and extension plantar responses
are less common. Most affected children are
never able to sit by themselves or walk; those
that manage to do so, lose this ability with time,
indicating progressive deterioration.

Cognitive impairment is severe. Individuals
never develop speech or, at the most, acquire
the ability to emit garbled sounds. Their behav-
ior tends to be non aggressive. Although early
death has occurred in some families, most often
due to aspiration pneumonia, some individuals
leave beyond the age of 70 years. investigation
during infancy or early childhood because of
Female carriers do not manifest any of the psy-
chomotor abnormalities described above. How-
ever, intellectual delay and frank mental retarda-
tion have been reported (6, 70).

Laboratory Findings

Most characteristic, if not pathognomonic,
are the high serum T5 and low rT3 concentra-
tions. Although T, is reduced in most cases and
is usually the first thyroid abnormality identified
during neonatal screening, a normal T4 has been
observed in some individuals (71). TSH levels
are normal or slightly elevated, rarely above 6
mU/L. Interestingly, heterozygous female carri-
ers have serum TH concentrations intermediate
between affected males and unaffected family
members (Fig. 5).

All other blood and urine chemistry has
been normal, including organic and amino acids,
carnitine and pyruvate. Lactic acid was high in
one case (70), but not in others (72) (and per-
sonal observation).

Although brain magnetic resonance imaging
is often normal, atrophy of the cerebrum, thala-
mus, and basal ganglia have been reported, prob-
ably reflecting dysmyelination (67, 72). Adminis-
tration of incremental doses of L-T3, using the pro-
tocol devised for the study of patients with RTH,
showed reduced pituitary sensitivity to the hor-
mone (personal observations).

Cultured skin fibroblasts from males with
MCT8 deficiency [L512P and delAFrSh404(416X)]
showed a significant reduction T, and T3 uptake
(73). It was, on average, 24% and 7,3%, respec-
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tively, compared to 100% in fibroblasts from
normal individuals. Baseline D2 enzymatic activ-
ity was 6 to 8-fold higher. Fibroblasts from carri-
er females gave results intermediate to those of
affected males and normals.

Molecular Basis of the Disorder

There is no question that a defective MCT8
molecule is at the basis of MCT8 gene-linked TH
cell transport defects. Cellular Ts-uptake, deter-
mined in 12 different mutations (68), showed no
activity in 4 mutations, 2 missense (Leu471Pro
and Leu512Pro) and 2 nonsense mutations
(Arg245X and Ser448X). In 3 mutations, (F229A,
insertion lle189 and Ala224Val), uptake was from
2,4 to 5%. In the remaining 5 mutations, T3-
uptake ranged from 8,6 to 33% that of the wild-
type MCTS; all five were missense mutations
(S194F, V235M, R271H, L434W, and L598P).

Based on available clinical, chemical and in
vitro information, there is no clear relation between
the degree of impaired MCT8-mediated T3 trans-
port and the level of serum T5. This is probably due
to the important role of perturbations in iodothyro-
nine metabolism on the production of T3 as
demonstrated in the Mct8KO mice (see below).
Except for early death, no other clinical findings
appear to correlate with the degree of functional or
physical disruption of the MCT8 molecule. Genet-
ic factors, variability of tissue expression of MCTS,
and other iodothyronine cell membrane trans-
porters could be at the basis of this lack of pheno-
type/genotype correlation. However, the possibili-
ty that MCT8 is involved in the transport of other
ligands has not been excluded.

Animal Model Demonstrating Tissue
Specific TH Deficiency and Excess

Mct8-deficient recombinant (Mct8KO)
mice (14, 74) replicate the characteristic TFT
abnormalities found in humans and, thus, helped
in understanding the mechanisms responsible
for the thyroid phenotype (75). Measurements
of tissue T3 content showed variable availability
of the circulating hormone to tissues, depending
on redundancy in TH transmembrane trans-
porters. Tissues, such as the liver (9), that
express other transporters than Mct8, have T
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concentrations reflecting the high levels in serum
and are, therefore, ,thyrotoxic” (Fig. 6A). Hepatic
thyrotoxicosis in Mct8KO mice increases the D1
enzymatic activity (Fig. 6B). In accordance, serum
cholesterol concentration is increased and serum
alkaline phosphatase is decreased. In contrast, tis-
sues with limited redundancy in cell membrane
TH transporters, such as the brain (9), have
decreased T3 content in Mct§8 KO mice (Fig. 6C).
As a consequence, and also because of low Ty,
local D2 enzymatic activity is increased (Fig. 6D).
D2’s role is to maintain local levels of T; in the
context of TH deficiency and its activity is post-
translationally regulated by TH availability (10).
These findings of coexistent T3 excess and
deficiency in the Mct8KO mouse tissues explain,
in part, the mechanisms responsible for the TFT
pattern observed in Mct8 deficiency (14, 74).
The increased D1 and D2 activities, stimulated
by opposite states of intracellular TH availability,
have an additive consumptive effect on T, levels
and result in increased T; generation. The
impaired T3 uptake in the brain reduces its avail-
ability for deiodination by D3. The increased
liver D1 enzymatic activity also stimulates rT5
metabolism. These tissue-specific differences in
intracellular TH content and consequent
changes in TH metabolism are likely responsible
for the unusual clinical presentation of this
defect compared to global TH deficiency.

Treatment

Treatment options for patients with MCT8
gene mutations are currently limited. Supportive
measures include the use of braces to prevent
malpositioned contractures that may ultimately
require orthopedic surgery. Diet should be
adjusted to prevent aspiration. Dystonia might
be improved with medications such as anti-
cholinergics, L-DOPA carbamazepine and
lioresol. Drooling might be improved with gly-
copyrolate or scopolamine. Seizures should be
treated with standard anticonvulsivants. When
refractory, ketogenic diet has been successful as
well as administration of supraphysiologic doses
of L-T,4. Experience with such treatments is, how-
ever, limited to only a few cases.

Detection of low T, or elevated TSH by
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neonatal screening has led, in several infants, to
treatment with L-T,. However, no improvement
has been noted when used in physiological
doses, presumably because of the impaired
uptake of the hormone in MCT8-dependent tis-
sues. Administration of T, during pregnancy and
the efficacy of several TH analogs, that may
bypass the molecular defect by using alternative
transporters, have therapeutic potential that are
being tested in Mct8-deficient mice.

THYROID HORMONE METABOLISM
DEFECT
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Intracellular Metabolism of TH The require-
ment for TH varies with tissue, cell type and time.
Control of TH entry into the cell through mem-
brane transporters is apparently insufficient to
provide the proper hormone supply. Further fine-
tuning is achieved by the generation of active TH
or by its inactivation at the site of action. D1 and
D2 are 5- iodothyronine deiodinases that cat-
alyze TH activation by converting T, to T3. D3, a
5-deiodinase is the main TH inactivator through
conversion of T4 to rT3 and T5 to T».

Deiodinases are selenoproteins containing
the rare amino acid, selenocysteine. Its presence
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in the active center is required for their enzy-
matic activity. The signals and mechanism of
selenoprotein synthesis is summarized below
(see The SBP2 Gene its Product, Function and
Mutations). Deiodinases are differentially
expressed in tissues and are further regulated at
the level of transcription, translation and metab-
olism by alterations in the intracellular environ-
ment (10). D2 activity can change very rapidly
as its halflife is more than 15-fold shorter that
that of D1 and D3. D2 inactivation, mediated
through ubiquitination, is accelerated by T,, a
process reversible by deubiquitination.

Etiology and Variants

Until recently, defects of TH metabolism
observed in man were all acquired. The most fre-
quent produces the ,low T3 syndrome” of non-
thyroidal illness (76). In 2005, the first inherited
disorder of iodothyronine metabolism was
described, caused by a reduction in the synthe-
sis rather than structure of deiodinases (8).

The mutant gene, the selenocysteine insertion
sequence-binding protein 2 (SECISBP2, in short
SBP2), affects the synthesis of selenoproteins
including the deiodinases. It is anticipated that
mutations in other genes causing defective thy-
roid metabolism may have different phenotypes.

Incidence and Inheritance

The incidence of inherited defects of metabo-
lism is unknown as the first two families were
reported only two years ago. Furthermore, it affects
only one of the 12 known genes involved in deio-
dinase synthesis and degradation. The inheritance
of SBP2-mediated defect in TH metabolism is
recessive. The ethnic origins of the parents were
Bedouin from Saudi Arabia (homozygous), African
and Irish (compound heterozygous) (8).

The SBP2 Gene its Product, Function and
Mutations

Human SBP2 cDNA was cloned in 2002
(77). The gene has 17 exons and is located in chro-
mosome 9q22.2. terminal domain is sufficient for
all known functions of SBP2 including selenocys-
teine insertion sequence-binding, ribosome bind-
ing and selenocysteine incorporation (78). A
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unique N-terminal domain contains a strong
nuclear localization signal but its precise function
is unknown (77). SBP2 is expressed at low levels in
all tissues tested and at high levels, as well as from
an additional transcript, in testis (77).

Several factors are required for Sec incor-
poration: cis-acting sequences present in the
mRNA of a selenoprotein [UGA codon and
selenocysteine insertion sequence| and trans-
acting factors [elongation factor (eEF**), tRNA®,
and SBP2] (78). Sec is incorporated through
recoding of a UGA codon present in the mRNAs
of a selenoproteins. This process is dictated by
the presence of selenocysteine insertion
sequence, a characteristic stem-loop RNA struc-
ture in the 3’ untranslated region. SBP2 binds to
the selenocysteine insertion sequence, recruits
eEF* which, in turn brings the tRNA** to the
UGA codon for the incorporation of selenocys-
teine in the protein nascent chain.

Three mutations in the SBP2 gene were

identified. In one family, affected individuals are
homozygous for SBP2 R540Q), which is likely a
hypomorphic allele. In another family, the affect-
ed child inherited from the father the nonsense
The protein has 854 amino acids.
The C- mutation K438X and from the mother an
intronic mutation (IVS8ds+29G->A). The latter
creates an alternative donor splice site, which is
half of the time used to produce an alternative
transcript that incorporates 26pb into exon 8.
Thus, the affected child expresses one quarter of
the normal SBP2 transcript.

Clinical Features

The propositi of the two families with SBP2
gene defects came to medical attention because
of short stature and delayed bone age, which
prompted thyroid function testing and identifi-
cation of abnormalities (8). Pregnancy and birth
were normal but neonatal screen in one of the
children showed an elevated TSH level with high
normal T,. Development proceeded normally
but puberty was delayed. Audiogram showed
normal hearing. The clinical manifestations dur-
ing adult life are not known as the 4 affected
individual range in age from 2 to 16 years.



Figure 7. A family with SBP2
gene mutation and the result-
ing in-vivo and in-vitro abnor-

malities. (A) Pedigree and thy-
roid function tests (TFTs) in
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Laboratory Findings

The characteristic laboratory findings in
subjects with SBP2 gene mutations are high Ty,
low T3, high rT3 and slightly elevated serum TSH
(Fig. 7A) (8). No other hormonal abnormalities
have been detected and, despite delayed
growth, serum IGF1 concentrations are normal.

The hypothesis that the observed TFT
abnormalities could be the consequence of
impaired conversion of T, to T3 was supported
by the different potencies of incremental doses
L-T,4 and L-T;. to suppress TSH. Compared to
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normal sibling, affected children required higher
doses and serum concentrations of T4, but not
T3, to reduce their TSH (Fig. 7B).

Skin fibroblasts obtained from the affected
individuals and propagated in cell culture,
showed reduced baseline and cAMP-stimulated
D2 enzymatic activity, compared to fibroblasts
from unaffected individuals. However, baseline
and cAMP-stimulated D2 mRNA levels were not
different from normal (Fig. 7C).

As SBP2 is epistatic to selenoprotein syn-
thesis, identification of decreased D2 activity
due to a recessive SBP2 defect was likely to
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affect other selenoproteins. Indeed, glutathione
peroxidase was reduced by 7,5-fold in serum
and by 3,3-fold in fibroblasts of the affected
compared to normal subjects. Furthermore,
serum selenoprotein P levels were significantly
reduced (8).

Molecular Basis of the Disorder

Clinical and laboratory investigations have
established that the mutations in the SBP2 gene
fully explain the observed abnormalities. The
question was, how can a defective gene,
involved in the synthesis of an entire class of
proteins, present mainly abnormal TFTs? First of
all, the defect in all subjects is partial. Second,
there is a known hierarchical preservation of
selenoproteins during selenium deprivation. (78,
79). This hierarchy is supposedly produced by the
rates of selenoprotein degradation and by the
functional demands of particular selenoproteins
(78). Therefore, selenoproteins with short half life
and high demand for their function, such as D2,
might be the first to fail when the selenocysteine
incorporation machinery becomes inefficient.

It is remarkable that affected individuals
have a similar thyroid phenotype as mice with
combined Diol and Dio2 genes targeted dis-
ruption, without having a defect in these loci. As
the subjects described herein, these mice have
high serum T, and TSH concentration, low Tj
and markedly elevated rT3 (Valerie A. Galton,
personal communication). Furthermore, as
Dio2KO male mice (80), they have growth delay
between 3 - 8 weeks, reminiscent of the proposi-
ti of both families. In contrast to the mice, the
affected children had normal hearing, probably
due to the partial deiodinase deficiency, includ-
ing low D2 and D3.

Animal Models

There is no mouse model of a SBP2 defect.
It should be notted that KO mice with complete
inability to synthesize selenoproteins die during
early embryonic development (81). However, a
partial synthesis defect results in uneven defi-
ciency in the different types of selenoproteins,
reflecting the hierarchy in selenoprotein expres-
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sion known to occur under conditions of seleni-
um deprivation.

Mice deficient in each of the three deiodinases
have been created by homologous recombina-
tion (80, 82, 83) and a strain with marked defi-
ciency in D1 has been identified (84). Dio1KO
mice have elevated levels of T, and T3 while the
concentrations of T3 and TSH are unimpaired.
Dio2KO mice have significantly elevated serum
T4 and normal T3 levels but contrary to Dio KO
mice, TSH concentration is elevated. In addition,
Dio2KO mice show some growth retardation
and defective auditory function (85). Finally, lack
of D3 is most deleterious. Total deficiency is
associated with partial embryonic and neonatal
lethality. Surviving mice exhibit severe growth
retardation, impaired reproductive function and
central hypothyroidism (83). Because the Dio3
gene is subject to imprinting, heterozygotes
have reduced D3 activity only if the null allele is
inherited from the father.

Treatment

Although the subjects described have gen-
eralized deficiency of selenoproteins, the phe-
notype is mild, most likely owing to the fact that
the deficiency is not complete and due to the
hierarchical preservation of selenoproteins. A
more severe deficiency may have more severe
consequences. In addition the repercussions
resulting from the described defects might be
underestimated in these young subjects who,
with age, could present additional manifesta-
tions, such as decreased fertility (86) and propen-
sity to develop cancer due to impaired anti-oxida-
tive protection (87). Having this selenocysteine
incorporation defect and the lowlevels of serum
selenium, it is possible that selenium supplemen-
tation would be beneficial to these patients. This
is currently under investigation.

DIFFERENTIAL DIAGNOSIS

The combination of non-suppressed (nor-
mal or slightly elevated) serum TSH with
increased concentrations of Ty, T3 or both, is
characteristic of the three syndromes of reduced
sensitivity to TH (Table 2). Exclusion of serum



Table 2. Comparison of TFT Abnormalities in Syndromes of reduced sensitivity to TH

Syndrome FT, FT; rFT; TSH
RTH m ™ m N, sl T
THCTD* 1 m 1 N, sl T
THMD m i m N, sl T
* males

THCTD = thyroid hormone transport defect
THMD = thyroid hormone metabolism defect

Other manifestations Gene
ADD Tachycardia, goiter TRPB
Severe psychomotor impairment MCT8
Growth delay SBP2

sl, slight; T, increased; !, decreased; N, normal.

TH transport protein abnormalities by direct
assessment or measurement of the free TH lev-
els, (preferably by equilibrium dialysis) is recom-
mended before proceeding with further testing.
The laboratory test abnormalities must be con-
firmed by repeated testing, several weeks or
months apart, since transient changes in TFTs
can be the consequence of a variety of non-thy-
roidal illnesses and drugs. Other rare causes of
increased TH concentration, such as the pres-
ence of iodothyronine antibodies should be
considered when thyroglobulin and/or thyroper-
oxidase antibodies are positive. It should be
noted that in a TH cell transporter defect due to
MCT8 gene mutations, serum T, concentration
is usually low, rather than high.

Although the clinical presentation of TH
cell transporter defects involving other cell-mem-
brane transporters than MCTS8, is unknown, the
latter always presents in males accompanied by
psychomotor abnormalities, including truncal
hypotonia, limb spasticity, poor head control,
dyskinetic movements and absent or garbled
speech. However, presence of the characteristic
TFT abnormalities is mandatory. Sequencing of
the MCT8 gene in subjects with similar psy-
chomotor manifestations but no characteristic
TFT changes have yielded negative results.

Because the clinical presentations of RTH,
and TH metabolism defect, are variable and non-
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specific, the differential diagnosis includes all
possible causes of hyperthyroxinemia accompa-
nied by non-suppressed TSH (Table 3). A typical
feature of RTH and SBP2-linked TH metabolism
defect is high free T4 concentration. It should be
noted that in mutant albumins with high affinity
for Ty, free T4 can be falsely elevated when mea-
sured by a direct method. In RTH the possibility
of a TSH producing pituitary adenoma should be
considered particularly when first presenting in
an adult and when the parents have normal TFTs
or are not available for testing. Measurement of
the arsubunit of pituitary glycoproteins should
precede imaging studies.

Most rewarding and cost effective is to

obtain TFTs in first degree relatives. In RTH,
which usually is dominantly inherited, testing
both parents may suffice.
Identification of affected sibling and children can
help in sorting out symptoms and signs that are
unrelated to the condition under investigation.
Mothers of males suspected of having MCT8
gene defect, should be also tested as they could
present a mild thyroid phenotype.

Genetic testing can be sufficient to provide
the diagnosis under the following circumstances.
pathognomonic if it results in a functionally
defective protein or failure to synthesize the pro-
tein. Linkage analysis, if informative, can exclude
the involvement of a specific gene. However,
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Table 3. Conditions Associated with Hyperthyroxinemia

Thyroid Function Tests

Defect T, T3 T3 TSH
1TBG T T T N
TTTR* i N T N
FDH T TorN 1 N
RTH T TorN 1 sTor N
SBP2 T i T sTor N
Acute NTI T H T N

FT, direct FT,4 dyalysis
N N
N N
T N
1 1
T T
Tor N N

NTI, nonthyroidal illness;

* refers to TTR with increased affinity for T4 and rT;

TBG, T, binding globulin; TTR, transthyretin;
FDH, familial dysalbuminemic hyperthyroxinemia;
SBP2, selenocysteine insertion binding sequence protein;

sl, slight; T, increased; !, decreased; N, normal.

absence of a mutation does not rule out the sus-
pected defect, particularly when dealing with
mosaicism, nonTR RTH or TH metabolism
defect caused by a mutation in a gene other
than SBP2. In such instances a biochemical diag-
nosis should be secured by measuring the
responses to incremental doses of L-T,4 and/or L-
T, as described in the respective section of Lab-
oratory Tests.

SUMMARY AND PRACTICE POINTS

Reduced sensitivity to thyroid hormone is
more common then formerly suspected.

Cell-specific TH deprivation and excess can
coexist in syndromes of reduced sensitivity to TH.

RTH

Goiter, attention deficit hyperactivity disor-
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der and tachycardia are the most common rea-
sons that lead to the testing and ultimately, the
diagnosis of RTH Genetic analysis of subjects
suspected of having RTH provides a short cut to
diagnosis.

Failure to identify a TRf gene mutation in
genomic DNA from lymphocytes of subjects pre-
senting the RTH phenotype could be due to
mosaicism in a de-novo mutation or to a yet uniden-
tified etiology of the syndrome (nonTR RTH).
Ablative treatment in RTH complicates the fol-
low up and outcome, as adjustment of TH
replacement is not easy.

TH cell transport defect

The neurological manifestations of MCT8
deficiency cannot be explained by the TFT
abnormalities and the observed phenotype is
different from that of global thyroid hormone



deficiency or excess.

Psychomotor abnormalities in the absence
of the characteristic high serum T5 and low T
concentrations are unlikely to be the cause of
MCT8 defects.

Neonatal screening programs for congeni-
tal hypothyroidism, based on blood TSH and/or
T4 measurements, are likely to miss the presence
of TH cell transport defect caused by MCT8
mutations.

As carrier females are asymptomatic, the
presence of a MCT8 defect is not suspected
until the birth of the first affected male.

Aspiration pneumonia is the most common
cause of death in affected males. Treatment with
physiological doses of L-T has not corrected the
phenotype in several patients.

TH metabolism defect

The phenotypes of isolated deiodinase defects
in man remain unknown.

SPECULATIONS and UNCERTAINTIES
RTH

Sporadic, nonTR RTH could be due to puta-
tive recessive defects in proteins involved in the
mediation of TH action.

Data from TRaKI mice suggest that muta-
tions in humans may not have TFT abnormalities
and that lethality could be the reason for failure
of its identification.

The contribution of cytosolic (non-genomic)
action of TH to the phenotype of RTH remains
unknown.

TH cell transport defect

Genetic defects of TH transporters other
than MCT8 are likely to have a different pheno-
type.

The neuropsychiatric abnormalities could
be due to early TH transport defect specific to
brain cells or MCT8 may required for the trans-
port of an important, but yet unidentified sub-
stance.

It is unknown if brain damage in humans
with MCT8 deficiency occurs in the embryo or
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develops after birth? This is of great importance
in the planning of therapy.

Itis unknown if the low T, precedes the ele-
vated T3 and whether TFT abnormalities are
always present at birth?

TH metabolism defect

Other, yet undefined gene defects affecting
TH metabolism may share the TFT abnormalities
found in SBP2 deficiency.
The phenotype of complete SBP2 deficiency is
expected to be more sever, if not lethal, than
that so far identified.
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I'peaun — poas 6 pezyrayua Ha merecHOmo mezao0, me-
ma6oaumsnu u penpogykmubnu napywenusa

Mapua Op6euyoBa’, Mumko Mumko8', baazo6ecm INMexauBano6’

1 KauHuka no EHgokpuHoAo2ua u borecmu Ha obmaHama; 2 Kamegpa no AkywepcmBo u 2u-
HeKoAo2Uu8,

Meguuurcku YHuBepcumem, NroBguB

Ghrelin - Role in the Regulation of Body Weight, Meta-
bolic and Reproductive Disturbances

Maria Orbetzova', Mitko Mitkov', Blagovest Pehlivanov’

1 Clinic of Endocrinology and metabolic diseases; 2 Clinic of Obstetrics and gynaecology,
Plovdiv Medical University

Pe3iome Abstract

peauHbm npumexaBa MOWHU OpeKcu- Ghrelin has profound orexigenic, adi-
2EHHU, agunozeHHU u comamomponHu cBolc- pogenic, and somatotropic properties, increas-
mBa, Bogewu go yBeauuaBaHe npuema Ha xpa- ing food intake and body weight. Secreted pre-
Ha u meaecHomo mearo. CekpemupaH npe- dominantly from the stomach, ghrelin is the nat-
gUMHO OmM cmomaxa, 2peAuHbm npegcmabaa- ural ligand for the growth hormone secreta-
Ba ecmecmBeH Au2aHg Ha peuenmopa Ha Cek- gogue-receptor (GHS-R) in the pituitary gland,
pemazo3ume Ha pacmexxHua xopmoH (GHS-R) thus fulfilling the criteria of a brain-gut peptide.
u uznvABa kpumepuume 3a Mo3buHO-upeBeH The brain-gut axis is the effector of anabolism
nenmug. Ocma mo3bk-upeBer mpakm ce aBa- by regulating growth, feeding, and metabolism
Ba epekmop Ha aHaboAHumMe npouecu upes3 via vagal afferent mediating ghrelin signaling.
pea2yAaupaHe Ha pacmexa, XpaHeHemo u mema- However, the wide tissue distribution of ghrelin
b6oau3zma nocpegcmBom BazarHo adpepeHmMHO suggests that it may have other functions as well.
MeguupaHe Ha Cu2HaAHUMe NbMmuwa Ha 2peAu- Several studies propose that ghrelin could have
Ha. Obave, WUPOKOMO MbKAHHO paznpocmpa- an important function in glucose homeostasis
HEeHUEe Ha 2peAuHa U peuenmopume My npeg- and insulin release, independent of GH secre-
NoAa2a u gonbAHUMEAHU pyHKUUU. Peguua tion. Low plasma ghrelin levels are associated
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npoyuBaHua noka3zBam, ye epeAauHbm uzpae
BaxkHa poaa B peayaupaHe Ha 2Al0KO3Hama Xo-
meocmasa u ocBoboxkgaBaHemo Ha UHCYAUH,
HezaBucumo om cekpeuuama Ha pacmexxHuA
XOPMOH. [1o-HUckume naazmeHu HuBa Ha 2peau-
Ha ce acouuupam c noBuwaBaHe Ha GazarHuA
UHCUYAUH U HaAuvuemo Ha uHcyauHoBa pe3uc-
MeHmMHOCM, KOemo npegnoaAaza, Ye mo3u nen-
mug uzpae u Pu3zUOA02UYHA, U NAMOU3UOAO-
2uyHa poau Bb6B BberexugpamHua memaboAu-
3bM. [MpoyuBaHua om nocaegHume 20guHU
omkpuBam aHomaAuu Ha 2peauHoBama peayna-
UuA NPU CUHgPOM Ha NOAUKUCMO3HU AlYHUUU
(PCOS), koumo He ca NPUCHWU CamMO Ha HaAuY-
Hume npu moBa 3aboaaBaHe 3amabcmaBatre u
uHcyauHoBama pe3zucmeHmHocm. MexaHu3mu-
me, koumo Aexkam 8 ocHoBama Ha ma3u Hapy-
weHa peayaauua u poaama Ha 2peauHa 6 pen-
pogykmuBHuUmMe npouecu nogaexxam Ha No-Ha-
mambwHO u3acHaBaHe.

KAKOYOBU AYMM: 2peauH - cuHgpom Ha NOAU-
KUCMO3HU AUYHUUU — MEAECHO Me2AO — UHCYAU-
HoBa peucmeHmHocm - BbeaexugpameH me-
maboAu3zbm

Cmpykmypa u (pyHKUuA Ha 2peAuHa
(0bwu cBegeHun)

IpeAuHbm e opekcuzeHeH hakmop, Kou-
Mo ce cekpemupa NPeguMHO OM eHGOKPUHHU-
me kKAemKu Ha cmomaxa (60-70%), HO Cbwo
maka om gyogeHyma, UAeyma, UeKyma U KOAO-
Ha (1). B MHO20 MaAku KoaudecmBa ce cuHme-
3upa u B peguua gpyeu mbKaHu - pa3AuYHU 30-
HU Ha MO3bKa (Xunomaaamyc, Xunokamnyc, Ko-
pa Ha 2aaBHua MO3bK), XUunogu3Ha >kAe3a, Hag-
06bOpeyHu >kAe3u, haHKpeac, kocmu, 6b0peyy,
6eau gpoboBe, naaueHma (1, 2). NMpegcmabaa-
Ba 28-amuHOKUCEAUHEH nenmug (MOAEKYAHO
meaao 3314) ¢ ayuroBa cmpaHuvHa Bepuza -
n-okmaHoeBa KuceAuHa, KOAMO e eceHuuaAHa
3a ecpekmume my Bbpxy anemuma (2). INpous-
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with elevated fasting insulin levels and insulin
resistance, suggesting both physiological and
pathophysiological roles for ghrelin. Recent data
also suggest an intrinsic abnormality of ghrelin
regulation in PCOS not attributable to obesity or
insulin resistance alone. The mechanisms linking
abnormal ghrelin regulation with PCOS and
reproductive disturbances should be a focus for
future research.

KEY WORDS: ghrelin - polycystic ovary syn-
drome - weigh control - insulin resistance - car-
bohydrate metabolism

X0XKga om npo-nenmug, cbgbpykaw, 117 amu-
HOKUCEAUHHU 0CmambKa, HapeyeH npenpozpe-
AUH (2). TpeauHbm e nbpBuam omkpum ecmec-
mBeH XopmoH, npu kolmo cepuHoBuam ocma-
mbK Ha no3uuun 3 (Ser3) e ecmepuduuupaH ¢
n-okmaHoeBa KuceAuHa, pagka nocmmpaHgyk-
UuoHHa mogudpukauus, Bogewa go noBuwaba-
He AunogpuAHOCMMa Ha moAekyaama. [lpegc-
maBaaBa eHgozeHeH azoHUCM Ha peuenmopa
Ha cekpemazo3ume Ha pacmeykHUA XOPMOH
(GHS), koumo e eguHcmBeHuam ugeHmMudu-
yupaH go momeHma He208 peuenmop. GHS-R e
G-npomeuH cBbp3aH peuenmop, KOUMo ce ek-
cnpecupa 668 Bcuuku agpa Ha xunomanamyca,
kKakmo u B8 gpyau mbkaHu - cmomax, upeBeH
mpakm, naHkpeac, 6b0peuu, MacmHa MbKaH,
cbpue u beau gpoboBe.
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PazauvaBam ce 2 muna peuenmopu - mun To
u 1B, kamo Bmopuam e HeakmuBeH (3).

IpeauHbm cmumyaupa ocBoborkgaBaHe-
mo Ha pacmexeH xopmoH (GH) nocpegcmBom
Bv3geticmBuemo cu Bvpxy mun Ta peuenmo-
pume 6 xunomanamyca (GHS-R1a) (2, 4, 5). Om
moBa my ocHoBHO gelcmBue npousxoxkga u
HaumeHoBaHuemo ghrelin - ,ghre” e uHgoeB-
ponelicku e3ukoB kopeH, o3HavaBaw, ,pac-
me>x”“.

MiHmepecHo e, ye e2peAuHbm UupKyAupa
2rnaBHo kamo des-acyl (des-octanoyl) epeauH,
m.e. 6e3 ecmepudukauua Ha Ser3 - cpopma Ha
NpomeuHa, KoAMo HAMa eHgokpuHHU cBolcm-
Ba u He moxxe ga cmumyaupa GHS-R1a (2, 6).
AuuaupaHuam epeAauH (nog 10% om moman-
HUA 2peAuH B yupkyaauuama) npemuHaBa npe3
KpbBHO-MO3bUHama bapuepa 8 gBeme nocoku
nocpegcmBom Hacuwaema mpaHCNOpmMHa cuc-
mema, u3zuckBawa Haauyuemo Ha YHUKaAHUA
okmaHoeB ocmambk 8 moaekyaama my. O6-
pamHo, geauuAupaHama copma npemuHaBa
npe3 KpbBHO-MO03bUHAMa Gapuepa upe3 nacu-
BeH mexaHu3bm 0e3 HacuwaHe u ocmaBa 6
ueHmpaaHama HepBHa cucmema (7). Ypes pe-
guua in vitro nocmaHoBKu ¢ KAeMbUHU AUHUU U
CUHMEeMUYHU NenMugu e goka3aHo, ye akmuB-
Hama Jyacm om MoOAeKyAama Ha 2peAuHa, om-
2oBopHa 3a peuenmopHomo akmuBupaHe, e
mempanenmugbm Gly-Ser-Ser(n-octanoyl)-Phe,
a C-mepmuHaaHama vacm Ha moAekyaama ue-
pae katouyoBa poaa B8 gemepmuHupaHe Guoka-
muBHama KoHgopmauua Ha 2peAuHa (8).

Bp®b3ka Ha 2peAuHa ¢ npuema
Ha XpaHa U MeAeCHOMO Me2A0

Bb3 ocHoBa Ha cpakma, ye ce npousBexga
2naBHo B8 cmomaxa, a ocHoBHUmMe my 3araBHu
mecma ca 8 3oHUMe Ha Xunomaaamyca, 2peAu-
HbM u32Aexxkga npegcmaBaaBa BaxkeH eHgOK-
puHeH cuz2Haa, cBbp3Baw, nepuchepHume mexa-
HU3MU, goraBawu KaropulHua BHOC, C MO3buY-
Hume ueHmMpoBe, KOHMpoAUpawu eHepaulHa-
ma xomeocmasa (9). l'peauHbm npumexkaBa u
AoKaaHO gedcmBue, cBbp3aHo ¢ KoopguHupa-
He MomuAumema Ha cmomaxa U gyogeHyma
(10). Mpu xopa ¢ pukcupaH XxpaHUMeAeH npu-
em HuBama Ha 2peauHa 8 uupkyaauyuama ca Bu-
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COKU Ha 2AagHo, 6bp30 cnagam caeg HaxpaHBa-
He (11-13) u u3eaexga ce peayaupam Kakmo
om KaAropulHua BHOC, maka u om UupKyAupa-
WU XpaHUMeAHU cu2HaAu, KakbBmo e uHcyau-
Hbm (14, 15). INpu crabu uHguBugu naazmeHa-
ma KOHugHMpauua Ha 2peAuH npoepecuBHo
HapacmBa npu 2ragyBaHe u gocmueza Had-HuC-
Ka cmouHocm 3a 1 yac caeqg HaxpaHBaHe, mou-
HO o6pamHOMO Ha guHamukama Ha UHCYAUHA
(12). HuBama Ha 2peAuHa cnagam caeg npuem
Ha XpaHa UAU 2AlOKO3a, HO He U CAeg Npuem Ha
Boga, koemo noka3Ba, uye pazmazaHemo Ha
cmomaxa He e pez2yaupawusm dpakmop (14).
VIHCYAUH-UHgYUUpaHama Xuno2AUKemus OCb-
wecmBaBa ,up“-peayrayun Ha ekcnpecuama Ha
uPHK 8 cmomaxa npu nabxoBe (16).

IMpogykuuama Ha 2peAuH B cmomaxa e Ao-
KaAauzupaHa 8 A (o)-nogobHU KAemKu, Koumo
He noka3zBam umyHopeakmuBHOCM KbMm 2AI0Ka-
20Ha, HO UMam CXOgHU MOPOAO2UYHU Xapak-
MepucmMuKU C NaHKpeacHUme O-KAemKkuU, Hanp.
HaAUYue Ha KOMNaKMHU U NAbMHU cekpemop-
Hu epaHyau (1). Tozu gpakm 6 cBemauHama Ha
20penocoyeHuUmMe gaHHU npegnoaAaza, ye Cbob-
wecmByBa cucmema om 2peAuH npogyuupa-
WU KAEMKU, KOUMO peazupam Ha NAa3meHume
KOHUEeHmpauuu Ha 2Atoko3a. MoAekyaHume
CU2HaAU, pe2yAaupawu cekpeuyuama Ha 2peAuH
ca 68 npougec Ha uzyuaBaHe. HamoBapBaxemo ¢
2AOKO3a U npuembm Ha xpaHa Bogam go 6bp-
30 chagaHe Ha 2peAuHa B8 naazmama, Koemo
npegnoaAaza, 4ve nocaegHuam ompaszaBa mo-
MeHmHama npomaHa 8 xpaHumeAHua cmamyc
Ha uHguBuga u ce aBaBa uHgukamop Ha Kpam-
KompalHua eHepaueH DaAaHC.

[MpuAazaHemo Ha 2peAuH UeHMpPaAHO UAU
nepucepHo Yy ekcnepumeHmanHu >kuBomHu
Bogu go noBuwabaHe Ha anemuma u Hapacm-
BaHe Ha meaaomo, a npu xopa BbBexkgaHemo
my B cucmemHama uupkyaauua Cbwo uma 3a
pe3zyamam noBuweH anemum (14, 17-19). Me-
xaHu3zmume Ha gelcmBue Ha 2peAuHa, cBbp3a-
HU C pea2yAayuama Ha anemuma, He ca gokpau
u3acHeHu. MowHUAM My OpeKcu2eHeH edpekm
omuyacmu ce meguupa om akmuBupaHemo Ha
NPY- (HeBponenmug Y) u AGPR- (Agouti gene-
related protein - npomeuH, cBbp3aH c ,,acymu”
2eHa) cbgbpkawume HeBpoHu 6 xunomaaa-
muyHua nucleus arcuatus (14, 20, 21). Nucleus



arcuatus e ocHoBHOMO XunomaAamu4Ho Agpo,
pea2yAaupawo npuema Ha XpaHa U mMeAecHOmo
meaA0 upe3 Haauyuemo Ha HeBpoHu, cbgbp-
>kawu opekcuzeHHu nenmugu (NPY u AGRP) u
aHopekcuzeHHu nenmugu - POMC (npo-onuo-
meaaHokopmuH) u CART (kokauH amgpemamuH-
pea2yAaupaH mpaHckpunm). B nogkpena Ha 2op-
Homo cmaHoBuwe e HamepeHo, Ye NPU NABLXO-
Be u KpamkompalHOMO, U NO-NPOYHANKUMEA-
HOMO AeveHue c 2peAuH Bogu go nokauBaHe
Ha xunomaaamuyHume HuBa Ha uPHK Ha NPY u
AGRP (22). B gonbaHeHue, ehekmume Ha 2pe-
AUHa Mo2am ga Obgam aHmMazoHU3upaHuU om
NapaAeAHO nNpuAdzaHe Ha aHmMaz2oHUCMU Ha
AGPR uAu aHmazoHucmu Ha Y1 u Y5 peuenmo-
pume Ha NPY (17), kKakmo u om gecmpykuus
Ha nucleus arcuatus (23).

IpeauHbm e BraoueH B koopguHauuama
Ha npuema u ycBoaBaHemo Ha xpaHama upe3
ecpekmume cu Bbpxy npogykyuama Ha pacme-
»keH xopmoH (PX) (23). Om cBoa cmpana PX

MeTtabonutHn edpekTn

T Anetut
T Mpuem Ha xpaHa
T Terno

{ JlnnnpHa
/ okcugauua
TP
MacTHa
TbKaH

1 CtomallHo
nanpassaHe

GHRH-peuenTop

FpenviH
Ctomax

cmumyAaupa depHogpobHama npogykuyua Ha
IGF-1, kolmo uepae ueHmpanHa poas 8 peayaa-
uuama Ha BbaaexugpamHama u AaunugHama o6-
MaHa, Kakmo u B pacmexa Ha myckyaume u
kocmume (10). HamepeHo e, ye 2peAuHbm
cmumyaupa GHRH (puaul3uHa XopmoH Ha pac-
Me>XKHUA XOPMOH)-Cbgbpykawume HeBpoHu B
nucleus arcuatus nocpegcmBom HaAuvHUMe
mam GHS peuenmopu (25), Ho He e u3zBecmHo
gaau noBauaBa ocBobokgaBarHemo Ha coma-
mocmamuH. O6cbXkgam ce u gupekmHu B6b3-
geticmBua Bbpxy ageHoxunouzama cbc cmu-
MyAUpaHe Ha comampodgume u npomuBogelic-
mBue Ha comamocmamuHa (10). NMoBuwaBaHe-
mo Ha anemuma ce nocaregBa om nokauBaHe
Ha me2aomo, obave nocregHomo He e 6 3aBu-
cumocm om HapacmBaHe Ha MycKyaHama maca
UAU Op2aHHO pa3pacmBaHe, KOUMO ca munuy-
Hume egekmu Ha PX, a e pesyamam om noBu-
weHa agunozeHe3a U HamaAeHa MacmHa obma-
Ha (26, 27) (Due.1).

EHAOKPVHHN edeKTn

AGRP! /NPY t(GHS-peuenTop) Xwuno-
GHRH T(GHS-peuenTop) Tanamyc
GHS-peuenTop ‘ Xnriopnaa ‘

Queypa 1. Cxema Ha mexaHu3Mume Ha gelicmBue Ha 2peAuH (aganmupaHo no 27).

Figure 1. Scheme of the mechanisms of ghrelin actions (adapted from 27).
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B 060bweHue Ha HampynBawume ce go
MOMEHMA gaHHU Npu Xopa, UupKyAupawuam
epeauH e B8 obpamua 3aBucumocm om meaec-
HOMO Me2A0, koaudecmBomo macmHa mbKaH,
obema Ha agunouumume u nAaazmeHume HuBa
Ha AeNMUHa U UHCYAUHa (8). Bb3zmorkHo e 8 ma-
kb6 cayyal noBuweHama uAu HamaaeHa cekpe-
UUA Ha 2PEAUH ga Uma 3a POAA KOMNeHcupaHe
Ha HapyweHama memaboAumHa peayrauua
Npu namoaAo2uvHU npomeHu 6 meaaomo. Cek-
peuuama My MOXKe ga ce paz2aexkga Kamo om-
eoBop Ha opzaHu3ma 3a nogeomoBka Ha mema-
OOoAUMHUME NPOoUECU ga NocpewHam HaAuu-
Hua KaropueH BHoc. B nepuogu Ha 2aagyBate u
HegoxpaHBaHe noBuweHume 2peauHoBu HuBa
we HanpaBam opzaHu3zma eHepa2ulHO No-Npo-
gykmuBeH (m.e. we ce noBuwu anemumdbm,
pecn. npuembm Ha XpaHa u xpaHumeaHume Be-
wecmBa we ce ckAagupam Kamo MazHuUHU) U,
obpamHo, 6 nepuogu Ha u3obuaue, Ko02amo
meaAomo ce nokauBa, Huckume 2peAuHoBu Hu-
Ba (m.e. penamuBHuam gecpuuum Ha 2peAuH)
we goBege go nomuckaHe Ha anemuma, pecn.
HamaanaBaHe Ha XpaHeHemo U NO-MaAkO OMAa-
2aHe Ha ma3HuHu (14, 28). Taka, 2peauHbm e
BkatoueH u 6 gBama kpaa Ha Be3Hume Ha eHep-
euliHua GaaaHc - npu HampynBaHe Ha eHepauA
ype3 akmuBHama cu HaauuyHocm (noBuweHu Hu-
Ba), koemo kapa xopama ga noyyBcmBam 2aag
u npaBu opezaHu3ma UM eHepa2ulHO NO-NPOJYK-
muBeH, u npu 3a2yba Ha eHepaus, koezamo HuBa-
ma My cnagam 6 nepuogu Ha KaAOpueH U3Au-
WwbK, koemo npegnazBa om no-HamambWHO
HampynBaHe Ha eHepeua u npaBu opeaaHu3zma
NO-MAAKO eHep2ulHO npogykmuBeH (27).

[MAa3meHUmMe KOHUEHMpauuu Ha 2peAuH
ca HamepeHu no-Bucoku Npu nayueHmu ¢ aHo-
pekcua HepB03a U NoO-HUCKU Npu hauyueHmu
cbe 3amabecmaBaHe B cpaBHeHue ¢ KOHMpoAU
C HOpMaAHO mea2Ao (28, 29), koumo HabAloge-
HUA NogKpenam xunome3ama, ye 2peAuHbm
moxke ga 6bge «nyckoBua mexaHu3bmM» 38 OMK-
amtouBaHe npoueca Ha XpaHeHe U ga uzpae poaa
B8 namozeHe3ama Ha 3amabcmaBaHemo npu
xopa (13, 30). AHopekcua HepBo3a e acouuupa-
Ha 6 noBuweHu HuBa Ha PX u Hucku HuBa Ha
IGF-1, koemo nogcka3zBa xpaHUmMeAHO Npugo-
6umo nomuckaHe Ha geiicmBuemo Ha PX uau
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PX pesucmenmHocm. Bbnpeku ye 2peAuHbm e
noBuweH Npu nayueHMume C aHopekcua Hep-
B603a, He ce Hamupa B3aumoBpb3zka mexxgy Hu-
Bama my u me3u Ha PX (31, 32).

HapacmBaHemo Ha nAa3meHume 2peAuHo-
Bu HuBa caeg pegykuua Ha mea2A0 nocpegcm-
Bom guemoaeueHue, HamepeHo om Cummings
u cbmp. (33) cbwo nogkpena xunomezama, ye
2peAuHbm u2pae poAa 3a gbAzompalHama pe-
2yAauyua Ha mez2aomo. CmomawHuam 6adnac
ce acouuupa c hogyepmaHo NO-HUCKU 2PEAUHO-
Bu HuBa B cpaBHeHue ¢ me3u Npu KOHMPOAU C
HOPMAAHO ME2A0 U CbC 3amAabcmaBaHe, Koe-
mo BepoamHo gonpuHaca 3a pegyuupawus
mea2A0mo epekm Ha mas3u npouegypa (33).
XpoHu4yHama KoHcymauua Ha ppykmo3za noBu-
waBa cmamucmuyecku 3Ha4YUMO NAa3mMeHume
HuBa Ha 2peAuH Npu ekchepumeHmaAHama noc-
maHoBka ¢ nabxoBe u B8 npoyuBaHuama npu
X0pa, Ha KOEMO MOXKE ga Ce gbAXKU NOHUXKEHO-
mo uyyBcmBo Ha cumocm u noBuweHama KoH-
cymauua Ha xpaHa (34). XpaHume € HUCBK 2AU-
Kemu4eH uHgekc nomuckam HuBama Ha 2peau-
Ha u cnocobcmBam 3a noHuXkeHue Ha anemu-
ma u pegykyua Ha Mez2Ao.

Ekcnpecuama Ha uPHK Ha epeauH 6v6
gyHgyca Ha cmomaxa npu muwu db/db mogea
c guabem u obezumem e ,down”“-peayaupaHa
6 cpaBHeHue ¢ koHmpoau (19), koemo Cbwo
couu, ye npomeHume B 2peauHoBama ekcnpe-
cua ca (puzuorozuyHa aganmauus. Hanocae-
gbK ce ob6cbkgam Bb3moxkHU mymauuu B8 2eHa
Ha 2peAuHa, Koumo ga obacHAmM HapyweHama
peayAayua Ha MEAECHOMO MEe2A0 NPU 3aMABC-
maBaHe y 603adHUUU, Kakmo nogcka3Ba Hame-
peHama Bpb3ka mexxkgy mymauuu 6 2eHa Ha
npenpozpeAuH/2peAuH u nosBama Ha 3amAbC-
maBate (30).

Bpv3ka Ha 2peAuHa ¢
obmeHHUMe npouecu

CowecmByBawume go momeHma gaHHuU
om ycuaeHomo u3zyyaBaHe poaama Ha 2peAuHa
6 obmeHHume npouecu noka3zBam HegBycmuc-
AeHa Bpb3ka ¢ KOHMPOAA Ha 2AKOKO3HamMa Xo-
meocmasa u B-kaembuHama yHkuua. Kpam-
KompalHume eekmu Ha eK302eHeH 2peAuH



UHgyUUpam XunepaAukemua U XUNOUHCYAUHU-
3bM npu 3gpaBu Auua U onUMHU 2pu3ayu no
He3aBucum om PX mexaHu3bm Ha geticmBue
(35). ObpamHo, 2peAuH-peuenmopHU aHMazo-
HUCMU Mo2am ga nogobpam 2AOKO3HUA MOAe-
paHc npu nabxoBe 6e3 ga Bogam go noBuwa-
BaHe Ha mezaromo BcaegecmBue noBuwaBaxe
Ha uHcyauHoBama cekpeuua (36). MHo20 om
npoyuBaHuama npu nauueHmu ¢ guabem mun
1 nokazBam Hucku HuBa Ha 2peAuHa, Bepoam-
HO Kamo npoaBa Ha KOMNneHcamopeH MexaHu-
3bM Ccpewy Xunepaaukemuama (36).

Bbnpeku ye gaHHUME OmM NPOgbAXKUMEA-
HO NpuUAA2aHe Ha 2peAuH He ca goCmambyHO
U3ACHEHU, U32AeXKga e HaAuue meHgeHuua 3a
noBuwaBaHe u Ha NAa3meHama 2AKO3a, U Ha
uHcyauHa, koemo 208opu 3a BAowabBaHe Ha uH-
cyauHoBama uyBcmBumearocm (35). AaHHu-
me om npurazaHe GHSRTa anmazoHucmu
npegnoAazam, ye me3u CbeguHeHUa Nogobpa-
Bam 2AlOKO3HUA mMOoAepaHc u uHcyauHoBama
pe3zucmeHmHocm B gbA20CpOYEH NAAQH U MO-
2am ga ca mHo2oobewaBawa mepaneBmuvHa
Bb3M0KHOCM 3a AeveHue Ha guabem mun 2.

MHoz2o npoyuBaHua nokazBam, KoHUEHM-
pauuume Ha 2peAuHa kopeaupam HezamuBHO ¢
uHcyauHoBume HuBa Ha 2AagHO, HaAuvuemo
Ha guabem mun 2 u Ha uHcyauHoBa pe3ucmeH-
mHocm npu xopa, HezaBucumo om pacama (28,
37). lhcyauHbm nomucka 2peauHa, He3aBucu-
MO OM NPOMEHUMEe Ha 2AI0KO3HUME KOHUEeHM-
pauuu (38). Broglio u comp. Hamupam, uye u
opaAHOmMo, u BeHO3HOMO nNpuAazaHe Ha UHCY-
AUH nomucka e2peAuHa, HezaBucumo, uve me
oka3zBam npomuBonoroxxHo geidcmBue Bbpxy
HuBama Ha 2atoko3ama. Cvwume aBmopu no-
kazBam, ye 3a NpoMeuH-UHgYUUPaHO NOMUC-
KaHe Ha 2peAuHa e HeobXxogum opaseH nbm,
BeHO3HOMO NpuAazaHe Ha ap2UHUH He HamaAa-
Ba epeauHa, HezaBucumo om noBuwaBaHemo
Ha UHCYAUHQ, KOEmMO e uHmepeceH akm u
umMa omHoweHue Kbm npomeuHoBume guemu
(39). CocmonaHua Ha mexka uHcyauHoBa pe-
3UCmeHMHOCM, KaKmo npu obe3HuU UHguaHuu
om naememo Muma, ca cBbp3aHu ¢ NOHUXKeHU
naasmeHu HuBa Ha 2peAuHa Ha 2aagHo (28).

B npoyuBane Ha B3aumoBpb3kama mexkgy
memaboAumHume napamempu, 2peAuHa, Aen-
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muHa u IGF-1 npu koxopma om 1045 auua
Ukkola u comp. Hamupam, ye Huckume HuBa Ha
2PeAUH ce acouuupam ¢ memaboAumeH CUHg-
poOM U 3axapeH guabem mun 2 camo npu HaAu-
yue Ha uHcyauHoBa u AenmuroBa peucmeHm-
Hocm. [Mpu Bucoku AenmuHoBu HuBa KOHUeH-
mpauuama Ha 2peAuH cnaga AuHeapHo ¢ yBeau-
yaBaHe Opoa Ha KOMNoHeHMumMe Ha memabo-
AUMeH cuHgpom (40). IMpu nayueHmMu Ha Xxemo-
guaau3a HuBama Ha 2peAuHa Ha 2AagHO Kope-
AUpam He2amuBHO ¢ HaAuduemo Ha memabo-
AUMEH CUHGPOM, 2peAuHbM e C meHgeHuua
KbM chagaHe npu HapacmBaHe Opos Ha guae-
HOCMuUYHUMeE Kpumepuu 3a memaboAaumeH
CUHgpOM, a oOUKOAKama Ha maAuama e He3a-
Bucum npegukmop 3a HuBama my (41).

IMpu nayueHmMu ¢ memaboAumeH CUHgPOM
U Hucku HuBa Ha 2peAuH, uHmMpaapmMepuarHoO
npuAazaHe Ha 2peAuH 6bp30 nogobpaBa eHgo-
meAHama gucgyHkuua. [MogobHO Ha UHCYAu-
Ha, epeAauHbm Obp30 cmumyaupa noBuweHa
npogykuua Ha azomeH okcug (NO) 68 kyamypu
oM aopmHuU eHgomeAHU Kaemku Ha 8oA no go-
30- u Bpeme-3aBucum HauuH. HamepeHo e, ve
2peAuH-uHgyuupaHama npogykuuama Ha NO 6
yoBewku aopmHU eHgomMeAHU KaemKu ce 6Ao-
Kupa om npegBapumeAHOMO UM mMpemupaHe ¢
uHxubumop Ha NO-cuHmazama, uHxubumop
Ha cpochamugua uHozumoa (Pl 3) -kuHazama,
cenekmuBeH aHmazoHucm Ha GHSR-Ta uau
,uzkatouBaHe” Ha me3u peuenmopu. Om gpy-
2a CMpaHa, 2peAuHbm CmuMyAUupa 3aCUAEHO
dochopuauparHe Ha Akt (Ser473) u eHgomea-
Hama NO-cuimema3za 6 yoBewku aopmHu eH-
gomeAHU KAemMKU, Kakmo u gpocgopuAupaHe-
Mo Ha mumozeH-akmuBupaHama npomeuH
(MAP) kuHa3za, Ho He u MAP-kuHa3a-3aBucuma-
ma npogykuua Ha Ba3okoHCMpukmopa eHgo-
meauH-1 B8 BoAcku aopmHu eHgomeAHu
kaemku. Om me3u gaHHU ce cmuza go u3Boga,
ye 2peAuHbM npumeykaBa xapakmepHu 6bp3u
cbgoBu getcmBusa, uzpazaBawu ce 8 cmumy-
AupaHa npogykuua Ha NO B eHgomeaa upes3
cu2HaAHU nbmuwa, BxatouBawu GHSR-1a, PI 3-
kuHa3zama, Akt u eHgomeaHama NO-cuHmasa,
Koemo moxe ga ce B3eme BnpegBug 6 pazpa-
6omBaHe Ha uHoBamuBHu mepaneBmuuHu
cmpamezuu N0 OMHOWeHUEe Ha eHgomeAHama
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gucyHkuua npu guabem u uHcyauHoBa pe-
3ucmeHmHocm (42).

Vlasova u cebmp. Hamupam, uve nepudep-
HOMO UH)XXeKMupaHe Ha aHMaz2oHUCM Ha 2pe-
AUHa Npu ekchepumeHmaAHu >xuBomtu (NAbXo-
Be) noBuwaBa apmepuarHOMO HaAA2aHe u NYA-
coBama yecmoma, noHe omuyacmu nocpegcm-
Bom akmuBupaHe Ha cumnamukycoBama HepB-
Ha cucmema (43). Tesu pezyamamu noBuwa-
Bam BHumaHuemo Bbpxy eBeHmyaaHu cbpgeu-
HO-cbgoBu cmpaHuyHU ehekmu Npu NpuAaza-
Hemo Ha 2peAuHoBu aHmMazoHUCMU Kamo me-
paneBmuuHa cmpameaua 3a HamaaaBaHe npue-
Ma Ha xpaHa, ocobeHo npu puckoBu 3a CC3 uh-
guBugu (Hanp. nauueHmu c memaboAumeH
CUHQPOM).

PoAa Ha 2peAuHa npu
penpogykmuBHume npouecu u PCOS

ExkcnepumeHmanHu nocmaHoBku npu NAb-
xoBe nokazBam, ue 2peauHbm yuacmBa 6 pe-
2yAauuama Ha Xunomaaamo-xunodpu3o-oBapu-
aAHama oc Ha pa3AudHu HuBa. [MpurazaHemo
MY NO UeHmMpaAeH Nbm y >KeHcku nabxoBe Bo-
gu go nomuckaHe cekpeuuama Ha LH 6 pazauu-
HU cmaguu Ha ecmpyca (44). IpeAuHbm UHXU-
bupa cvwo cekpeuuama Ha GnRH (2oHagom-
pPONUH puAul3uH2 XOPMOH) oM Xunomaaamyc 6
in vitro nocmaHoBku (44). Ha HuBo xunodusa
2peAuHbm oka3Ba uau cmumyaupawu, uAu no-
muckawu Bb3getdcmBua Bbpxy 6GazaaHama
cekpeuua Ha LH 6 3aBucumocm om cmagus Ha
MeHcmpyaAHua uukbA. Obave, GnRH-cmumy-
AaupaHomo LH ocBoborkgaBaHe in vitro ce uh-
xubupa om 2peauHa, HezaBucumo om cmepo-
ugHama cpega (45).

Bce owe maako ce 3Hae 3a echpekmume Ha
epeAuHa Bbpxy penpogykmuBHume npouecu.
YcmanoBeru ca no-Bucoku HuBa npu aHoByaa-
MOPHU >KeHu € aHopeKkcua HepBo3a u ameHo-
pes, uHgyuupaHa om ekcuecuBHu duzuvecku
HamoBapBaHua, KAKMO U NpuU XEHU € Xunoma-
AaMuYHa ameHopes (46-48). Tpu >KeHu ¢ HOp-
MaAHO me2A0 u ameHopea Bucokume HuBa Ha
2PeAUH NbK ca cBbp3aHu C HapyweHu XpaHu-
meAHuU HaBuuu u pexxum (49). He e u3acHeHo
gaAu HapyweHuama 8 cekpeuuama Ha 2peAuHa
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yuyacmBam gupekmHo 6 HeBpoeHgokpuHHama
peayAauyua Ha ocma Xxunomaramyc-xunodusa-
alYHUK, UAU nocAegHume ce aBaBam mapkep
Ha camua memaboAumeH cmamuyc. INpu pe3yc
malimyHu nomBbpykgaBaHemo Ha uHxubumo-
peH edekm Ha 2peAuHa Bbpxy cucmemama
GnRH-LH npegnoaaza, ye npu npumamu e Ha-
AUUE UeHMpaAeH peayramopeH epekm Ha 2pe-
AUHa Bbpxy penpogykmuBHume npouecu (50).

PCOS e Hatu-yuecmomo eHgOKpUHHO Hapy-
weHue npu >keHume B penpogykmuBHa Bb3-
pacm u ocHoBHa npuyuHa 3a cmepuAumem, Ko-
emo cnopeg cbBpemeHHUMe KOHuUenuuu ce
npuema kamo noaoBo-cneyudpuyeH npomo-
mun Ha memaboaumeH cuHgpom. [lopagu
npegpaznoAoKeHocmma Ha >KeHume, HOCU-
MeAKU Ha CUHgPOMa, KbM 3amAabcmaBaHe, uH-
cyauHoBa pezucmeHmHoCcm, omkAoHeHua 6
obmaHama Ha Bbeaexugpamume u MazHUHUME
B8 cvbuemarue ¢ HapyweHua 6 oByaauuama,
m.e. NPOUECU, NPU KOUMO € goKa3aHo Cbydac-
mue Ha 2peAuHa, e onpaBgaH uUHMepecbmM Kbm
u3caegBaHe Ha HuBama my npu moBa 3aboas-
BaHe.

Bce owge, obaue, Hama eguHHO cmaHoBu-
we, gaau npu PCOS ca Haauue npomeHu B Hu-
Bama Ha anemumo-pea2yaupawume XOPMOHU,
KakbBmo e 2peauHbm. HuBama my Ha 2ragHo
ca HamepeHu noHuxkeHu B noBeuemo (51-55),
HO He Bb6 Bcuuku npoyuBaHua (56, 57). Taka,
3a nbpBu nbm Pagotto u comp. npe3 2002 e.
(51) nokazBam, ye HuBama Ha 2peAuH npu
o6e3Hu »keHu ¢ PCOS ca no-Hucku 8 cpaBHe-
HUE CbC CXOgHU NO Me2Ao 3gpaBu KOHMPOAU.
IpeauHbm e 8 obpamHa 3aBucumocm ¢ mapke-
pume Ha uHcyauHoBa pezucmeHHocm. Te3u Ko-
peaauuu ce 3anazBam u caeg nogobpeHue Ha
uHcyauHoBama uvyBcmBumeaHocm uypes Aede-
HUe C XunokaAaopullHa guema u mMemdOpPMUH
(uAu naauebo). Bbnpeku ye npu 6oawuHcmBo-
MO nauyueHMKU e nocmu2Hama 3Havuma 3azy-
6a Ha meznro, noBeuemo om max Bce owe ca
cbe 3amabecmaBane. U 68 gBeme 2pynu pegyk-
uuama Ha mea2ao Bogu go MHO20 MaAKU Npome-
HU B nAra3meHume 2peauHoBu HuBa. MiHmepec-
Ha e HamepeHama ompuuameAHa KopeAauus
MeXgy 2peAuHa U aHgpPOCMEHJUOHA, HO He U C
mecmocmepoHa u gpyaume aHgpozeHu (51).



Schofl u comp. nomBbp>kgaBam no-Hucku
HuBa Ha epeauHa npu PCOS, koumo noka3zBam
BucokocmeneHHa KopeAauua CbC cmeneHma
Ha uHcyAauHoBa pesucmenmocm (52). Caeg Ae-
yeHue ¢ MemMOPMUH NPU UHCYAUH-pe3UuCMeH-
mHume >eHu HuBama Ha 2peAuHa ce nokau-
Bam. Npu uHcyAuH-1yyBcmBumeaHume >xeHu ¢
PCOS, obaue, HuBama Ha 2peauHa ocmaBam
cbnocmaBumu ¢ me3u npu KoHmpoaume. He-
wo noBeue, aBmopume He Hamupam Kopeaa-
uuA C uHgekca Ha meaecHa maca (BMI) (52), ko-
emo npegnoaaza 83aumoBpb3ka Mexkgy 2peau-
Ha u uHcyauHoBama pe3ucmeHmHocm u3BbH
geticmBuama my Bbpxy KOHMpoAa Ha anemu-
ma, pecn. meaecHomo mezaao. Panidis u comp.
cbobwaBam, ye xxeHu ¢ PCOS u xunepaHgpo-
2eHeMUA UMam CU2HUPUKAHMHO NO-HUCKU HU-
Ba Ha 2peauHa B cpaBHeHue cbe 3gpabu KoHM-
POAU U HOCUMEAKU Ha CUHgPOMA C KAUHUYHU
OeAe3u Ha xunepaHgpoO2eHU3bM, HO C HOPMaA-
HU aHgpozeHHu HuBa. IpeauHoBume HuBa npu
NocAegHUMe ca NO-HUCKU OM HamepeHume npu
KOHMpOAHamMa 2pyna, HO paszAukume He goc-
muz2am cuz2HucpukaHmHocm. ABmopume 3ak-
AtouaBam, uye PCOS-acouuupaHama xunepaHg-
pozeHemMua uma 3a pe3yamam pegyuupaHu
epeAauHoBu koHueHmpauuu (58).

B nogkpena Ha Bpb3kama mexgy 3aboaa-
BaHemo u e2peAauHa ca gaHHume 3a noBuwaba-
He HuBama Ha nocAegHUA NPU 3-MecevHo Aeve-
HUe C opaAeH KoHmpauenmuB, cbgbprkaw,
€MUHUA ecmpaguoA U gpOCNUPEHOH NpU YKeHU
c PCOS. I'peauHbm, no nogobue u Ha gpyeu
npoyuBaHua e 8 ompuuameaHa Kopeaauua c
BMI, cobomHoweHuemo maauf:xaHw, UHCYAU-
Ha, HOMA-uHgekca u cBo6ogHua mecmocme-
poH (59). MNMpurazaHeEMO Ha 2peAUH NPU >XKEHU C
PCOS u ¢ HopmaaHO me2Ao, U CbC 3amMmAbCMA-
BaHe Bogu go noBuwabBaHe HuBama Ha 2Al0KO-
3ama u noHuxkaBaHe Me3u Ha UHCYAUHA, Koe-
mo He ce HabAlogaBa npu KOHMpOAHama 2pyna
>KeHU C HOPMaAHO me2A0 cnopeg npoyuBaHe
Ha Fusco u comp. (60), koemo e 8 nogkpena Ha
B3aumoBpb3ka MexXgy 2peAuHa U XOPMOHaAHU-
me /memaboAumHume HapyweHua npu 3abo-
AaBaHemo.

EgHo om npoyuBaHuama, koumo He nom-
BbprkgaBam npomara B8 HuBama Ha 2peAuHa
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npu xeHu ¢ PCOS e moBa Ha Orio u comp. AB-
mopume He Hamupam KopeAauus Ha 2peAuHa ¢
HUMO eguH OM XOPMOHAAHUME U BUOXUMUYHU
napamempu (BKA. UHCYAUH U MapKepu Ha UHCY-
AUHOBa pe3ucmeHmHocm), a camo ¢ BMI (56).
Te3u gaHHu ca B nogkpena camo Ha goka3aHa-
ma Bpb3ka Mexkgy 2peAuHa U me2A0mo U U3K-
AtouBam BauaHue Ha camomo 3aboaaBaHe. B
u3zBecmeH cMucbA me3u HabAlOgeHUa ca CX0g-
HU Ha npoy4BaHemo Ha Bik u cbmp., koumo He
Hamupam cu2HuuKaHmHu pasauku 8 HuBama
Ha 2peAuHa mexxgy 2pyna »keHu ¢ PCOS ¢ Hop-
MaAHO me2A0 u 3gpaBu xxeHu ¢ HopMaaHO mee-
AO, HO 2PEAUHBM € 3HA4YUMO NO-HUCHK NpU 30-
paBu >keHu cbc 3amabcmaBarHe B8 cpaBHeHue
cbe crabume >xeHu ¢ PCOS (61).

HapyweHa cynpecua Ha 2peauHa cAeg
mecm xpaHeHe ¢ noBuweHo yyBcmBo Ha 2rag
u noHWwxeHo vyBcmBo Ha cumocm (cnopeg Bu-
3yaaHu aHaro208u ckaau) ce onucBam npu man-
Ka 2pyna obe3Hu >xeHu c PCOS gopu caeqg pe-
gykuua Ha meaao (53), koemo e nomBbpgeHo
u om HeomgaBHawHo npoyuBaHe, cpaBHabBa-
wo cAabu u obe3zHu xxerHu ¢ PCOS u cbomBem-
HUMeEe UM CXOgHU NO mea2Ao KoHmpoau (62). INo-
gemalaHo u3zyyaBaHe Ha omezoBopa Ha 2peAuH
u noaunenmug YY npu opaaHo HamoBapBaHe ¢
mecm-xpaHeHe (527 KKaa, pa3npegeAeHu no
cbgbpykaHue Ha 24,1% ma3HuHu, 54,4% Bbene-
xugpamu u 21,5% npomeuHu) Npu >KeHu C
PCOS nokazBam Hucku 6a3aaHu HuBa Ha 2pe-
AUHa U pegyuupaHa cynpecua caeg HaxpaHBa-
He, no-u3pa3zeHo npu obe3zHume B cpaBHeHue
cbC crabume nauyueHmku. ABmopume He Ha-
MuUpam KopeAauua Ha 2peAuHa C aHgpozeHume,
HO HezamuBHa makaBa ce omkpuBa ¢ HOMA-
uHgekca (63). Xenume ¢ PCOS nokazBam u
CUAHO cynpecupaH omzoBop Ha HeBponenmug
Y cnpamo uH)kekmupaHe Ha 2peAuH B cpaBHe-
HUe C KOHMpOoAU, kamo omzoBopbm ce Bb3c-
maHoBaBa creg AedeHue ¢ MEMEPOPMUH U Cue-
HUPUKAHMHO NOHUXXeHue Ha UHcyAauHoBume
HuBa. lNpu ma3u ekcnepumeHmMasHa nocma-
HoBka AenmuHbM He Mbpnu cbwecmBeHu
npomeHu. 18HO, XunepuHcyAuHemuama e ax-
mopbm, kolmo noBauaBa HapyweHuama 6v06
B83aumoBpb3kama epeauH-HeBponenmug Y
(64).
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Hue Hamupame cu2HUpUKAHMHO NO-HUCKU
HuBa Ha 2peauHa npu xxeHu ¢ PCOS B cpaBHe-
Hue cbe 3gpabu koHmpoau (21,78+2,12 cnpe-
mo 34,67%3,57 ng/ml; p=0,04), kamo 2peau-
Hbm e B obpamHa kopeaauyua ¢ HUBama Ha uH-
cyAauHa B cbwama cmeneH, Kakmo U C mapke-
pume Ha uHcyauHoBa peucmenmuocm. Heza-
muBHa kopeaauus ce HabatogaBa u ¢ BMI, obu-
KOAKama Ha maAuama u CbomHoweHuemo ma-
AUA:xaHw, koemo e B8 nogkpena Ha noBeuemo
npoyuBaHua go momenma. Hewo noBeue, om-
puuameAHama kopeaauus, koamo ce omkpuBa
MexXgy 2peAuHa u mecmocmepona (r = -0,315;
p<0,05) u mexgy 2peauHa u AenmuHa (r
-0,306; p<0,05) uzue3zBa caeg u3zkaouBaHe
BAauaHuemo Ha BMI, cvomHoweHuemo ma-
Aaua:xaHw u HOMA-uHgekca (65). IMpu cpaBha-
BaHe Ha 2peAuHa MeXXgy UHCYAUH pe3ucmeHm-
Hu »keHu ¢ PCOS u >xeHu cbc 3axapeH guabem
mun 2 ¢ no-Bucoka no cmeneH uHcyauHoBa pe-
3ucmeHmHocm HuBama my ce okazBam cueHu-
(PUKAHMHO NO HUCKU NpU HOCUMEeAKUMeEe Ha
CUHgpoma cnpamo guabemuukume (66). Bb3
ocHoBa Ha Hawume gaHHU cuumame, ye 2peAu-
HoBume HuBa npu >keHume ¢ PCOS ompa3sa-
Bam cneuuduyHu 3a cuHgpoma memaboAumHu
U XOPMOHAAHU HapyuweHus.

ToBa, ue npomeHume 6 2peauHoBama cek-
peuus ca npucbwu Ha camomo 3aboanBaHe ce
nomBbp>kgaBa u om Hald-HoB0 npoyuBaHe Ha
Panidis u comp., kKoumo gemoHcmpupam, Ye Cb-
omHoweHuemo akmuBeH (auuAupaH):momaneH
2peAuH e HamaAeHo npu »keHu ¢ PCOS u Hop-
MaAHO Mme2Aao, Kamo omkAoHeHuama CA Hal-
CUAHO U3pa3eHu Npu no-mexkume opmu Ha
cuHgpoma, BrarouBawu Bcuuku Kpumepuu: Xu-
nepaHgpozeHus, XpoHuU4Ha aHoByaauyua u mpo-
(POAO2UYMHO NOAUKUCMO3HU AlYHUUU (67). Bb3
ocHoBa Ha goka3aHume NPOMEHU NPU >KEeHU C
PCOS c pazauuHa peHomunHa u3aBa, Hakou aB-
MOpU gopu hpegaazam 2peAuHbm ga bbge u3-
noAzBaH kamo npegukmuBeH mapkep Ha 3a060-
AaBaHemo u Hamupam npu nAom-aHaau3z vyBem-
BumeaHocm 70% u cneuudpuyHocm 86% ¢ npa-
2o08a cmodHocm npu ROC kpuBama 34,1 ng/ml,
nog koemo HuBo Ha 2peAuHa 3aboaaBaHemo e
BepoamHo, a npu HUBo nog 9 ng/ml - ¢ mHo20
Bucoka cmeneH Ha BepoamHocm (68).
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B 3akatoueHue, Bepoamuo npu PCOS e Ha-
AUUEe aHOoMmaAua B peayrauuama Ha 2peAuHa, Ko-
AMO He Ce gbAXKU CamMO Ha HagHOPMEHOMOo
meaA0 U UHcyauHoBama pe3ucmeHmHocm. Me-
xaHuzmume, koumo cBbp3zBam abHopmHama
peayaauua Ha 2peAuHa npu 3aboaaBaHemo,
npegcmou ga 6bgam u3zacHaBaHu. Mo2am ga
ce umam BnpegBug HezaBucumume echekmu Ha
epeAuHa Bbpxy Xunomaaamo-Xxunogu3o-2oHag-
Hama oc ¢ uHxubumopeH egpekm Bobpxy LH-cek-
peuuama u HamareH omeoBop Ha LH kom
GnRH, koemo ce HabaogaBa npu cuHgpoma.

KHUTFOMNUC/REFERENCES

1. DateY, M Kojima, H Hosoda, et al. Ghrelin, a
novel growth hormone-releasing acylated peptide, is syn-
thesized in a distinct endocrine cell type in gastrointestinal
tracts of rats and humans. Endocrinology 2000a; 141: 4255-
4261.

2. Kojima K, H Hosoda, Y Date, et al. Ghrelin is a
novel growth-hormone releasing acylated peptide from
stomach. Nature 1999; 402: 656-660.

3. Kojima M, Kangawa K. Ghrelin: structure and
function. Physiol Rev 2005; 85: 495-522.



4. Date Y, N Murakami, M Kojima, et al. Central
effects of a novel acylated peptide ghrelin on growth hor-
mone release in rats. Biochem Biophys Res Comm 2000b;
275: 477-480.

5. Dornonville de la Cour C, M Bjorkqvist, AK San-
vik, et al. Alike cells in the rat stomach contain ghrelin and
do not operate under gastrin control. Regul Pept 2001;
99:141-150.

6. Hosoda H, M Kojima, H Matsuo, K Kangawa.
Ghrelin and des-acyl ghrelin, two major forms of rat ghrelin
peptide in gastrointestinal tissue. Biochem Biophys Res
Commun 2000; 279: 909-913.

7. Banks WA, M Tschop, SM Robinson, ML Heiman.
Extent and direction of ghrelin transport across the blood-
brain barrier is determined by its unique primary structure.
] Pharmacol Exp Ther 2002; 302: 822-827.

8. Rindi G, A Torsello, V Locatelli, E Solcia. Ghrelin
expression and actions: a novel peptide for an old cell type
of the diffuse endocrine system. Exp Biol Med 2004;
229:1007-1016.

9. Muccioli G, M Tschop, M Papotti, et al. Neu-
roendocrine and peripheral activities of ghrelin: implica-
tions in metabolism and obesity. Eur /| Pharmacol 2002;
440: 235-254.

10. Altman J. Weight in the balance. Neuroen-
docrinology 2002; 76: 131-136.

11. Ariyasu H, K Takaya, T Tagami, et al. Stomach is
a major source of circulating ghrelin and feeding state
determines plasma ghrelin-like immunoreactivity levels in
humans. J Clin Endocrinol Metab 2001; 86: 4753-4758.

12. Cummings DE, JQ Purnell, RS Frayo, et al. A
preprandial rise in plasma ghrelin levels suggests a role in
meal initiation in humans. Diabetes 2001; 50: 1714-1719.

13. Tschop M, R Wawarta, RI Riepl, et al. Post-pran-
dial decrease of circulating human ghrelin levels. |
Endocrinol Invest 2001; 24: RC190RC21.

14. Tschop M, DL Smiley, Ml Heiman. Ghrelin
induces adiposity in rodents. Nature 2000; 407: 908-913.

15. Sakata I, K Nakamura, M Yamazaki, et al. Ghre-
lin-producing cells exist as two types of cells- closed- and
opened-type cells, in rat gastrointestinal tract. Peptides
2002; 23: 531-536.

16. Toshinai K, MS Mondal, M Nakazato, et al. Upreg-
ulation of ghrelin expression in the stomach upon fasting,
insulininduced hypoglycaemia, and leptin administration.
Biochem Biophys Res Commun 2001; 281: 1220-1225.

17. Nakazato M, N Murakami, Y Date, et al. A role
for ghrelin in the central regulation of feeding. Nature
2001; 409: 194-198.

18. Wren AM, SJ Small, HI Ward, et al. The novel
hypothalamic peptide ghrelin stimulates food intake and
GH secretion. Endocrinology 2000; 141: 4325-4328.

19. Shintani M, Y Ogawa, K Ebihara, et al. Ghrelin,
an endogenous growth hormone secretagosue, is a novel
orexigenic peptide that antagonize leptin action through
the activation of hypothalamic neuropeptide Y/Y1 receptor
pathway. Diabetes 2001; 50:227-232.

221

20. Wren AM, 1] Seal, MA Cohen, et al. Ghrelin
enhances appetite and increses food intake in humans. /
Clin Endocrinol Metab 2001; 85: 5992-5995.

21. Hewson A, S Dickinson. Systemic administration
of ghrelin induces Fos and Egr-1 protein in the hypothala-
mic arcuate nucleus of fasted and fed rats. /| Neuroen-
docrinol 2000; 12: 1047-1049.

22. Murakami N, T Hayashida, T Kuriova, et al. Role
for central ghrelin in food intake and secretion profile of
stomach ghrelin in rats. | Endocrinol 2002; 174: 283-288.

23. Tamura H, ] Kamegai, T Shimizu, et al. Ghrelin
stimulates G but not food intake in arcuate nucleus ablated
rats. Endocrinology 2002; 143: 3268-3275.

24. Horwath TL, S Diano, P Sotonyi, et al. Minire-
view: Ghrelin and the regulation of energy balance - a
hypothalamic perspective. Endocrinology 2001; 142: 4163-
4169.

25. Tannenbaum GS, M Lapointe, A Beaudet, AD
Howard. Expression of growth hormone secretagogue-
receptors by growth hormone-releasing hormone neurons
in the mediobasal hypothalamus. Endocrinology 1998; 139:
4420-4423.

26. Inui A. Ghrelin: an orexigenic and somatotroph-
ic signal from the stomach. Nat Rev Neurosci 2001; 2: 551-
560.

27. Higgins S, M Gueorguiev, M Korbonits. Ghrelin,
the peripheral hunger hormone. Annals of Medicine.2007;
39: 116-136.

28. Tschop M, C Weyer, PA Tataranni, et al. Circu-
lating ghrelin levels are decreased in human obesity. Dia-
betes 2001a; 50: 707-709.

29. Shiya T, M Nakazato, M Mizuta, et al. Plasma
ghrelin levels in lean and obese humans and the effect of
glucose on ghrelin secretion. J Clin Endocrinol Metab 2002;
87: 240-244.

30. Ukkola O, E Ravussin, P Jacobson, et al. Role of
ghrelin polymorphisms in obesity based on three different
studies. Obes Res 2002; 10: 782-791.

31. Soriano-Guillen L, V Barrios, A Campos-Barros,
J Argente. Ghrelin levels in obesity and anorexia nervosa:
effect of weight reduction or recuperation. J Pediatr 2004;
144: 30-35.

32. Misra M, KK Miller, DB Herzog, et al. Growth
hormone and ghrelin responses to an oral glucose load in
adolescent girls with anorexia nervosa and controls. J Clin
Endocrinol Metab 2004; 89: 1605-1612.

33. Cummings D, DS Weigle, RS Frayo, et al. Plasma
ghrelin levels after dietinduced weight loss or gastric
bypass surgery. N Engl | Med 2002; 23; 346(21): 1623-
1630.

34. XangxueBa-Awbpaencka T. Poaa Ha ppykmo3sa-
ma 6 pazBumuemo Ha 3amabcmaBare. MeguHgpo 2010;
4:1-3.

35. Sangiao-Alvarellos S, F Cordido. Effect of Ghre-
lin on Glucose-Insulin Homeostasis: Therapeutic Implica-
tions. Int ] Pept 2010;

Endocrinologia vol. XV Ne4/ 2010



36. Ukkola O. Ghrelin and metabolic disorders. Curr
Protein Pept Sci 2009; 10 (1): 2-7.

37. Poykko SM, E Kellokoski, S Horkko, et al. ,Low
plasma ghrelin is associatedwith insulin resistance, hyper-
tension, and the prevalence of type 2 diabetes,” Diabetes
2003; 52 (10): 2546-2553,.

38. Flanagan DE, ML Evans, TP Monsod, et al. The
influence of insulin on circulating ghrelin. Am | Physiol
Endocrinol Metab 2003;284:E313- 6.

39. Broglio F, C Gottero, F Prodam, et al. Ghrelin
secretion is inhibited by glucose load and insulin-induced
hypoglycaemia but unaffected by glucagon and arginine in
humans. Clin Endocrinol (Oxf) 2004; 61: 503-509.

40. Ukkola O, S Poykko, M Paivansalo, YA Kesanie-
mi. Interactions between ghrelin, leptin and IGF-1 affect
metabolic syndrome and early atherosclerosis. Ann Med
2008; 40(6): 465-473.

41. Lee CC, RP Lee, YM Subeg, et al. Fasting serum
total ghrelin level universly correlates with metabolic syn-
drome in hemodialysis patients. Arch Med Res 2008; 39(8):
785-790.

42. lantorno M, H Chen, ) Kim, et al. Ghrelin has
novel vascular actions that mimic Pl 3-kinase-dependent
actions of insulin to stimulate production of NO from
endothelial cells. Am J Physiol Endocrinol Metab 2007; 292:
E756-E764.

43. Vlasova MA, K Jarvinen, KH Herzig. Cardiovas-
cular effects of ghrelin antagonist in conscious rats. Regul
Pept 20009.

44. Fernandez-Fernandez R, M Tena-Sempere, VM
Navarro, et al. Effects of Ghrelin upon gonadotropin-releas-
ing hormone and gonadotropin secretion in adult female
rats: in vivo and in vitro studies. Neuroendocrinology 2006;
82(5-6): 245-55.

45. Fernandez-Fernandez R, VM Navarro, ML Bar-
reiro, et al. Effects of chronic hyperghrelinemia on puberty
onset and pregnancy outcome in the rat. Endocrinology
2005; 146(7): 3018-3025.

46. De Souza M}, HJ Leidy, E O‘Donnell, et al. Fast-
ing ghrelin levels in physically active women: relationship
with menstrual disturbances and metabolic hormones. |
Clin Endocrinol Metab,2004; 89(7): 3536-3542.

47. Misra M, KK Miller, K Kuo, et al. Secretory
dynamics of ghrelin in adolescent girls with anorexia ner-
vosa and healthy adolescents. Am | Physiol Endocrinol
Metab 2005; 289(2): E347-E356.

48. Garcia JM, M Garcia-Touza, RA Hijazi, et al.
Active ghrelin levels and active to total ghrelin ratio in can-
cer-induced cachexia. J Clin Endocrinol Metab 2005;
90(5):2920-6.

49. Schneider LF, MP Warren. Functional hypothala-
mic amenorrhea is associated with elevated ghrelin and dis-
ordered eating. Fertil Steril 2006; 86(6): 1744-1749.

50. Vulliémoz NR, E Xiao, L Xia-Zhang, et al.
Decrease in luteinizing hormone pulse frequency during a
five-hour peripheral ghrelin infusion in the ovariectomized

EngokpuHoAro2ua mom XV Ned/ 2010

222

rhesus monkey. J Clin Endocrinol Metab 2004; 89(11):
5718-5723.

51. Pagotto U, A Gambineri, V Vicennati, et al. Plas-
ma ghrelin, obesity, and the polycystic ovary syndrome:
correlation with insulin resistance and androgen levels. |
Clin Endocrinol Metab 2002; 87: 5625-5629.

52. Schofl C, R Horn, T Schill, et al. Circulating ghre-
lin levels in patients with polycystic ovary syndrome. J Clin
Endocrinol Metab 2002; 87: 4607-4610.

53. Moran L), M Noakes, PM Clifton, et al. Ghrelin
and measures of satiety are altered in polycystic ovary syn-
drome but not differentially affected by diet composition. /
Clin Endocrinol Metab 2004; 89: 3337-3344.

54. Glintborg D, M Andersen, C Hagen, et al. Eval-
uation of metabolic risk markers in polycystic ovary syn-
drome (PCOS). Adiponectin, ghrelin, leptin and body com-
position in hirsute PCOS patients and controls. Eur |
Endocrinol 2006; 155: 337-345.

55. Micic D, M Sumarac-Dumanovic, A Kendereski,
et al. Total ghrelin levels during acute insulin infusion in
patients with polycystic ovary syndrome. J Endocrinol Invest
2007; 30: 820-827.

56. Orio FJr, P Lucidi, S Palomba, et al. Circulating
ghrelin concentrations in the polycystic ovary syndrome. J
Clin Endocrinol Metab 2003; 88: 942-945.

57. Kos-Kudla B, O Malecka-Mikosz, W Foltyn, et al.
Plasma ghrelin concentrations in patients with polycystic
ovary syndrome before and after 6months therapy: corre-
lation with androgen levels. Neuro Endocrinol Lett 2006;
27:763-767.

58. Panidis D, D Farmakiotis, G Koliakos, et al.
Comparative study of plasma ghrelin levels in women with
polycystic ovary syndrome, in hyperandrogenic women
and in normal controls. Human Reproduction 2005; 20(8):
2127-2132.

59. Sags6z N, Z Orbak, V Noyan, et al. The effects of
oral contraceptives including low-dose estrogen and
drospirenone on the concentration of leptin and ghrelin in
polycystic ovary syndrome Fertil Steril 2009; 92(2): 660-666.

60. Fusco A, A Bianchi, A Mancini, et al. Effects of
ghrelin administration on endocrine and metabolic para-
meters in obese women with polycystic ovary syndrome. J
Endocrinol Invest 2007;30(11): 948-956.

61. Bik W, Baranowska-Bik A, Wolinska-Witort E, et
al. The relationship between metabolic status and levels of
adiponectin and ghrelin in lean women with polycystic
ovary syndrome. Gynecol Endocrinol 2007; 23(6): 325-331.

62. Barber TM, Casanueva FF, Karpe F, et al. Ghre-
lin levels are suppressed and show a blunted response to
oral glucose in women with polycystic ovary syndrome. Eur
] Endocrinol 2008;158:511-516.

63. Zwirska-Korczala K, K Sodowsky, S] Konturek,
et al. Postprandial response of ghrelin and PYY and indices
of low-grade chronic inflammation in lean young women
with polycystic ovary syndrome. J Physiol Pharmacol 2008;
59(2): 161-178.



64. Romualdi D, L De Marinis, G Campagna, et al.
Alteration of ghrelin-neuropeptide Y network in obese
patients with polycystic ovary syndrome: role of hyperin-
sulinism. Clin Endocrinol (Oxf) 2008; 69(4): 562-567.

65. Mitkov M, B Pehlivanov, M Orbetzova. Serum
ghrelin level in women with polycystic ovary syndrome and
its relationship with endocrine and metabolic parameters.
Gynecol Endocrinol 2008; 24( 11): 625-630.

66. MumkoB M, A. Tep3ueBa, b. HonueB, M. OpGe-
uyoBa. HuBa Ha 2peAuH npu »eHu ¢ noaukucmo3zeH oBapu-
aaeH cuHgpom (PCOS) u 3axapeH guabem mun 2. 8-mu Ha-
uyuoHaneH KoHepec no EHgokpuHoaozua, 19-21 okmomB-
pu, 2006 2., MA0BguB, EHgokpuHoAO2us, cyna. 3, 2006,
cmp. 101-102.

67. Panidis D, C Asteriadis, NA Georgopoulos, et al.
Decreased active, total and altered active to total ghrelin
ratio in normal weight women with the more severe form
of polycystic ovary syndrome. Eur ] Obstet Gynecol Reprod
Biol 2010; 149: 170-174.

68. Kamal M, A Mohi, M Fawzy, H El-Sawah. Fasting
plasma ghrelin in women with and without PCOS. Middle
East Fertil Soc J 2010; 15: 91-94.

AAPEC 3A KOPECITOHAEHLNA
Aou. g-p Mapua OpbeuoBa,

KauHuka no EHgokpuHoAo2ua u 6orecmu Ha
obmanama; YMBAA ,CB.leopau”, MY, IMaoBguB,
Bya. ,B. AnpuroB” 15A 4000, MaroBguB

cAyK. mea. 032/ 60 24 86

e-mail: morbetzova@abv.bg

ADDRESS FOR CORRESPONDENCE

Assoc. prof. Maria Orbetzova

Plovdiv Medical University 15A. V. Aprilov Str,
4000 Plovdiv, Bulgaria
e-mail: morbetzova@abv.bg

223

Endocrinologia vol. XV Ne4/ 2010
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Cayuaili na mupeomokcuuna kapguomuonamus c eaek-
mpokapguozpadpcku npomenu Hanogo6sabawyu ocmsp

koponapen cungpom

boan Ao3ano0, XK. lepzeaueBa, A. AumoB, I'. AazapoBa, U. NawapoBa
YHuBepcumemcka 6oAHuua ,Ao3eHeu”, KauHuka no Kapguoaozua

A Case With Thyrotoxic Cardiomyopathy and ECG-
Imaging Resembling an Acute Coronary Syndrome

Boyan Lozanov, G. Gergelcheva, D.Dimov, G. Lazarova and I. Gasharova
Clinic of Cardiology, University Hospital ,Lozenetz”, Sofia

Pe3iome

TupeomokcuyHama kapguomuonamus (TK
MI1) e meXXKko ycAao>KHeHUe Ha Xunepmupeo-
ugu3zma. XOpmMOHaAHUAM eKCUueC MOXKe ga go-
Bege go mexka cbpgeuHo-6erogpobHa Hegoc-
mambuHocm B pe3yamam Ha pa3AudHU gucm-
POMUYHU U (PYHKUUOHAAHU npouecu, BkAloyu-
MEAHO U KOpOHapHa HegocmamwbyHOCM.

OnucaHuam myk cayyall ce omHocAa 3a
>KeHa Ha 52 2. Bb3pacm ¢ aHamHe3a 3a bazego-
Ba 6orecm ¢ 6 2oguwHa gaBHocm, Hekopekm-
HO KOHMpoAupaHa. NMopagu ocmpo BaowaBa-
He Ha cbcmoaHuemo ma 6e npuema 6 60AHU-
uama c npoaBu Ha mexkka 3acmouliHa CbpgeyHa
HegocmambuyHocm (4-mu PyHK. KA), cuHycoBa
maxukapgua u EKI npomeHu cycnekmHu 3a oc-
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Abstract

Thyrotoxic cardiomyopathy is a severe com-
plication of hyperthyroidism. The hormonal excess
may provoke a severe cardio-pulmonary failure in
result of different dystrophic and functional lesions
including coronary symptom/signs.

The case described here concerns to a
femail aged 52 yr with history of Graves’disease
which has been diagnosed 6 yr ago, not cor-
rectly controlled. For reason of rapid worsening
she was admitted to hospital with data of severe
congestive heart failure (gr 4), sinus tachycardia
and ECG voltage imaging resembling an acute
coronary syndrome - ST elevation and negative
T waves in dynamic of the standard, V1,V2,V3,
AVF. Clinical study and US established diffuse



Mbp KopoHapeH cuHgpom - ST eaeBauusn u He-
2amuBHu T-BbAHU, KOUMO npocAegeHu B guHa-
Muka baxa u3zpazeHu 8 mpume cmaHgapmHu
omBexgaHua, V1, V2,V3 u AVF. KAuHuuHOmMoO
u yampazBykoBo uzcaegBare Ha wumoBugHa-
ma >kAe3a ycmaHoBu gudgyszHa cmpyma 3-ma
cm (no ETA)p TAO kA 2-6 u AabopamopHu gaH-
HU 3a aBaHcupaH aBmoumyHeH xunepmupeo-
uguzbm. CeaekmuBHama KopoHapoezpadus,
npegnpuema Nno ChewHu noka3aHus, ycmaHo-
Bu HopmaneH KopoHapeH KpbBomok Ha gacHa-
ma, AaBama u Hucxogawua KAOH Ha AaBama Ko-
poHapHa apmepuu, 6e3 gaHHU 3a OKAY3UA UAU
cha3bm (cuHgpom Ha Prinzmetal), kakmo u ma-
kuBa 3a cuHgpoma Ha Takotsubo. Exokapguoe-
pacpckomo u3caegBaHe ycmarHoBu npoaanc Ha
mumpaAHama Kaana, peaypaumauus 3-ma cme-
neH u 3agebeaeHu KAanHU naamHa. Cucmoauy-
HOmMO HaAn2aHe B 6erogpobHama apmepus be
noBuweHo (60 mmHg).
Caeg uHmaHu3zBHo AevyeHue ¢ memumaszon 6
gHeBHa go3a 50 mep gHeBHO, HabuBoaoA 5 m2
gH., UuHpy3zuu ¢ BogHo-coreBu pazmBopu, Ka-
AueB xAopug u noggbprkawa KUCAOpOgHa me-
panusa EKI npomeHume om3Byuaxa 6 meueHue
Ha 2-3 cegmuuu, KopecnoHgupawo Ha 6bp3o0-
MO KAUHUYHO nogobpeHue, pegykuua Ha Mum-
paAHama peaypaumauua go 1-2 cmeneH e CHu-
>keHue Ha FT3 u FT4 go pedepeHmHuU 2paHu-
uu 3a cpoK 6 cegmuuu.

OnucaHuam cayyad ce npegcmabBa ¢ mex-
Ka MupeomoKCcu4YHa Kapguomuonamus, Npu Ko-
amo ocmpuam XopMoHaAeH ekcuec 0bycaoBua
€KCMpPEeMHU KUCAOPOQHU HYXKgu e ocHoBHa
NnpuyuHa 3a amunuyHo Bb3HUKHAAA MeXKKa Mu-
oKapgHa ucxemus, HanogobaBawa EKI-npome-
HUME Npu OCMbP KOPOHAPEeH UHgapkmM ¢
me>kKka Kapguo-MyAMOHaAHa Hegocmamuby-
Hocm Bbnpeku HopmaAaHUA KopoHapeH KpbBo-
mok. [Mogo6HU ycaoxK ca pegku u peBep3ubae-
HU npu npoBexxgaHe Ha AevyeHue ¢ Bucoku go-
3U mupeocmamuuu u uHmeH3uBHAeuYeHUEe Ha
Kapguo-nyAMOHaAHama HegocmambYyHOCM.

goiter gr 3 (by ETA), TED cl.2-b and laboratory
data for the advanced autoimmune hyperthy-
roidism. The selective coronarography undertak-
en in emergency revealed a normal blood flow
of the main left, the left anterior descending and
the right coronary arteries without any data of
occlusion Prinzmetal angina as well as Takot-
subo syndrome. Echocardiography revealed a
mitral valve prolapse, regurgitation gr 3 and
thickened mitral leaflets. The systolic pressure of
pulmonary artery was elevated up to 60 mm Hg.
After intensive therapy with methimazole of 50
mg/d, nebivolol 5 mg d., saline infusions, Potas-
sium chloride and oxygen supply ECG abnor-
malities disappeared within 2-3 weeks which
corresponded to rapid clinical improved, reduc-
tion of mitral regurgitation up to 1-2 gr and
decrease of FT3, FT4 to reference range after 6
weeks.

The patient described demonstrates a severe
thyrotoxic cardiomyopathy in which the acute
hormonal excess provokes extreme oxygene
demands as a cause of atypical myocardial
ischemia mimicking an acute myocardial infarc-
tion despite of the normal coronary flow. The
similar complication was rare and reversible in
result of high doses thionamides and intensive
treatment of cardio-pulmonary failure.

KAKOHOBU AYMMU: kapguomuonamus, mupeo-
MOKCUKO3a, MUOKapgHa ucxemus, MuoKapgeH
UHapKm

225

KEY WORDS: cardiomyopathy, thyrotoxicosis,
myocardial ischemia, myocardial infarction

Endocrinologia vol. XV Ne4/ 2010



TupeomokcuyHama  Kapguomuonamua
(TKMIT) e mexko, >kuBomo-3acmpawaBawo
YCAOXHeHUe Ha mupeomokcuko3zama. Peguua
npoyuBaHua gokazBam, ye cbwama e cBvp3a-
Ha ¢ noBuweH Kapguo-BackyaapeH puck, Bkato-
yumeAHo npu Auua nog 60 2. Bv3pacm (9). Mpu
yacm om cAydyaume ce Kacae 3a mexKu pu-
MBMHU HapyweHun, Npu gpyau - 3a Npo2pecu-
pawa cbpgeuHa HegocmambyHocm (7,11). [No-
BuweHa cMbpmMHOCM Nopagu CbPgeyHO-Cbgo-
Bu ycao>KHEHUA Ha MUpPeoMOKCUKO3ama ce yc-
maHoBaBa npu 20Aamo pempocnekmuBHo npo-
yuBane B LLIBeuus, npoBegerHo npu 10,000 na-
uueHmu (10). damaaeH u3xog ca onucaHu go-
pu Npu mAagu nauueHmu 6e3 npeguwecmBawu
UAU gpyeu, conbmemBawu 3aboaaBarua (5).

B namozeHe3ama u kAuHuvHama u3aBa Ha
TKMIT ocHoBHa poAa umam gupekmHume u uH-
gupekmHume epekmu Ha mupeougHume Xop-
MoHu (TX) Bbpxy muokapgHume cmpykmypu,
Koumo mozam ga npegu3zBukam gucmpoduy-
HU Ae3uu u npoaBu Ha koHeecmuBHa cbpgevHa
HegocmambuHocm (2,3). CbwecmBeHa poaa
uepae cbwo noBauaBaHemo Ha beta T-agpe-
Hepa2uyHama peuenmopHa u nocmpeuenmop-
Ha cucmemu, Kakmo u cmumyaupaHume om TX
okcugamuBHu npouecu 6 nepugepHume mb-
KaHu u 6 muokapga, noBuwaBawu KucAOpPOg-
Hume HyYxgu. (4) HezaBucumo om me3u mexa-
HU3MU, XOPMOHaAHUAM eKcuec cam no cebe cu
6u Mo2bA ga npegu3Buka XpOHUYEH UAU NOJOC-
mbp Bb3naaumeseH npouec C npogykuuasma
Ha NpouHMAAMamMOopPHU UUMOKUHU ,in loco”,
Bogewu go eHgomeAHU KOPOHApHU Ae3uu U
me>kka xunokcus (8). CowecmByBam ycaoBua
3a Bb3HUKBaHe Ha KOPOHApPHU Cha3mu C KAU-
HU4YHU npoaBu Ha HecmabuAHa cmeHoKkapgua u
peaAeH puck 3a OCMbp KOPOHapeH UuHUUgeHm
- MUOKapgeH UHgapKkm, Npu Aunca Ha gpyeo
3aboaaBare. VMalocmpauua 3a maksB8 mun Ha-
pyweHua e onucaHuam cayyad.

OINMNCAHUE HA CAYYAA

KauHuuHu gaHHu. OmHaca ce 3a 52 2. xe-
Ha ¢ goka3aHa npegu 6 2oguHu bazegoBa 6o-
Aecm, AekyBaHa HecucmemHo go nocmbnBaHe-
MO C OMHOCUMEAHO HUCKU gO3u mupeocma-
muuu (Memu3oA, nponuuua 2 go 4 m. gH.). INo-
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pagu pa3ko BaowaBaHe Ha cbcmoaHuemo be
npuema no cnewHocm 6 ViHmeH3uBHo omge-
AeHue Ha Yb ,Ao3eHeu” ¢ npoaBu Ha mexxka
cbpgevHa HegocmambyHocm (I - 1V doyHKuu-
OHaAEH KAac): HamaAeH u3uyecku Kanauu-
mem u 3agyx npu nokod, yBeauueH Ha 4 cm ve-
peH gpob, 3acmoUHu omouu NnO goAHUME
kpadHuuu. MNpu ¢uzukarHomo u3caegBaHe yc-
maHoBuxme cuHycoBa maxukapgua (100-
120/m. npu nokol), apmepuaAHO HaAazaHe
150/80, xoarocucmoaAudeH wym Bbpxy ueaun
npekopguym, 3acmoulHu aBaeHua B Oeaume
gpoboBe, NOgHOPMEHO MEAeCHO Me2A0 CbC
3HAYUMeEAHO pegyuupaHe Ha nogKoykHama
macmHa mbkaH, BAaXkHa Koxka, u3pa3eH gucma-
AeH mpemop Ha pbueme. Haauue 0axa ouHu
NPOMEHU NO MuNa Ha eHgoKpuHHama ogmaa-
Monamus: KOHIOHKMuBaAHa uHekuua U Xxemo3a
om ll-pa cm, pazwupeHue Ha gBeme ouHU uen-
KU, NOAOXXUMEAHU cumnmomu Ha [pede u
Mbobuyc, nponmosa 20 mm no Hertell (TAO ka
26). WumoBugHama >kae3a 6e gugy3zHo yBe-
AudeHa (3-ma cm. no ETA) ¢ noBuweHa nAbm-
HoCcm u u3pa3eH mpua Bbpxy gBama Aoba.
Exoepachuama nokaza u3pazeHa Xunoexozel-
HOCM C HeegHOPOgHOCM Ha cmMmpykmypama u
u3kAlouuMeAHo 6ozama cbgoBa mpexa.
Aabopamopnu uzcaegBanua: TSH - 0,005
mlU/ml, FT3 - 13,3 pM/I (refr.: 2,8 - 7,1), FT4 -
46,6 pM/I ( refr.: 12-22), rhTRAB - 32,4 1U/ml
(refr.. 0 - 1,5), ATPO - 288 IU/I (refr.: 0 - 34),
ALAT - 102 U/I, ASAT - 60 U/I, CPK - 75 U/I, CK-
MB - 51 U/I, Na - 138 mMol/l, K - 3,2 mM/I. Oc-
maHaAume KpbBHU nokazameau 6axa 68 Hopma.
Exoxapguoepagpua: pa3zwupeHue Ha gBe-
me npegcbpgua (56/40 mm), MumpaseH npbe-
meH - 34 MM, MUMpaAeH NPoAaNC CbC 3HAYU-
meAHo 3agebeanBaHe Ha nAamHama u peayp-
2umauua om 3-ma cmeneH, QOpMHa U MPUKYC-
nugaAHa peaypaumauua 2-pa cm, pegyuyupaHa
cucmoaAHa gpakuyua Ha uzmaackBaHe u noBu-
WeHO CUCMOAHO HaAfseaHe B GeaogpobHama
apmepusn (60 mmHg). He ce ycmanoBuxa gaHHu
3a akuHe3uAa UAU gpyau NPpOMEHU Ha anekca u
cpegHua yyacmbk Ha AeBua BeHmpukya.
,EAekmpokapguozpamume, npocaegeHu 6
guHamuKa, ca noka3aHu Ha dpueypu 1, 2 u 3.”



(Duzyé)a 1. EKT npu noc-
mbnbaHemo

Figure 1. ECG ad admis-
sion: sinus tachycardia,
premature ventricular
complexes, prolonged
QT, negative T-waves in
standard, AVF, V1 - V5
and ST-depression

Mpocaegeru B guHamuka EKT nokazaxa cycnekmHu 3a muokapgeH uHgapkm gaHHu: ST —eaeBauus ¢
HeaamuBHu T - BbAHu B8 V1,V2,V3 u AVF (Duz Ne 2), koumo Haroxuxa u3BbpwBare Ha cbpgeuHa
Kamemepu3auua 6 cneweH nopagbk.

e

Queypa 2.EKT Ha 5" geH
creg nocmbnBaHemo:
cycnekuua 3a ocmbp
MUoOKapgeH UHdapkm
(ST- eaeBauus u Heza-
muBHu  T-BbAHu B
V1,V2,V5 , AVF)

Figure 2. ECG on the 5"
day after admission: sus-
picion for acute myocar-
dial infarction (ST-eleva-
tion with negative T-
waves in V1, V2, V3 and
AVF)
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,CearekmuBHama kopoHapoepadgus, uzBbpweHa 8 cneweH nopagbk Ha 5-ua geH cAeg npuemaHemo,
U3KAIOYU CbMHEHUAMa 3@ OCMbP MUoKapgeH uHgapkm (cpuaypa 4).”

Queypa 3. EKI Ha 15-un
geH cAeg npuemaHemo:
npomeHume ca oms0By-
YyaAu, HopmaaHa EKI

Figure 3. ECG on the
15-th day after admis-
sion: all abnormalities
disappeared,

a normal ECG

Quzypa 4. CenekmuBHa KopoHapoezpadua Ha 5 geH caeg npuemaHemo: HopmaseH KpbBomok, 6e3
gaHHU 3a cmeHo3u uAu gpyau npomeHu B8 gBeme 2aaBHu KopoHapHU apmepuu U HUCXOgAWUA KAOH
Ha AaBama KopoHapHa apmepus

Figure 4. Selective coronarography on the 5" day after admission: a normal blood flow without data for
the occlusion of main left, left descending and right coronary arteries

EngokpuHoAaozua mom XV Ne 4/ 2010
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AedeHue u npomudaHe Ha 3aboraBane-
mo: npoBegeHomo uHmeH3uBHO AeveHue
BrkatouBawe uHgy3zuoHHU pamBopu (NaCl 5%,
serum glucosae, kaaueB xaopug), npe3 ycmama
-guypemuuu u O6ema-6aokep (Nebivolol 5
M2/gH), go3upaHa KucAopogo-mepanua. AHMU-
mupeougHomo AeveHue be npoBerkgaHo c Thy-
rozol 6 gHeBHa go3za 50 m2. Ao Kpaa Ha nvpBa-
ma cegmuua Om HavyaAOMoO Ha mepanuama
npoaBume Ha cbpgeyHa HegocmambyHOCM
6axa oBAagaHu U 06WOMO CbCMOAHUE 3HAYU-
meAHO nogobpeHo. Ao kpaa Ha Bmopama ceg-
muua EKI obpazume nokazaxa 6aazonpuamHa
eBoalouua go nbAHO Hopmaau3zupaHe Ha T-BbA-
Hume u ST-ceamenma 6 V1-V3 u AVF kbm kpan
Ha mpemama cegmuua (Que. Ne 3). CmeneHma
Ha MumpaAHama peaypeaumauus be pegyuupa-
Ha go 2-pa cmeneH, YcnopegHo C HOPMAaAU3U-
paHe Ha HaaseaHemo B nyamoHaaHama apme-
pus (35 mmHg). AeueHuemo 6e npogbaxkeHo B
ambyaamopHu ycaroBua ¢ nocmeneHHO pegy-
yupaHe go3ama Ha mupeocmamuka.

* ObCbXXAAHE

KAUHUYHUME U AaBopamopHU gaHHU Npu
onucaHua caydad nomBubpykgaBam guazHo3a-
ma bazegoBa 6oarecm ¢ meXkKU XOPMOHaAHU U
UMUHOAO2UYHU HapyweHua, XpOHUYHO-peuugu-
Bupuw, xog, BucokocmeneHHa gudy3zHa cmpy-
ma u npoaBu Ha TAO. Hacmwbnuaomo caeg ncu-
xocmpec ocmpo BaowaBaHe c npoaBu Ha
mexKa CbpgeyHa HegocmambyHOCM U Cyc-
neKmHuU 3a OCMbp KOpoHapeH uHuugeHm EKI-
npomeHu u3uckBaxa npoBexkgare Ha uHBa3zuB-
HO u3caegBaHe - ceaekmuBHa KOpoHapHa aH-
2uoepadun, KOAMO U3KAIOYU HaAudyue Ha
mpombomuuHa OKAY3ua U amepockKAepomuy-
HU npomeHu B KopoHapHume apmepuu. AaHHU-
me om cneuucpuyHume eH3zumHu mecmoBe
b6axa 6e3 omkAoHeHuA. VI3KAlOUUXME KOpPOHa-
peH Bazocnazbm (cuHgpom Ha Prinzmetal), ka-
kbBmo e Bb3imoxkeH B pe3yamam Ha ekcuecu-
BeH XopmoHaAeH gucmpec npu MexXXKbK xunep-
mupeougu3bm (12).

B gudepeHuuarHO-guazHOCMUYHO OMHO-
weHue umaxme npegBug u cuHgpombm Ha
Tako-Tsubo, onucan HeomgaBHa om anoHcku
aBmopu npu keHu 68 meHonay3a, Hal-yecmo
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HacmbnBaw, cAeg meXbK ncuxocmpec -
,Stress Cardiomyopathy”(6). Cbwuam npomu-
Yya C KapmuHama Ha OCMmbp KOPOHApPEH CUHg-
POM U CYCNEKMHU 3a OCMbP MUOKApegH UH-
cpapkm EKI-npomenu. IMpu me3u cayyau uHBa-
3uBHOMoO KoHMpacmHo u3caegBaHe nokazBa
HOpMaAeH KopoHapeH KpbBomok, HO xapak-
mepHU NpomeHu u3pa3aBawu ce cbe cnazbvm 6
MeguaAHuUAa ydacmbk Ha AeBua BeHmpukya u
6aAroHUpaHe Ha anekca - ,Ampulla cardiomy-
opathy”. Hue u3kAlouuxme mo3u CUHgPOM Ha
ocHoBaHue gaHHUmMe om exokapguozpadua-
ma, KaKmo U Ha KopoHapozpagckua obpaz Ha
AaBama KopoHapHa apmepus u HelHUA HUCXO-
gaw, KAOH, Yuumo xog 6e HenpomeHeH.

baazonpuamuuam u3xog 6 mo3u cayyad e
pe3yamam om npoBegeHo uHmeH3uBHO mupe-
OCMamuuHO AevyeHue u e gokazameacmBo 3a
Me>XKKa, amunu4yHO npomuyawia MupPeomMokK-
CUYHa Kapguomuonamusa, 4uamo maHudgecma-
uua e cBbp3aHa Cc gupekmHumMe U UHgupeKm-
HUMe eeKkmu Ha mupeougHume XOPMOHU
Bbpxy muokapgHume cmpykmypu. Had-8epo-
amHO, ocmpuam XopmoHaAeH gucmpec npoBo-
KUupaa ekcmpemHo BUcoKU KUCAOPOgHU HY>Kgu
Ha nepudepHo u ueHmpaaHo HuBo, e ocHoBHa
NpuYUHa 3a HaCMbNUAAMA MUOKapgHa ucxe-
MUA NPU  HOpPMaAeH KopoHapeH KpbBomok,
Kakmo u 3a Bb3HUKHaAama ocmpa Kapguo-nya-
MOHaAHa HegocmambuHocm. Om 3HayeHue
MOXe ga bbge CbWo akueAepupaHuam omao-
Bop Ha Gema-agpeHepauuHume peuenmopu u
nocm-peuenmopHume G-npomeuHu 8 muokap-
ga kbm Bucokume HuBa Ha mupeougHumMe Xop-
MoHu. LLlo ce kacae go npomeHume B kaanHua
anapam, cbwume buxa moz2au ga 6bgam cBop-
3aHu ¢ edpekma Ha TX Bbpxy eHgomeaa u cobe-
gUHUMEAHO-MbKAHHUME CMPYKMYpU Ha mum-
paaHua npbcmeH cBbp3aHu ¢ npogykuua Ha
UHPAAMAMOpPHU UUMOKUHU U 0bycaaBawu no-
BuweHa cuHmesa ¢ HampynBaHe Ha 2AI0K030a-
MUHO2AUKaHU (3). Hacmbnuaume npomeHu mo-
2am ga umam peBep3ubareH xapakmep 8 pe3ya-
mam Ha Ha npoBegeHomo agekBamHo Aeue-
Hue Ha xunepmupeougu3ma (1).

B 3akAloueHue, onucaHuam om Hac pagbk
cAyval Ha meXkka MupeomMoKcuYvHa Kapguomu-
onamusa npu bazegoBa 6orecm ¢ npoaBu Ha
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ocmpa MuoKapgHa ucxemus, CumyAupawa oc-
Mbp KOPOHApPEeH CUHGPOM NpU AUNcama Ha 006-
cmpykmuBHu npomeHu B KopoHapHume apme-
puu, mpabBa ga ce uma npegBug B guppeHuu-
aAHO-gUAa2HOMUYHO omHoweHue npu Bcuvku
cnewHu cbecmoaHua cBbp3aHu ¢ xunepmupeo-
ugu3zbm, HezaBucumo om HezoBama emuono-
eua. Cowume obycraBam noBuweH cbpgeuHo-
cbgoB puck u uzuckBam agekBamHo mepane6-
muyHo noBegeHue.
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Cepymnu Huba na TNF-alpha u neaakoxoana cmeamo3na
6oAecm npu nayueHmu c5C jaxapes guabem mun 2 u me-
maboAumeH CUHgpPOM

"Kyauema lepeHoBa, > Upena MaHoroBa, Xpucmo leopzue, ' 3axapu Hukumo6

' Kamegpa [lMponegeBmuka Ha BvmpewHu boaecmu/EHgokpuHorozua, MeguuuHcku (Dakyamem,
Tpakulcku YHuBepcumem,

2 Aabopamopusa no KauHuuHa VimyHoaozusq, YHuBepcumemcka boaHuua, Cmapa 3azopa

Serum Levels of TNF-alpha and Non-alcoholic Fatty Liver
Disease in Type 2 Diabetes Mellitus Patients with Meta-
bolic Syndrome

'Julieta Gerenova, *Irena Manolova, 'Hristo Georgiev, ' Zahari Nikitov
'Department of Endocrinology, Medical Faculty, Trakia University,
?Laboratory of Clinical Immunology

Pe3iome Abstract

HeaAakoxoAHama cmeamo3Ha 6oaAecm Non-alcoholic fatty liver disease (NAFLD),
(HACB) e xenamaaHama nposBa Ha memabo- the hepatic manifestation of metabolic syn-
AumHua cuHgpom (MC) u obuyvaliHo ce cBbp3- drome (MetS), is consistently associated with
Ba cbc 3amabcmabBaHe u 3axapeH guabem (3A) obesity and type 2 diabetes mellitus (DM). Adi-
mun 2. MacmHama mbkaH npogyuupa pa3Auy- pose tissue produces a number of proinflamma-
HU NPOUH(AAMaMOpPHU UUMOKUHU Kamo muy- tory cytokines such as tumor necrosis factor
Mop Hekpomusupawua cakmop aada (TNF- alpha (TNF-alpha). The objective of this study
alpha). Llea Ha Hacmoawomo npoyuBaHe ga ce was to evaluate the TNF-alpha concentrations in
uzcaegBam cepymHume KoOHUeHMpauuu Ha Bulgarian type 2 diabetes mellitus patients with
TNF-alpha npu 6bA2apcku nayueHmu Cbe 3axa- MetS and related these levels with NAFLD.
peH guabem mun 2 u MC u ga ce aHaAu3upam Methods: A total of 54 MetS patients with
me3u HuBa Bb68 Bpb3ka C HaAUYUEMO Ha uep- type 2 DM (26 males and 28 females) aged from
HOogpoOHU yBpexkgaHua. 32 to 74 years and 20 healthy controls (8 males
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Mamepuaa u memogu: V13caegBanu ca 54
nauueHma cvc 3A mun 2 u memaboAumeH CuH-
gpom (26 mbike u 28 »eHu) Ha Bb3pacm om 32
go 74 2oguHu ¢ gaBHocm Ha 3aboaaBaHemo
9,4 £ 8,5 20g. u 20 3gpaBu KoHMpoAu (8 mbxKe
u 12 »eHu) Ha Bv3pacm om 24 go 74 20guHu.
MemaboaumHuam cuHgpom 6e gedpuHupaH no
Kpumepuume Ha IDF 2009. Ha 6a3ama Ha exoe-
papckume NpomeHu Ha YepHua gpob nauue-
mume 0axa pa3geaeHu Ha makuBa c HeaAKo-
XOAHa cmeamo3Ha 6oaecm u makuBa 6e3 exoe-
pagpcku npomeHu. CepymHume HuBa Ha TNF-
alpha 6axa onpegeaeru c ELISA upe3 2omoBu
mbpaoBcku kumoBe (R&D systems, USA).

Pezyamamu: CpegHume naa3meHu HuBa
Ha TNF-alpha ca cueHugukaHmHo no-Bucoku
npu nauueHmume ¢ MC (5,05 +/- 2,6 pg/ml) u
0COOEHO NPU Me3uU C HeaAKOXOAHA Cmeamo3Ha
6orecm (5,22 +/- 2,6 pg/ml) 8 cpaBueHue c
KoHmpoaume (3,45 +/- 2,3 pg/ml; p<0,05). IMa-
uuenmume ¢ HACB 6axa pa3geaeHu Ha gBe
2pynu cnopeg cmolHOCMmMa Ha meguaHama Ha
TNF-alpha (c Hucku u Bucoku cepymHu HuBa Ha
TNF-alpha). MNMauyueHnmume c¢ Bucoku HuBa Ha
TNF-alpha 68 cepyma nokazaxa cuzHUUKaHMHO
noBuweHue Ha kpbBHama 3axap Ha 2AagHoO U
Ha YyepHOgpOOHUME mpaHcamuHazu. Haauyue-
MO Ha HEeaAKOXOAHa cmeamo3Ha 6oaecm aco-
uyuupa ¢ Bucoku cepymHu HuBa Ha TNF-alpha
(OR = 4,26; 95% Cl: 1,16 - 15,54; p = 0,028).

3akaroyenue: TNF-alpha yuacmBa 6 namo-
2eHe3ama Ha yepHogpobHUmMe HapyweHua npu
3axapeH guabem mun 2 u cepymHama KOHUEH-
mpauua Ha TNF-alpha mo>xe ga ce uznoa36a ka-
MO NOAe3eH MapKep 3a paHHa guaz2Ho3a Ha Xe-
namaAHUMe NPOMEHU NPU hayueHmu € pa32bp-
Ham memaboaumeH cuHgpom. VHxubuuusma
Ha akmuBHocmma Ha TNF-alpha moxxe ga 6bge
HoB aamepHamuBeH HauuH Ha AeveHue Ha na-
uueHmume CbC 3axapeH guabem mun 2 u Heaa-
KOXOAHa cmeamo3Ha boaecm.

and 12 females) aged from 24 to 74 years were
consecutively enrolled in this study. MetS and its
individual components were defined according
IDF 2009 criteria. Based on liver ultrasound,
patients were classified into either having
NAFLD or not. The serum concentrations of
TNF-alpha were measured by commercially
available enzyme-linked immunosorbent assay
(R&D systems, USA).

Results: The prevalence of NAFLD in MetS
patients with type 2 DM was 77,8 %. Mean plas-
ma levels of TNF-alpha were significantly higher
in all patients with MetS (5,05 +/- 2,6 pg/ml) and
especially in those with NAFLD (5,22 +/- 2,6
pg/ml) compared to the controls (3,45 +/- 2,3
pg/ml; p<0,05). Patients with NAFLD were divid-
ed into groups with high and low levels of TNF-
alpha defined by the median value of TNF-alpha.
Patients with high level of TNF-alpha showed sig-
nificantly increased fasting glucose and liver
transaminases concentrations in blood. The
presence of NAFLD was associated with higher
levels of TNF-alpha (OR = 4,26; 95% Cl: 1,16 -
15,54; p = 0,028).

Conclusion: TNF-alpha participate in the
pathogenesis of NAFLD and serum TNF-alpha
concentrations could be a useful marker for
early diagnosis of liver disturbances in patients
with diabete mellitus type 2 and metabolic syn-
drome. Inhibition of TNF-alpha activity may be a
potential approach to treat NAFLD patients.

KAIOHOBU AYMMWU: 3axapeH guabem mun 2,
memaboAumeH CUHgPOM, HEeaAKOXOAHa cmea-
mo3Ha boAaecm, mymop Hekpomu3upaw, ak-
mop aaga

KEY WORDS: type 2 diabetes mellitus, metabol-
ic syndrome, non-alcoholic fatty liver disease,
tumor necrosis factor alpha
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HeankoxoaHama cmeamo3Ha 6oaecm
(HACB) ce cpewa yecmo npu CbCMoOAHUA aco-
uuupawu ¢ uHcyauHoBa pezucmeHmHocm,
kakBumo ca 3amabcmaBaHemo, 3axapHua gua-
6em (3A) mun 2, gucaunugemuama, memabo-
aumuua cuHgpom (MC). MNMpomuBopeuuBu ca
gaHHUMe 3a HaAuyue Ha YepHOgpPOOHU npome-
HU NpU hayueHmu CbC 3axapeH guabem mun 2,
kamo nocpegcmBom exozpadckua memog,
mexkgy 50 u 75% om u3zcaegBaHume noka3zBam
KYMyAUpaHe Ha macmHa mbkaH 6 yepHua gpob
(4,9). B gonbAHeHuUe, npu cepua om aymoncu-
paHu CbC 3amAbcmaBaHe, HaAUYUEMO Ha 3axa-
peH guabem e ugeHMu@UUUPAHO Kamo puc-
kKoB akmop 3a pazBumue Ha HEAAKOXOAEH
cmeamoxenamum (18). BHumaHuemo Ha KAU-
HUYUCMuUMe KbM 4YepHogpobOHUME npomeHu
npu 3axapeH guabem ce 3acurBa nopagu goka-
3ameacmBama 3a cepuo3zHoCmMmMa Ha xenamaa-
Hume yBpe>kgaHua npu ma3zu 2pyna nayueHmu
(15). Mlumepec 3a u3zcaegoBameaume npegc-
maBaaBa ycmaHoBaBaHemo Ha mapkep 3a paH-
Ha gua2Ho3a Ha YepHOgPOOHUME NPOMEHU Npu
3axapeH guabem mun 2, ¢ UeA mAXHOMO
CMpUKMHO HabAlOgeHue u AeveHue.

Tymop Hekpomu3upawuam akmop arga
(TNF-alpha) e uumokuH, npou3Be>kgaH ocHoB-
HO, HO He camo om akmuBupaHume makpoda-
2u. Cekpemupa ce Cbwo maka om macmHume
KAEMKU, Kamo ca u3mepeHu Bucoku HuBa npu
3amabcmaBaHe U UHCYAUH - pe3ucmeHmHu
cbcmosaHua (12,16). Kugelmas u comp. yc-
maHoBuxa Bucoku naa3zmeHu HuBa Ha
npouHAamMamopHuUmMe UUMOoOKUHU Npu na-
uueHmu ¢ HACB u HeaAKkOXOAeH cmeamo-
xenamum (13). Apyau aBmopu obaue, He
ycmaBaBam noBuweHu cepymHu HuBa Ha
TNF-alpha npu HACBH (5).

Mo-gemaliaHu u3caegBaHua noka3axa no-
BuweHa ekcnpecua Ha TNF-alpha 6 uepHua
gpob u macmHama mbKaH, npaBelku Bepoam-
Ha poaama Ha TNF-alpha 8 namoezeHe3zama Ha
HEeaAKOXOAHUA cmeamoxenamum (7).

Llen Ha Hacmoawomo npoyuBaHe ga ce
uzcaegBam cepymHume KoHUEHMpauuu Ha
TNF-alpha npu 6bA2apcku nayueHmu CbC 3axa-
peH guabem mun 2 u MC u ga ce aHaAu3upam
me3u HuBa 666 Bpb3ka c HaAuduemo Ha uep-
HOogpoOHU yBpexkgaHus.
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Mamepuaa u memogu:

B moBa uzcaegBaHe ca nogbpaHu u Bkato-
yeHu npocnekmuBHo 54 nauueHma cbc 3A
mun 2 u memaboAumeH CUHgPOM (26 mbXKe U
28 >keHu) Ha Bb3pacm om 32 go 74 20guHU C
gaBHocm Ha 3ab6oaaBaHemo 9,4 £ 8,5 200, xoc-
numaausupaHu 8 YMBAA - 2p. Cmapa 3azopa
npe3 2009 2og. MemaboAaumHuam cuHgpom be
geduHupaH no Kpumepuume Ha IDF 2009. Om
uzcaegBaHemo, ¢ npegBapumeara aHkema, 6a-
Xa U3KAIOUYEHU hauueHmu C aHamHes3a 3a aAKo-
XOAHa 3Aoynompeba, ynompeba Ha xenamo-
MOKCUYHU MegukameHmu, NnpogecuoHaAHU
BpegHocmu, U/UAU KAUHUYHU UAU Aabopamop-
HU gaHHU 3a gpya2u NpuYuHU 3a YepHOgpobHU
HapyweHua (BupyceH xenamum).

Ha mabauua 1 ca npegcmaBeHu ocHoBHuU-
me gemozpaCcku, KAUHUYHU U BUOXUMUYHU Xa-
pakmepucmuku Ha u3ydaBaHume nauueHmu.
M3caegBanu baxa 20 3gpaBu koHmpoau (8 mb-
>Ke u 12 xeHu) Ha Bb3pacm om 24 go 74 20gu-
HU, C HAgHOPMEHO MeAeCHO me2Ao, be3 exoe-
pagpcku gaHHU 3a 4YepHogpobHU npomeHu
(maba. 2.). Exoepacpckomo u3caegBaHe ce u3-
BvpwbBawe c anapam Siemens Sonoline SL ¢
koHBekceH 3.5 MHz mpaHcgiocep, om eguH u
cbwu uzcaegoBamen (Xp. ) u guaezHocmuuu-
paHemo Ha cmeamo3ama 6e Ha 6a3ama Ha 0b-
wonpuemume  MeXXgyHapogHU Kpumepuu,
onucaHa om Hac nogpobHo (2). Ha 6a3ama Ha
exoepapckume NPOMEHU Ha YyepHua gpob na-
uueHmume 6axa pazgereHu Ha makuBa c exoe-
pagpcku gaHHU 3a cmeamo3a u makuBa 6e3
exo2padpcku NPOMeHU.

OnpegeAeHu U aHaAu3upaHu baxa cepym-
HUMe KOHUEeHmMpauuu Ha yepHogpobHumMe eH-
3umu - ALT (araHunmpaHcamuHasza), AST (ac-
napmamamuHompaHcgepasza), GGT (2amazay-
mamuAmpaHcgepaza), AunugHume nokazame-
AU - obw, xoaecmepoa, HDL-xorecmepoa,
mpu2AUUepugu u kpbBHama 3axap Ha 2AagHo.
Bcuuku AabopamopHu nokazameau ca uzmepe-
HU cAeg noHe 12-yacoBo Bb3gbprkaHe om npu-
eM Ha XpaHa.

CepymHume HuBa Ha TNF-alpha 6axa on-
pegeaeHu ¢ ELISA upe3 2omoBu mbpaoBcku
kumoBe (R&D systems, USA). Mo Bpeme Ha u3-
cregBaHemo, HUKOU OM nauueHmume u KoHM-
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Tabauua 1. Aemozpapcku, KAUHUYHU U BUOXUMUYHU Xapakmepucmuku Ha hauueHmume CbC 3axapeH guabem

mun 2 u memaboAaumeH cuHgpom (n=54)

Table 1. Demographic, clinical and biochemical data of type 2 diabetic patients with metabolic syndrome (n=54)

Moka3amen/Variable

Bb3pacm (20g.)/Age (years) 58,7 £ 9,8
Mubxke (%) /xeHu (%) /Males (%)/Females (%) 26 (48%) / 28 (52%)
AaBHocm Ha 3A mun 2 (20g.) /Diabetes duration (years) 9,4+ 8,5 (1-45)
UTM (kg/m?) /BMI (kg/m?) 33,8 +6,7
Kp. 3axap Ha 2aagHo (mmol/l)/Fasting plasma glucose (mmol/I) 9,1 % 3,1
Uncyaun (LU/ml)/Insulin (uU/ml) 13,8+ 12,2
FrukupaH xemo2A060uH A1 C (%)/Glycated haemoglobin A1 C (%) 11,0 £ 2,4
O6w, xonecmepoa (mmol/l)/Total cholesterol (mmol/l) 59+1,3
LDL-xonecmepoa (mmol/l)/LDL-cholesterol (mmol/l) 44+1,3
HDL-xorecmepoa (mmol/l)/HDL-cholesterol (mmol/1) 1,3+£04
Tpuaauuyepugu (mmol/l)/Triglycerides (mmol/1) 2,9+ 2,1
ApmepuaAHa xunepmoHusa (+)/Hypertension (+) 87%

CmouHocmume ca npegcmaBeru kamo cpegHu cmolHocmu £ SD.

10

TNF-alpha pg/ml

KOHTPOSM MC HACB
controls MS NAFLD

TNF-alpha 3,45 5,05 5,22

POAHUME AUUQ HAMAWe aHaMHEeCMUYHU U/UAu
KAUHUYHU gaHHU 3a ocmpa OakmepuaAHa UAU
BupycHa uHekuus.

Cmamucmuyecku aHaAu3: Bcuuku pe3ya-
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Quzypa 1. [MrazmeHu
HuBa Ha  TNF-alpha
(pg/ml) npu koHmMpoAu,
nauueHmMu CbC 3axapeH
guabem mun 2 u mema-
6oAUMEH CUHgPOM U na-
uueHmu CbC 3axapeH
guabem mun 2, mema-
6oAUMEH CUHgPOM U He-
aAKOXOAHA cmeamo3Ha
b6oaecm.

Figure 1. Plasma levels
of TNF-alpha (pg/ml) in
controls, type 2 DM
patients with MetS and
type 2 DM patients with
Met Sy and NAFLD.

mamu ca npegcmaBeHu Kamo cpegHuU cmodu-
Hocmu * SD. 3a cmamucmuuecku aHaAu3 ca
u3znoa3zBaHu geckpunmuBHa cmamucmuka, na-
pamempuyuHu (t-test)
(Mann-Withney U test, x2-test ) mecmoBe.

U Henapamempu4yHu



3a ga ycmarnoBum gaau Bucokume cepym-
Hu HuBa Ha TNF-alpha umam 3HaueHue 3a pas-
Bumuemo Ha HACB 6ewe uznoa3zBaHo omHo-
weHuemo Ha paszaukume OR (Odds Ratio).
CmotHocmume Ha OR ca npegcmaBeHu cbe
cbomBemHua 95% goBepumeneH uHmepBan
(95% Cl) u baxa uzuucaeHu uznoa3Balku caeg-
HUA gocmbneH on-line cmamucmuvecku Kaa-
kyaamop http://spatpages.org/ctab2x2.html.
3a HuBo Ha 3Hayumocm ce npuema p < 0,05.
AaHHume ca obpabomeHu cbC cmamucmuvec-
ka npoepama SPSS, Bepcua 16.

Pe3yamamu:

Exoepagpcku gaHHu 3a HACB ycmanoBux-
me npu 42 (77,8 %) om nayueHmume cbC 3A
mun 2 u memaboaumeH cuHgpom. CpegHume
nAaazmeHu HuBa Ha TNF-alpha ca cueHugukaHm-
HO no-Bucoku npu nauueHmMume cbc 3A mun 2
u MC (5,05 +/- 2,6 pg/ml) u ocobeHo npu me3u
Om mAX - C HEAAKOXOAHA cmeamo3Ha 6oAaecm
(5,22 +/- 2,6 pg/ml) 8 cpaBHeHue c KOHMpPOAU-
me (3,45 +/- 2,3 pg/ml; p<0,05) (Dua.1).

[MauueHmume ¢ HACBH 6axa pa3zgeaeHu Ha
gBe epynu - ¢ Bucoku u HUCKU cmOUHOCMU Ha
TNF-alpha) cnopeg cmoiHocmma Ha meguaHa-
ma. MayueHmume ¢ Bucoku HuBa Ha TNF-alpha
B cepyma nokazaxa cuzHugpukaHmHo noBuwe-
Hue Ha KpbBHama 3axap Ha 2aagHo (p=0,012) u

Ha u4epHogpoOGHumMe mpaHcamuHasu (ALT-
p=0,090) (Due. 2; Oue. 3).

INpu 6oAHUMe ¢ Bucoku cepymHu HuBa Ha
TNF-alpha ce HabaogaBa mHo20 no-Bucoka yec-
moma Ha HACB (76%) 6 cpaBHeHue ¢ 6OAHU-
me ¢ Hucku cepymHu HuBa Ha TNF-alpha (42%)
(x2 = 4,84, p=0,028). PecnekmuBHo, bewe yc-
maHoBeHo, uye Bucokume cepymHu HuBa Ha
TNF-alpha acouuupam ¢ Hag 4 nbmu no-Bucok
puck om pa3zBumuemo Ha HACH (OR= 4,26;
95% CI - 1,16 - 15,54; p=0,028).

O6cbxgaHe:

B Hawemo npoyuBaHe ycmaHoBuxme npu
77,8 % om nauueHmume cbcC 3A mun 2 u me-
maboAumeH CUHgPOM exoz2paddcku gaHHU 3a
HACB. Tazu yecmoma e no-Bucoka om ycma-
HoBeHama om Hac 8 npexogHomo u3caegBaHe
- HaAuyYue Ha exoepaddCku gaHHU 3a cmeamo3sa
8 46,2 % om u3caegBaHume guabemuuu mun
2 (2). BepoamHo moBa ce gbAXKU Ha npocnek-
muBHuAa xapakmep Ha Hacmoawomo u3caegBa-
He U mapezemHama 2pyna om nayueHmMu CbC
3A mun 2 u memaboAumeH CUHgPOM C AOW Me-
maboAaumeH KOHMpPOA, koamo e Had-Bucoko
puckoBama e2pyna 3a pa3zBumue Ha uyepHOQg-
pobHU U cbpgeyHo-cbgoBu ycroxkHeHua. Ha-
wume pe3yamamu ca 6Au3ku go me3u Ha M.
boaHoB u cobmp., koumo ycmaroBaBam uec-

mmol/Il

GLU CHOL
Kp.3ax Xon.

XOJ1

Dueypa 2. KpbBHa 3a-
Xap Ha 2AagHO U AU-
NUgHU  noka3ameau
npu nauueHmu nauu-
€HMU CbC 3axapeH gu-
abem mun 2, mema-
6oAUMEH CUHgPOM U
HeaAKOXOAHa — cmea-
mo3Ha boaecm nog-
pa3geAeHuU Ha 2pynu
nayueHmu € HUCKU U
Bucoku cepymHu HuBa
Ha TNF-alpha (pg/ml).

Figure 2. Serum fast-
ing glucose and lipid
concentrations in type
2 DM patients with

HDL TRG

TPV
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Met Sy and NAFLD
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Queypa 3. YepHog-
pobHU MmpaHcamuHazu
(U/l) npu nauueHmu na-
UUEHMU CbC 3axapeH
guabem mun 2, mema-
6oAUMeEH CuHgpom U
HEaAKOXOAHa  cmea-
mo3Ha b6oaecm nog-
pa3geAeHu Ha 2pynu
nayueHmu ¢ HUCku U
Bucoku cepymHu HuBa
Ha TNF-alpha (pg/ml).

Figure 3. Serum liver
transaminases concen-
trations(u/l) in type 2

T
GGT

00 HUCBK/low TNF 19,9 19,9

DM patients with Met

44,9 Sy and NAFLD divided

0 Bucok/high TNF 22,2 25,9

45.3 in groups of patients

with high and low levels

moma Ha cmeamo3ama C exo2pagckua memog
B8 75% om u3zcaegBaHume >XeHu CbC 3axapeH
guabem mun 2 u 2aukupaH xemo206uH > 11,0%
(1). A. MameBa noguepmaBa 3HaueHuemo Ha
memaboAumHuUA CUHgPOM U 3axapHua guabem
kKamo ocHoBHuU dakmopu goBeau go pa3zBu-
mue Ha HEeaAKOXOAHa uyepHOgpobHa mMacmHa
uHcpuampauus (3).

3axapHuam guabem mun 2 ¢ xapakmepHa-
ma 3a Hea2o uHcyAauHoBa pe3ucmeHmHocm u
noBuweHomo HampynBaHe Ha Ma3HUHU UHM-
paueayrapHo B uepHua gpob obycaaBa xena-
maAHume HapyweHua. YcmaHoBeHume om Hac
cuzHupukaHmMHo no-Bucoku cepymHu HuBa Ha
KpbBHama 3axap Ha 2AagHO U MeHgeHuuama
3a no-Bucoku cmolHOCMU Ha Mpu2AULUPUgU-
me 6 2pynama nayueHmu ¢ HACB u Bucoku ce-
pymHu HuBa Ha TNF-alpha nogkpena mezama
3a poArama Ha TNF-alpha 6 namozeHezama u
npozpecuama Ha HACDH npu 3axapeH guabem
mun 2. Poaama Ha TNF-alpha 3a pazBumuemo
Ha uHcyauHoBa pezucmenmuocm u HACH ce
npuema om mMHo20 u3caegoBameau. Npouecu-
me ca KOMNAEKCHU, OnpegeAawo 3HaveHue
uma 6anaHca Mexgy npouHgAamamopHume
uumokuHu - TNF-alpha, IL-6 u pegucmuHa om
egHa cmpaHa, koumo yBeauuaBam uHcyauHo-
Bama pe3ucmeHmHocm u aHmuBb3nasumea-
HUA egpekm Ha agunoHekmMuHa om gpyza cmpa-
Ha, koumo Bogu go nogmuckaHe Ha cuHmesa
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of TNF-alpha (pg/ml).

Ha TNF-alpha u cmumyaupa ocBobokgaBaHe-
MO Ha UUMOKUHU C aHMa2oHUCMU4HO gelcm-
Bue - IL-10, IL-1 peuenmopHuU aHMaz2oHUCMU
(14,17). Ferreira V. u comp. ycmaroBaBam co-
wo Bucoku cepymHu HuBa Ha TNF-alpha npu
nauueHMu CbC 3axapeH guabem mun 2 u
HACB guazHocmuuupaHa exozpadcku. B co-
wama 2pyna hayueHmu e no-Bucoka yecmoma
Ha memaboAumHua cuHgpom (8). Tesu pe3ya-
mamu u gaHHume om Hawemo npoyuBaHe 3a
HaAau4ue Ha noBuweHu cepymHu HuBa Ha TNF-
alpha npu nauueHmume ¢ no-Bucoku HuBa Ha
kpbBHama 3axap Ha 2AagHO U Ha YyepHOgpoO-
HUMEe mpaHcamuHa3u nogkpenam xunome3a-
ma 3a yyacmuemo Ha TNF-alpha 8 npouecume
Ha yepHogpobHama uHcyAauHoBa pe3ucmeHm-
Hocm u 3a pazBumuemo Ha xenamaaHume y6-
pekgaHua. YcmaHoBeHume 6 Hawemo u3caeg-
BaHe no-Bucoku cepymHu HUBa Ha ALT 6 kKoxop-
mama nauyueHmu ¢ Bucoku cepymHu HuBa Ha
TNF-alpha 8 cpaBHeHue ¢ epynama ¢ HUCKU HU-
Ba Ha TNF-alpha nomBubp>kgaBa me3ama Ha
Chang u comp. 3a uHpopmamuBHocmma Ha
ALT 3a pazBumue Ha paHHU YepHOgPOOHU Ha-
pyweHua (6).

[Mpu nauueHMu ¢ memaboAUMEH CUHGPOM
TNF-alpha kopeaupa cuzHugukaHmHo ¢ beae-
3ume Ha uHcyauHoBa pesucmenmHocm u Gur-
rola-Diaz C. u comp. uzkazBam xunome3zama 3a
BbBexkgarHemo Ha TNF-alpha kamo mapkep 3a



Tabauya 2. Aemoz2paddcku, KAUHUYHU U BUOXUMUYHU Xapakmepucmuku Ha 3gpa-
Bume koHmpoau (n=20)

Table 2. Demographic and clinical data of healthy controls (n=20)

Mokazamena/Variable

Bb3pacm (20g.) /Age (years) 53,4+9,5
Muwbxe (%) /xxeHu (%)/Males (%)/Females (%) 8 (40%) / 12 (60%)
UTM (kg/m?)/BMI (kg/m?) 31,1+ 1,8
Kp. 3axap Ha 2aagHo (mmol/I) 49+0,5
Fasting plasma glucose (mmol/l)

Uncyaun (LU/ml)/Insulin (uWU/ml) 74+1,5
O6uw, xorecmepoa (mmol/l) 581,3
Total cholesterol (mmol/l)

LDL-xoArecmepoa (mmol/l) 43+1,2
LDL-cholesterol (mmol/1)

HDL-xoArecmepoa (mmol/l) 1,4+0,5
HDL-cholesterol (mmol/l)

Tpuzaauuepugu (mmol/l)/Triglycerides (mmol/I) 1,1£0,6
ApmepuaaHa xunepmoHus (+)/Hypertension (+) 0 %

CmouHocmume ca npegcmaBeHu kamo cpegHu cmolHocmu + SD.

paHHa guazHo3a Ha 3aboaaBaHun, cBbp3aHu ¢
Bb3naaumeAHu npouecu N0 muna Ha memabo-
AumHua cuHgpom (10). Ho kamo ce uma 6
npegBug e2eHemu4yHUMeE pazAuduUA U Xemepo-
2EHHOCM Ha pa3AuvHUME nonyaauuu, BauaHue-
MO Ha pakmopume om OKOoAHama cpega, no-
AoBume pazaudun, KAUHUYHUME Xapakmepuc-
muku Ha 3aboaaBaHuama, wupokua guanazoH
Ha cmoUHocmu Ha cepymuu HuBa Ha TNF-alpha
8 pa3zauuHume u3caegBaHu epynu, koemo Be-
poamHo onpegeaa u pazauduama 6 pesyama-
mume Ha u3zcregoBameaume, me npenopbu-
Bam uzpabomBaHe Ha cneuyuduyHu 2paHuuu
3a Bcaka uzcaegBana 2pyna. 3a cb3zgaBaHemo
Ha makuBa pedepeHmHU 2paHulUU e Heobxogu-
Mo u3caegBaHe Ha no-2oaam Gpod nauueHmu u
uznoa3zBaHemo Ha yepHogpobOHa Guoncun, Ka-
mo eguHcmBeH memog, npuem 3a - ,3AameH
cmaHgapm” 3a BepuduyupaHe Ha XUCMOAO-
2UYHUME NPOMEHU, KOEMO € O2paHuYeHue Ha
Hawemo npoyyBaHe.
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Kanuri G. u comp., 6 onumHa nocmaHoBka
C MUWKU, goka3zaxa yd4acmuemo Ha TNF-alpha
8 yepHogpobHUMEe npouecu Ha yBpega u noBu-
waBaHa Ha naazmeHume HuBa Ha ALT no HoB
nbm Ha Bb3getdcmBue - upe3 PPYKMO30 - UH-
gyuupaHama HACbB, koemo gokazBa katouoBo-
MO 3HaYeHuUe Ha MOo3U UUMOKUH 3a pa3Bumue-
MO Ha yepHOgpoOHUME HapyweHua, No pas-
AUYHU namozeHemuyHu mexaHuzmu (11).

3akaroyenue: TNF-alpha yuacmBa 68 namo-
2eHe3ama Ha vyepHogpobHUmMe HapyweHua npu
3axapeH guabem mun 2 U U cepymHama KOH-
ueHmpauua Ha TNF-alpha mo>ke ga ce uznoa3B8a
Kamo NnoAe3eH mapKep 3a paHHa guaz2Ho3a Ha
XxenamaAaHume npomeHu, ocobeHo B Hal-pucko-
Bama koxopma nauyueHmu - me3u om max, C
pa32bpHam memaboAumeH cuHgpom. VHxubu-
yuama Ha akmuBHocmma Ha TNF-alpha moxe
ga 6bge HOB aamepHamuBeH HauyuH Ha Aede-
HUe Ha nhauueHmMume CbC 3axapeH guabem
mun 2 U HEaAKOXOAHaA cmeamo3Ha boarecm.
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Peslomemama ce npegcmaBam Ha omgeAHu
cmpaduuu.Te mpa6Ba ga ompazaBam KoHKpemHo
pabomHamaxunomes3a u ueama Ha pazpabomka-
ma, uznoazBarume memogu, Had-8BaxkHUMe pe3ya-
mamu u 3akatodeHun. KaiouoBume gymu (go 5),
cbobpaszeru c ,Medline”, mpabBa ga ce nocouam
6 kpaa Ha Bcako pesiome.

Cmpykmypama Ha cmamuume mpabBa
omzoBapa Ha caegHume u3uckBaHua:

TumyAHa cmpaHuya

a) 3a2nabue, umeHa Ha aBmopume (cob6ecmBeHo
ume u pamuaus), HazBaHue Ha HayuHama opzaHu3a-
uua uau AevedbHomo 3aBegeHue, B koemo me pabo-
mam. [pu noBeye om egHo 3a BegeHue umeHama Ha
cbwume u Ha cbomBemuume aBmopu ce mapkupam
C uuppu uau 38e3guuxy;

6) cbwume gaHHU Ha aHa2AUUCKU e3uK ce
uznucBam nog 6bA2apckua mekcm.

3abeAexkka: Npu cmamuu om yy>xxgu aBmopu
Obacapckuam mekcm caegBa aHzautckua. TouHuam
npeBog om aHaaulicku Ha ObAz2apcku ce ocuaypaBa
om pegakuyuama. ToBa ce omHaca u 3a ocmaHaau-
me mekcmoBe, BkalouumeaHo pe3lomemama Ha

ga

H6bA2apCKuU.
OcHoBen mekcm Ha cmamuama
OpuzauHaAHUME cmamuu  3agbAXKUMEAHO

mpabBa ga umam caegHama cmpykmypa: yBog,
mamepuaa u memogu, cobcmBeHu peyamamu, 06-
cbXKgaHe, 3akaloueHue uau u3zBog.

Memogukume caegBa ga 6bgam nogpobHo
onucaHu (BkalouumeaHo Bugbm u dupmama npo-
uzBogumen Ha uznoa3zBaHume peakmuBu uanapa-
mypa). Cbwomo ce omHaca u 3a cmamucmuyec-
Kume memogu.

Te3u uzuckBaHua He Baxxam 3a o630pume u
gpyaume BugoBe nybaukauuu. B mekcma ce go-
nyckam camo OOUUUAAHO npuemume MeXKgyHa-
POgHU CbKpaweHus; npu uznoa3zBare Ha gpyau Cbk-
paweHua me mpabBa ga Gbgam U3pPUYHO NOCOYEHU
6 mekcma. 3a mepHUMeE eguHUUU € 3agbAXKUMEAHA
mexkgyHapogHama cucmema Sl. Liumamume Bbm-
pe 8 mekcma e npenopbuumeAHo ga 6bgam omobe-
Aa3B8aHu camo ¢ Homepama um 8 KHuzonuca.

MAarocmpayuu u mabauyu

VMatocmpauyuume kbm mekcma (uaypu, 2pa-
dpuku, guazpamu, cxemu u gp. — YepHo-6eau konua ¢
Heobxogumua gobbp KoHmMpacm u kauecmBo) ce
npegcmaBam Ha omgeaHu aucmoBe (6e3 obacHu-
meaeH mekcm), B8 opuauHaa u gBe konua 3a Bcaka
om max. Tekcmbm Kbm puzypume cbc cbomBem-
Hama um Homepauusa (Ha 6bA2apcKu U Ha aH2AUUCKU
e3uK) ce Npuaaza Ha omgeaeH Aaucm H onuc. Ha 2bp-
6a Ha Bcaka pueypa ce HagnucBam ¢ moauB cvbom-
BemHuam Homep (c apabeku uudppu), 3a2aabuemo Ha
cmamuama u umemo Ha Bogewua aBmop, kamo ce
nocouBa u macmomo (20pe, goay). Tabauuume ce
npegcmaBam ¢ 2omoBo HanucaHu obacHumeAHu
mekcmoBe Ha GbA2apCKU U HA aH2AUUCKU, KOUMO ca
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Pa3NoOAOXKEHU Hag MAx; HoMepauuama um e omgeaHa
(cbwo ¢ apabeku yudppu). MNMocoueHume B8 mabauya-
ma gaHHu He mpabBa ga ce gybaupam ¢ me3u Bv0
dpuaypume. B mekcma He ce ocmaBa macmo 3a ualoc-
mpauuume; Cbwomo ce nocouBa CbC cmpeaka u Cb-
omBemtua Homep B8 AaBomo 6aA0 noae Ha Aucma.

KHuzonuc

KHuzonucbm ce npegcmaBa Ha omgeaeH
Aucm. bpoam Ha uyumupaHume u3MOYHUUU €
npenopbyumeaHo ga He HagxBvpaa 15 (3a
o63o0pume go 30), kamo 2/3 om max ga 6bgam om
nocaegHume 5 2oguHu. [NogpexkgaHemo cmaBa no
azbyueH peg (nbpBo Ha KupuAuua, nocae Ha
AamMuUHUUA), Kamo CAeg nopegHua Homep Cce
ombeaa3zBa hamuaHomo ume Ha nvpBua aBmop,
caeg moBa uHuuuaaume my; Bcuvuku ocmaHaau ab-
mopu ce nocouBam c uHuuuaaume, nocaegBa Hu
om pamurHomo ume (8 obpameH peg). CregBa uga-
AomMo 3azaaBue Ha uumupaHama cmamus, caeqg He-
20 — Ha3BaHuemo Ha cnucaHuemo (uau obwonpue-
mMOomMo My CbKpaweHue), mom, 20guHa, bpol Ha
KHU>KKama, HauyaAHama u kpatHama cmpaxuua. [aa-
Bu (pazgeau) om kHuzu ce uznucBam no aHaro2u-
YyeH HayuH, kKamo cAeg aBmopa u 3az2aaBuemo Ha
2aaBama (pazgeaa) ce ombeaazBam nvaHOMO 3a2-
AaBue Ha KHuU2ama, umeHama Ha pegakmopume (68
ckobu), uzgameacmBomo, 2pagbm U 20guHama Ha
u3gaBane, HauaaHama u KpalHama cmpaHuua.
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