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Summary

TRH-like peptides are characterized by substitution of basic amino acid histidine
(related to authentic TRH) with neutral or acidic amino acid, like glutamic acid,
phenylalanine, glutamine, tyrosine, leucin, valin, aspartic acid and asparagine. The presence
of extrahypothalamic TRH-like peptides was reported in peripheral tissues including
gastrointestinal tract, placenta, neural tissues, male reproductive system and certain endocrine
tissues. Work deals with the biological function of TRH-like peptides in different parts of
organisms where various mechanisms may serve for realisation of biological function of
TRH-like peptides as negative feedback to the pituitary exerted by the TRH-like peptides, the

role of pEEPam such as fertilization-promoting peptide, the mechanism influencing the
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proliferative ability of prostatic tissues, the neuroprotective and antidepressant function of

TRH-like peptides in brain and the regulation of thyroid status by TRH-like peptides.
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Introduction

Thyrotropin-releasing hormone (TRH), a major hypothalamic factor in regulation of
thyrotropin (TSH) secretion, was the first chemically defined hypophyseotropic hormone
(Boler et al. 1969, Burgus et al. 1970, Schally et al. 1969). It is worth noting that one of the
leaders working in the area concerning the TRH research was Professor V. Schreiber from
Prague, Czech Republic, which already in 1959 formulated the hypothesis that
adenohypophyseal acid phosphatase is related to thyrotropin secretion and that TRH is its
possible activator (Schreiber and Kmentova 1959, Schreiber et al. 1962). TRH precursor,
human prepro-TRH, consists of 242 amino acid residues, and contains six separate copies of
the TRH progenitor sequence (Satoh and Mori 1994), which determine the primary structure
of TRH as a tripeptide pyroglutamyl-histidinyl-proline amide. The transcriptional unit of
prepro-TRH is localized on chromosome 3 in humans (three exons interrupted by two introns)
(‘YYamada et al. 1990).

TRH-like peptides are related to TRH. These peptides are characterized by substitution
of basic amino acid histidine (related to authentic TRH) for neutral or acidic amino acids
(Pekary et al. 1983). The presence of TRH-immunoreactive peptides was reported not only in
the hypothalamus, but also in peripheral tissues including the prostate gland and male
reproductive system, retina, placenta, gastrointestinal tract, neural (brain) and certain

endocrine tissues including pituitary, Langerhans’ islets, thyroid and adrenal gland (Bilek



2000). TRH immunoreactivity corresponding to TRH-like peptides were detected also in the
mammary gland and the milk (Ghilchik et al. 2000).

To 1995, four TRH-like peptides were identified and characterized by having their
central amino acid histidine (related to authentic TRH) exchanged for glutamic acid (Cockle
et al. 1989a, Cockle et al. 1989b), phenylalanine (Gkonos et al. 1994, Khan et al. 1992),
glutamine (Khan et al. 1992), or tyrosine (Lackey 1992, Pekary et al. 2005). Recently
additional TRH-like peptides were discovered in brain, where histidin of TRH was exchanged
for leucin or valin (Hinkle et al. 2002, Pekary and Sattin 2001), or in testis where histidin of
TRH was exchanged for aspartic acid or asparagine (Ruiz-Alcaraz and Del Rio-Garcia 2005).
An N-extended form of TRH-like peptides was observed in substantial concentration in
human plasma (Ruiz-Alcaraz and del Rio-Garcia 2003) or in human semen (Khan and Smyth
1993). The analysis of rabbit prostate and testis have shown that in contrast to the prostate,
testis contains high concentrations of N-extended form of pEFPam, but essentially no
tripeptide (Linden et al. 1996). Similar results were found in human testis and prostate (Bilek
et al. 1994). It emerges from these papers that the authentic TRH and extrahypothalamic

TRH-like peptides have primary structures pyroGLU-HIS-PRO.NH, (TRH), pyroGLU-ASP-
PRO.NH2 (pEDPam), pyroGLU-ASN-PRO.NH2 (pENPam), pyroGLU-GLU-PRO.NH2
(pEEPam), pyroGLU-GLN-PRO.NH2 (pEQPam), pyroGLU-LEU-PRO.NH2 (pELPam),
pyroGLU-PHE-PRO.NH, (pEFPam), pyroGLU-TYR-PRO.NH, (pEYPam), and pyroGLU-
VAL-PRO.NH, (pEVPam), respectively. TRH-like peptides possess a C-terminal amide

group which is characteristic for many biologically active peptides. The actual research is
targeted mainly on pEEPam and pEFPam, which may be most important members of TRH-

like peptides. TRH-like peptides cannot be expressed from the TRH gene and mechanism of

their expression is not known. | _ - { KomentaF [rb1]: Figure 1




Interaction of TRH-like peptides with TRH receptors

TRH cell-surface receptors type 1 (TRH-R1) and type 2 (TRH-R2) have been cloned
from mammals. They belong to the superfamily of G protein-coupled receptors. These
receptors are distributed differently in the brain and peripheral tissues, but exhibit
indistinguishable binding affinities for TRH and TRH analogs. Although they both can be
stimulated by TRH to similar maximal signaling levels, TRH-R2 exhibits higher basal
signaling activity and is more rapidly internalized than TRH-R1 (Sun et al. 2003). TRH-R2
was isolated from rat brain cDNAs. Northern blot analysis with TRH-R2 probe revealed
brain-specific expression of a 9.5 kb mMRNA (Itadani et al. 1998). Consistent expression was
found for both receptors, TRH-R1 and TRH-R2, also in rat thyroid gland (De Miguel et al.
2005). For now, this type of receptor (TRH-R2) was found only in rat and mouse, not in
human.

TRH-R1 specific mMRNA was detected in most of the peripheral tissues tested, and it
may be suggested that TRH-R1 has specific functions in these tissues (Fukusumi et al. 1995),
mainly because the half-time of TRH in circulation is only 6.5 minutes in euthyroid subjects
(Ilversen 1991). Human TRH-R1 is a 45 kDa, 398 amino acids, 7 helices transmembrane G-
protein coupled glycoprotein receptor, which activates the phosphatidylinositol-calcium-
protein kinase C transduction pathway after the interaction with TRH. The gene responsible
for its expression is localized in the long arm of human chromosome 8 (cytogenetic band
8023) (Morrison et al. 1994). Human TRH-R1 belongs to an extensive group 1 (rhodopsin-
like) of G-protein coupled receptors with structure according Swiss Institute of Bioinformatic
and European Bioinformatics Institute (Swiss-Prot entry, accession number P34981,) which
consists of seven transmembrane regions linked with three extracellular and three intracellular
loops. The glycosylated N-terminus is placed on the extracellular side of the membrane and a

potentionally phospohorylated C-terminal end is found in a cytoplasmatic membrane site.



The basic question is whether TRH-like peptides can interact with TRH-R1 and TRH-
R2. Multiple computational methods have been employed in a comparative study of TRH-R1
and TRH-R2. Using de novo modeling procedures of human TRH-R1 (G-protein coupled
receptors model) on an automated protein modeling server at the Glaxo Wellcome
Experimental Research, Geneva, Switzerland, no direct evidence is that TRH-like peptides
can interact with the presented human TRH-R1 model. On the contrary, with respect to the
similar 3D-shape and the identity of terminal amino acids, it appears that these interactions
are highly probable as well as the nearly 100 % cross-reactions between TRH or TRH-like
peptides and antibody specific against authentic TRH (Bilek and Starka 2005). This
assumption can be suported by experiments used to characterize TRH binding sites in rat
brain cortex. Replacement of [*H][3-Methyl-His] TRH from single population of high-affinity,
low-capacity binding sites in cortex by peptides, in which the histidyl residue of TRH was
systematically replaced by a series of 24 natural and unnatural amino acids, showed that
values of interaction constant varied from 10 to 10 mol/l and the potency order was:
[*H][3-Methyl-His2] TRH >His>Leu,Phe,Asn>GIn, Arg, Thr, Ala (Kelly et al. 2002). It was
also reported that TRH-like peptides bind with high affinity to TRH-R2 in rat brain, and that

this receptor acts as the transducer for some of the CNS effects. pEEPam, pEVPam and

pELPam were analeptics, like TRH, but pEFPam and pEYPam were not (Hinkle et al. 2002). | - - { KomentaF [rb2]: Figure 2

TRH-like peptides in reproductive tissues

The research of TRH-like peptides is concentrated mainly to the male reproductive
tissues. In rat prostate only TRH-like peptides are present (Bilek et al. 1992). According to
our previous experiments, we assume the existence of a local hormonal network formed by
TRH-like peptides and TSH in the prostate gland. The network can be associated with

circulating thyroid and steroid hormones, and may represent a new regulatory mechanism



influencing the proliferative ability of prostatic tissue. This is in the concordance with our
former experiments where the concentration of prostatic TRH-like peptides was sensitive to
circulating thyroid and steroid hormones (Bilek et al. 1996, Bilek et al. 1992). The main
hormonal influence acting upon the prostate is exerted by androgens, but androgens alone are
not sufficient for inducing normal or pathological growth and function of the prostate. The
decline of testicular function, which is detectable in men over fifty years old, introduces a
disbalance into the paracrine or autocrine production of various growth factors influencing the
prostate. Androgens may exert their effect on the prostate by regulating the synthesis of
growth factors. It could be supposed that sufficient level of androgens is able to suppress the
production of prostatic growth factors, and vice versa. Following disbalance, the synthesis of
growth factors is induced some way. It seems to be compatible with the fact that the number
of patients with benign or malignant prostatic disease increases with age and it is
accompanied with a decline of androgens. Our understanding, which is based on our results
concerning experiments with the prostatic gland, supposes that there might be an important
connection of TRH-like peptides to the prostatic local autocrine/paracrine network mediated
by extrahypothalamic TRH immunoreactivity corresponding to TRH-like peptides, and
extrapituitary thyrotropin (TSH) immunoreactivity also found in the prostatic tissue. A similar
system of intraepithelial lymphocyte hormonal regulation due to the local paracrine network
of TRH/TSH has been described in the gastrointestinal tract (Shanahan 1997, Wang et al.
1997), where the extrahypothalamic TRH reacts with receptors on enterocytes, which is
followed by thyrotropin (TSH) expression. TSH is bound to specific receptors on
intraepithelial lymphocytes and cast an influence on their maturation. It may be suggested that
the role of TRH, which is not present in a prostate gland could be overtaken by prostatic
TRH-like peptides, particularly when the endocrine cells of the prostate also produce TSH in

addition to TRH-like peptides (Abrahamsson and Lilja 1989). The prostatic gland is most



commonly affected by benign prostatic hyperplasia or prostatic cancer. They pose a difficult
medical and social-economical problem regarding their high prevalence mainly among men
over fifty years old. The expectant local prostatic network of TRH-like peptides/TSH may
bring new possibilities of regulation mechanisms in proliferation of the prostate gland.

In rat testis have been identified by chromatography and mass spectrometry pEEPam,
pEDPam, pENPam, pEQPam, pEFPam and pEYPam. A subcutaneous administration of the
pEEPam, pEQPam pEFPam were able to reduce plasma levels of testosterone and luteinizing
hormone (LH) without modification of the levels of follicle stimulating hormone (FSH).
Administration of pEDPam resulted in an increase of plasmatic testosterone without
modifying LH or FSH levels. Authors (Ruiz-Alcaraz and Del Rio-Garcia 2005) suppose that
TRH-like peptides which reduce the concentrations of testosterone and LH are released from
the testis and act in the pituitary due to circulation in an endocrine manner. The specific
inhibition of LH release is similar to that produced by inhibin on FSH release. pEDPam which
increases the levels of testosterone is produced in the testis and seems to act directly in the
testis in a paracrine or autocrine manner. The above mentioned authors proposed the generic
name of gonadins for the novel family of TRH-like peptides.

pEEPam has been named fertilization-promoting peptide because of its ability to
enhance the in vitro fertilizing potential of mouse epididymal spermatozoa (Cockle et al.
1994). The peptide was found in the seminal plasma of several mammalian species and it
stimulates mouse and human sperm capacitation and fertilizing ability in vitro (Green et al.
1996a). Supposed mechanism is that pEEPam may act by modulating the adenylate
cyclase/cyclic AMP signal transduction pathway (Green et al. 1996b). pEEPam was the
predominant TRH-like peptide in epididymis, and pEEPam concentration in the epididymis of

male rats increased 3-fold after treatment with valproate (Pekary et al. 2006d), or 3- to 25-fold



after i.p. administration of escitalopram which is a highly selective serotonin reuptake

inhibitor (Sattin et al. 2008).

TRH-like peptides in central nervous system (CNS)

TRH exerts multiple CNS-mediated actions that can have therapeutic potential in
treating a wide range of neurological disorders. The clinical use of TRH are hindered due to
its rapid degradation by TRH-degrading ectoenzyme (Scalabrino et al. 2007). TRH and TRH-
like peptides have neuroprotective, antidepressant, anti-epileptic, analeptic, arousal, anti-
ataxic, and anorectic properties that could mediate the neuropsychiatric and therapeutic
effects of a variety of neurotropic agents (Pekary et al. 2010, Sattin et al. 2008). High
pressure liquid chromatography revealed that in many brain regions TRH immunoreactivity
was observed which was consisted of a mixture of TRH and other TRH-like peptides
including pEEPam, pEVPam, pEYPam, pELPam and pEFPam (Pekary and Sattin 2001). The
synthesis and release of TRH, and other neurotropic TRH-like peptides was mediated by
some of the mood stabilizing effects of valproate which facilitates the synthesis of TRH-like
peptides in rat brain (Pekary et al. 2006d). Both pEEPam and pEFPam produced significant
antidepressant effects, with pEEPam producing the stronger response (Lloyd et al. 2001).
Neuropsychiatric illness can be associated with abnormalities of glucocorticoid concentrations
in circulation. Endogenous antidepressant-like properties of TRH and TRH-like peptides can
be connected with their ability to mediate or modulate the acute effects of corticosterone
administration in rats (Pekary et al. 2008). Significant increases, ranging from 2- to 12-fold,
in TRH or TRH-like peptide levels were observed in almost all brain regions studied at 4h
after corticosterone injection (4 mg) to male rats (Pekary et al. 2006c).

TRH together with pEEPam were found to be neuroprotective in vitro against an

excitotoxic insult of glutamate-induced toxicity. Even though pEEPam was as much as four



times more neuroprotective than TRH, its ability to reduce glutamate-stimulated increases in
intraneuronal Ca®* was about half that of TRH (Koenig et al. 2001). Lipopolysaccharide is a
proinflammatory and depressogenic agent which can modulate the expression and release of
TRH and TRH-like peptides. Intraperitoneal injection of lipopolysaccharide to male rats
resulted in TRH declined and TRH-like peptides have decreased release and clearance in
various areas of brain that coordinates the behavioral, endocrine, and immune responses to the
stresses of sickness, injury, and danger (Pekary et al. 2007).

pEEPam administered intravenously in its CNS-permeable prodrug forms exerted
analeptic action in antagonizing pentobarbital-induced narcosis of mice (Prokai-Tatrai et al.
2005). The acute effect after administration of escitaloprame (serotonine reuptake inhibitor) in
rat brain regions involved in mood regulation was to increase the levels of TRH-like peptides,
most consistently pEFPam. Some of the therapeutic effects of inhibition of serotonin reuptake
can therefore be mediated by altered release of TRH and TRH-like peptides (Sattin et al.
2008).

Abnormal hyperphosphorylation of the microtubule associated protein tau is a
hallmark of Alzheimer disease and related diseases called tauopathies (Alonso et al. 2010).
Glycogen synthase kinase-3beta is an enzyme that hyperphosphorylates protein tau and is
implicated in bipolar disorder, diabetes and Alzheimer's disease. TRH reduces the expression
of glycogen synthase kinase-3beta and injections of glycogen synthase kinase-3beta inhibitor
to male rats resulted in large (3-15 fold) increases of TRH and TRH-like peptide levels in
brain during short period (hours). In contrast, a nearly complete loss of TRH and TRH-like
peptides was observed from testis and pancreas (Pekary et al. 2010).

The centrally active pELPam showed a significant increase in the extracellular

acetylcholine concentration during its perfusion to the hippocampus in rats in much smaller



quantities compared to TRH (Prokai and Zharikova 2002). pEEPam also opposes the
cholinergic effect of TRH in the mammalian central nervous system (Nguyen et al. 2007).
Significant decreases of TRH and TRH-like peptides were found in brain after
injection (1 mg/kg) of leptin to male rats (Pekary et al. 2010). There can be the association
among leptin, TRH-like peptides and thyroid hormones due to modulation of 5'-deiodinases in

different tissues, depending on energetic status of organism.

TRH-like peptides in thyroid gland

It has been demonstrated that rat thyroid C-cells express authentic TRH, affecting
thyroid hormone secretion by follicular cells, which also showed consistent expression for
both receptors, TRH-R1 and TRH-R2. It can be novel intrathyroidal regulatory pathway of
thyroid hormone secretion via paracrine/autocrine TRH signaling (De Miguel et al. 2005).
Human thyroid was shown to contain both authentic TRH and TRH-like peptides, a similar
pattern was seen in a range of animal thyroids (Smyth et al. 1999). Subcutaneous
administration of pEEPam or pEFPam in male and female mice led to increased levels of
triiodothyronine (T3) and to a lesser extent tetraiodothyronine (T4) in the circulation. pEFPam
was more potent than pEEPam with similar potency as TRH. pEFPam, pEEPam and TRH
produced significantly greater effects in the female than in the male (Cremades et al. 1998).
pEFPam can crossreact with the TRH receptor and this TRH-like peptide significantly
increase serum T3 (Lloyd et al. 2001). Transition of male rats from the hyperthyroid to the
hypothyroid state increased the pEVVPam and pEYPam levels in the accumbens by 10-fold and
15-fold, and in the pyriform cortex by 9-fold and 12-fold, respectively. Hypothyroidism and
castration reduced the levels of TRH and the majority of other TRH-like peptides in the

entorhinal cortex (Pekary and Sattin 2001).



Thyroid hormones have influence to TRH-like pepides in brain, because rapid
increases or decreases in TRH and TRH-like peptide levels were observed in response to
propylthiouracil and T4 treatments in various brain regions involved in mood regulation.
Significant effects were measured within 2h of T4 injection (Pekary et al. 2006a). Diurnal
variations exist in the levels of TRH-like peptides in brain regions involved in mood
regulation. TRH-like peptide levels were highly correlated with changes in TRH

concentration, within and between brain regions (Pekary et al. 2006b).

TRH-like peptides in other tissues

High levels of TRH-like peptides occur in the pancreas. pEFPam is the most abundant
TRH-like peptide in the pancreas and it was increased 4 times after treatment with valproate.
pEFPam inhibits both basal and TRH-stimulated insulin release (Pekary et al. 2006d).

Rat and human mammary gland and the milk of rat, cow, ewe and sow contain neutral
TRH-immunoreactive peptides. In a series of patients with breast carcinoma, mammary
tumor tissue was shown to contain approximately four times more TRH-like peptides than
normal mammary tissue from the same patient, raising the possibility that the TRH-like

peptides may be implicated in tumor development (Ghilchik et al. 2000).

Conclusion

TRH-like peptides affect reproductive and endocrine tissues and they are also
endogenous neuroprotective and antidepressant-like peptides influencing central nervous
system. The recent research is targeted mainly to clarify the mechanism which serves for
realisation of biological function of TRH-like peptides in various parts of organism. Ruiz-
Alcaraz, Del Rio-Garcia et al. were proposed a new mechanism of regulation of hypophyseal-

gonadal axis, a negative feedback to the pituitary exerted by the TRH-like peptides (named



gonadins) produced in the testis. Cockle, Green et al. named pEEPam such as fertilization-
promoting peptide because of its function in fertilization. Bilek et al. suppose that TRH-like
peptides can be part of new regulatory mechanism influencing the proliferative ability of
prostatic tissues. Pekary et al. points to a neuroprotective and antidepressant functioning of
TRH-like peptides in brain. Smyth et al. reveal the presence of TRH and TRH-like peptides
in thyroid gland where they may be involved in the regulation of thyroid status. TRH-like
peptides was also found in pancreas where they may inhibit insulin release. It can be
concluded that TRH-like peptides perform many tasks in the living organism. The mechanism

of their action is not yet fully explored, and research should continue in this area.
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Fig. 1. Spatial structures of TRH and TRH-like peptides pGLU-GLU-PRO. NH2 (pEEPam)

pGLU-PHE-PRO.NH2 (pEFPam) created using the modeling program Cache 7.5,
Fujitsu Lim., Japan.

Fig. 2. Three-dimensional computer model of interaction between transmembrane domains of
human TRH receptor type 1 and pEEPam. The model was generated using de novo
modeling procedures of human TRH-R1 (G-protein coupled receptors model) on an
automated protein modeling server at the Glaxo Wellcome Experimental Research,
Geneva, Switzerland and using modeling program Cache 7.5, Fujitsu Lim., Japan.
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