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ABSTRACT

OBJECTIVE: The corticotropin-releasing factor (CRF) family consists of the neuropeptides 
CRF, Ucn I, II and III and the binding sites CRFR1, CRFR2 and CRF-BP. It regulates stress 
response and the homeostasis of an organism. In this study, we examined the presence of the 
CRF system in the human hearts of normal and pathological fetuses. DESIGN: Heart tissues 
from 40 archival human fetuses were divided into Group A (without pathology, ‘normal’), Group 
B (with chromosomal abnormalities) and Group C (with congenital disorders). Immunohisto-
chemistry was used to localize the CRF system. Results correlated to gestational trimester and 
pathology. RESULTS: Immunoreactivity for all antigens was found in cardiac myocytes of all 
groups, in almost all samples, except Ucn III which was present in almost half of the fetuses of 
Groups B and C and was not detected at all in Group A. Ucn III was more often present during 
the earlier stage of development (<21weeks) and in fetuses with congenital disorders. In a fetus 
diagnosed with heart pathology, all but Ucn III antigens were also present. CONCLUSIONS: 
We localized a complete CRF system in the human fetal heart and correlated the presence of 
Ucn III to development and pathology. More studies are needed to verify and clarify the exact 
role of the CRF system in the human fetal heart.
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Introduction

Harris was the first to suggest that the hypothala-
mus regulates the secretion of the adrenocorticotropic 
hormone (ACTH) via neurochemical factors.1 His 

theory was documented experimentally in the fifties 
by Saffran2 and was proven by Vale et al much later3 
when a 41 amino acid peptide was isolated from 
the ovine hypothalamus. This peptide was origi-
nally named corticotropin-releasing hormone (CRH) 
and later corticotropin-releasing factor (CRF) by R. 
Hauger,4 since the functions of the specific peptide 
were beyond those of a simple hormone. Today we 
refer to the CRF system or family, which consists of 
the endogenous neuropeptides CRF, Urocortin I (Ucn 
I, 40 aa peptide), Urocortin II (Ucn II or stresscopin-
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related peptide, 38 aa) and Urocortin III (Ucn III or 
stresscopin, 38 aa), the receptors CRFR1 (415-446 
aa) and CRFR2 (both belonging to the class B/secre-
tin family of G-protein coupled receptors and both 
presenting various isoforms) and the CRF-binding 
protein (CRF-BP, a glycoprotein of 37-kDa with 
322 aa). All neuropeptides bind with CRFR2, while 
Ucn II and III have moderate or no correlation with 
CRF-BP and CRFR1.5-8 

In general, the CRF system is responsible for ho-
meostasis9 and stress response regulation at multiple 
levels (neuronal, endocrine and immunological), while 
it is additionally connected to the phenomena of in-
flammation10 and apoptosis.11-15 CRF system members 
are detected at multiple sites of the central nervous 
system (CNS) and in the periphery. A significant 
number of published studies have documented an 
important role of the CRF system within the cardio-
vascular system.16-24 In the adult heart, CRF and/or 
its ligands have been found to be expressed in both 
animals and humans. More specifically, they were 
identified in the heart of rodents,25 including rats26,18 
and mice,21 dogs27 and Tupaia belangeri.28 In adult 
humans on the other hand, an immunohistochemical 
study revealed Ucn I immunoreactivity in myocytes 
of the normal heart, which was more intense in the 
diseased heart, indicating, together with evidence of 
its positive inotropic action, its possible role in the 
pathophysiology of cardiac hypertrophy or the failing 
heart.11 In addition, Ucn II transcripts were detected 
at high levels of expression in human heart tissues.6 
According to another study, Ucn I is produced in the 
human heart, where it is stored, and can exert its effects 
via CRF-R2 in an autocrine and/or paracrine way.29

Interestingly, Baigent supported the view that 
since the adult heart secretes Ucn I, most probably 
the respective fetal tissue should also secrete the 
same neuropeptide.30 However, so far there has been 
no confirmation of the presence of the CRF family 
in the fetal heart of animals or humans. In the hu-
man, limited information is offered regarding the 
presence of the CRF system in fetal tissues and its 
contribution to fetal maturation and/or pathology. 
Recently we reported the presence of all CRF family 
members in human fetal lungs during development,31 
while CRFR1 mRNA had previously been found in 
human fetal adrenals.32 In animal fetal tissues, studies 

have reported the presence of CRF family members 
centrally in the rat and ovine hypothalamus,33,34 in the 
ovine pituitary,35 hippocampal-amygdala complex, 
frontal cerebral cortex (FCC) and brainstem36 and in 
the mouse cerebellum.37 In the periphery, the CRF 
family was detected in the rat fetal pancreas and GI 
tract38 and in the fetal ovine39 and sheep colon.40 

In the present study, we examined by immuno-
histochemistry the presence of CRF neuropeptides 
and their binding sites in the heart of human fetuses. 
Our samples were obtained following spontaneous 
abortions and curettages and are representative of 
different gestational ages and pathology, including 
congenital or chromosomal disorders. Of these, a 
case study of a fetus diagnosed with heart pathology 
is presented separately. 

MATERIALS AND METHODS

Tissues
Fetal heart tissues were retrieved from 40 archival 

human fetuses in the Histology-Embryology Labo-
ratory Tissue Bank of the Democritus University of 
Thrace (DUTH), Alexandroupolis, Greece. All standard 
pathological examination and diagnosis data concern-
ing the fetuses were available, as well as all relevant 
medical information on the mothers. All fetuses were 
derived from spontaneous abortions and curettages 
due to medical reasons involving the mother (elective 
therapeutic termination of pregnancy). Fetuses with 
nuchal cord were excluded from our study. Fetuses 
with no congenital or chromosomal anomalies and no 
signs of chorioamnionitis were considered as ‘normal’ 
(Group A, total n=15, all male). Pathological fetuses 
were divided into two groups: Group B (total n=4, 
male:2, female: 2) included fetuses with chromosomal 
abnormalities (Down syndrome and Edward’s syn-
drome) and Group C (total n=21, male:13, female:8) 
with congenital malformations (of the Nervous Sys-
tem, heart/central vessels, lungs, skeleton, abdominal 
wall, visceral cranium and face). It is important to 
note that some of the fetuses suffered from more than 
one pathology, as can be seen in Table 1. Fetuses 
were further divided into gestational trimesters, ac-
cording to their gestational age, which ranged from 
12 to 39 weeks and was estimated by the mother’s 
last menstrual period (LMP). The first 12 weeks of 
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Table 1. Characteristics and grouping of fetuses used in the study (Some of the pathological fetuses suffered from more than one pathology). 
Gestational age was estimated by mother’s last menstrual period (LMP)
Group Number of fetuses (n) Pathology

Total Gestational trimester Sex
First Second Third Male Female

A 15 0 13 2 15 0 No pathology
B 4 0 3 1 2 2 Chromosomal abnormalities
C 21 1 15 5 13 8 Congenital disorders
A+B+C 40 1 31 8 30 10
Group A: fetuses with no pathological findings were considered ‘normal’. Group B: pathological fetuses with chromosomal abnormali-
ties. Down syndrome (n=3), Edward syndrome (n=1), acute non-specific chorioamnionitis (n=1), hydropic degeneration of chorionic 
villi (n=1). Group C: pathological fetuses with congenital disorders of visceral cranium/face (n=6), skeleton (n=3), heart/central vessels 
(n=1)*, lungs (n=2), nervous system (n=7) and abdominal wall (n=1). Two fetuses suffered from hydropic degeneration of chorionic 
villi, 8 from acute chorioamnionitis, 2 from acute placentitis, 2 from recessive fetal development and 1 from oligohydramnios. 
*Heart pathology: presence of interventricular foramen, right ventricle hypertrophy and aortic translocation astride the interventricular 
septum.

pregnancy were considered as the first trimester, the 
period between the 13th and 24th gestational week the 
second trimester and beyond the 25th gestational week 
the third trimester. Following the classification of the 
fetuses, an autopsy was performed and heart tissues 
were obtained from the right or left fetal ventricle. 
The tissues were finally embedded in paraffin and 
sections were used for immunohistochemistry. The 
study protocol was approved by the Ethical Committee 
of the University Hospital of DUTH, (Decision no. 
45/27th/16-11-2009) and was conducted according to 
the guidelines for the analysis of fetal cells and tissues.

Antisera
The antisera used for CRF, CRFR2, Ucn I, II and III 

detection were obtained from Phoenix Pharmaceuticals 
(H-017-06, H-006-24, H-019-14, H-019-30, H-019-28, 
respectively; Belmont, Calif., U.S.A.). The antiserum 
used for CRF was raised against the whole human 
peptide sequence: it is 100% specific for human, rat, 
mouse, canine and feline CRF and exhibits no cross-
reactivity to other peptides. The specific antiserum 
used for CRFR2 was raised against aa 385-411 of 
the human CRFR2 receptor. The specific antiserum 
used for Ucn I was raised against the whole human 
Ucn I peptide sequence and is 100% specific for hu-
man and rat peptide. The specific antiserum used for 
Ucn II was raised against aa 6-43 of the human Ucn 
II peptide sequence. The specific antiserum used for 
Ucn III was raised against aa 3-40 of the human Ucn 

III peptide sequence. The CRF-BP antiserum was 
obtained from Santa-Cruz Biotechnology [CRF-BP 
(C-8): SC-365975]: it is a mouse monoclonal antibody 
specific for an epitope mapping between amino acids 
299-322 at the C-terminus of CRF-BP of human ori-
gin. The anti-CRFR1 antiserum was the IgG-purified 
fraction of 4467a-CRFR1 which has previously been 
shown to be specific and selective for CRFR1.41,42 It 
was kindly donated by Dr. D. Grigoriadis, Neurocrine 
Bioscience Inc., San Diego, CA., U.S.A.

Immunohistochemistry
Immunohistochemistry was conducted as previ-

ously described.43 Tissue specimens were fixed in 
formalin and embedded in paraffin, according to 
standard procedures. Four-micron sections (4μm) of 
representative blocks were deparaffinized, rehydrated 
and treated with 0.3% H2O2 for 5 min in methanol to 
prevent endogenous peroxidase activity. After wash-
ing, slides were incubated at 4°C overnight with the 
primary rabbit anti-human polyclonal antiserum (anti-
CRF 1:500, anti-Ucn I 1:500, anti-Ucn II 1:1000, anti-
Ucn III 1:4000, anti-CRF-BP 1:200, 4467a-CRFR1 
1:7000, anti-CRFR2 1:1000, diluted in 10% normal 
rabbit serum in phosphate buffer saline, PBS). Control 
slides were incubated for the same period with normal 
rabbit serum IgG and were used as common negative 
control for all antibody staining. Immunostaining 
was detected by the the Dako REAL TM EnVision 
TM Detection System, Peroxidase/DAB+, Rabbit/
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Mouse kit (DAKO Denmark A/S, Denmark), using 
a standard streptavidin/biotin detection method, fol-
lowing the instructions of the manufacturer. Finally, 
bound antibody complexes were stained for 5 min 
with 0.05% diaminobenzidine, counterstained with 
Mayer’s haematoxylin, mounted and observed under 
a Nikon Eclipse 50i microscope. The same process 
was followed for all the negative control slides.

For each slide, approximately 10 fields of stained 
sections were evaluated by two independent observers 
and scored in a blinded fashion. Estimations by the 
two independent observers had an approximately 10% 
disagreement in most cases and was therefore consid-
ered insignificant. Every stained cell was scored as 
positive, regardless of its staining intensity. Positivity 
was graded in a four-scale system as follows: Grade 
3 represents >70% positive cells in the total number 
of cells of the specific cell-type counted per field, 
Grade 2 between 40-70%, Grade 1 between 10-40% 
and Grade 0 stands for <10% positively stained cells. 
The extent of positive cells was assessed in cardiac 
myocytes.

Statistical analysis
Statistical significance was assessed by the chi-

square test for categorical variables using SPSS 17.0 
statistical software (SPSS Inc. Chicago, Illinois, USA). 
Significance was set at p value <0.050. Comparisons 
were made between positively stained (Grades 1, 2 
and 3) and negative (Grade 0) tissues.

RESULTS

Cardiac myocytes were positively stained by im-
munohistochemistry for all antibodies, except Ucn III, 
which was not detected at all in Group A. Immuno-
reactivity was localized in the cell cytoplasm for all 
neuropeptides and CRF-BP, while for the receptors 
it was mainly membranic. Blood vessels and arteries 
were positive for all antibodies. Human placental 
tissue was also stained in parallel and was used as a 
positive control for all antigen staining (not shown). 
Representative pictures of fetuses of different gesta-
tional week, normal or pathological, are depicted in 
Figure 1. Accumulated results depicting fractions of 
positive tissues per study group are shown in Figure 
2. Gestational age of fetuses was estimated by the 
mother’s last menstrual period (LMP).

Immunohistochemical localization of CRF 
neuropeptides and receptors in the human 
fetal heart

Results for CRF, Ucn I, II and III, receptors CRFR1, 
CRFR2 and CRF-BP immunohistochemistry with 
semi-quantitative evaluation in the human fetal heart 
are presented in Tables 2, 3 and 4 and Figure 2. Immu-
nolocalization of CRF, Ucn I, Ucn II, CRFR1, CRFR2 
and CRF-BP was found at different grades in all groups 
and gestational trimesters of our fetus groups. CRF 
staining was strongly positive (Grade 3) in all fetuses 
for all Groups and trimesters. Likewise, Ucn I pres-
ence was moderately to strongly positive (Grade 2-3) 
in all fetuses. Ucn II was also present in all but one 
tissue (female fetus, 20 w, with congenital disorders of 
visceral cranium/face and acute chorioamnionitis), in 
varying intensities (Grade 1-3, mostly 2). In contrast, 
Ucn III was weakly immunoreactive (Grade 1) in half 
of Group B fetuses and in a few (38.09%) of Group 
C, while it was absent in all fetuses of Group A and 
in fetuses of the third gestational trimester. In fact, 
the presence of Ucn III was significantly correlated 
to gestational age, as it was more frequently found 
before the 21st gestational week than in older fetuses 
(p=0.021), whereas statistical analysis between the 
2nd and 3rd trimester fetuses showed marginally no 
significance (p=0.08). Presence of Ucn III was also 
correlated to the diagnosis of some kind of congenital 
disorder, as it was more often found in Group C than 
in Group A (normal fetuses) (p=0.016). 

The binding site study demonstrated (see also 
Figure 2) that CRFR1 was strongly stained (Grade 3) 
in all but one tissue of Group A, all tissues of Group 
B, and was found moderately to strongly positive in 
Group C (Grade 2-3). CRFR2 was also present in all 
but one tissue of Group A, all tissues of Group B and 
all but two tissues (male fetus, 23 w, with congenital 
disorders of visceral cranium/face and female fetus, 
27 w, with recessive fetal development) of Group C 
at varying intensities (Grade 1-3, mostly 2). CRF-
BP immunoreactivity was intense (Grade 3) in all 
fetuses of all Groups and trimesters. No correlation 
was found between CRF system presence and the 
presence of chorioamnionitis, maternal age and fetal 
sex, although the limitations due to the small number 
of tissues in some groups and sex equilibrium (Group 
A) hampered statistical analysis (see Table 1). 
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Figure 1. Immunohistochemistry for CRF neuropeptides and binding sites in heart tissues of human fetuses of different gestational 
trimesters, with or without diagnosed pathology. Grading (Gr) for the myocytes is shown. Some clearly positive vessels are also shown 
by arrows. A-G: fetuses with no diagnosed pathology from the second (B, C, E, F, G) and the third trimester (A, D). a-g: pathological 
fetuses from the first (c), second (a, b, e, f) and the third gestational trimester (d, g), diagnosed with various pathologies other than the 
heart. Gestational age was estimated by the mother’s LMP. Original magnification: X200. Scale bar = 100 μm. H: negative control 
(third trimester fetus).
Grade 3: >70% positive cells in the total number of cells of the specific cell-type counted per field.
Grade 2: 40-70% positively stained cells.
Grade 1: 10-40% positively stained cells.
Grade 0: <10% positively stained cells.

Figure 1

Immunohistochemical localization of the CRF 
system in a fetus with heart pathology

Among the Group C fetuses, there was one fetus 
diagnosed with heart pathology that is presented as a 
case study. Specifically, this fetus was female, 23 weeks 
old (second gestational trimester) and was suffering 
from the presence of an interventricular foramen, right 
ventricle hypertrophy and aortic translocation astride 
the interventricular septum (Figure 3). CRF, Ucn I, 
CRFR1 and CRF-BP presence was strongly positive 

(Grade 3), while Ucn II was moderate (Grade 2) and 
CRFR2 weak (Grade 1). Ucn III was not detected in 
the heart tissue of this fetus. It is also noteworthy that 
in this specific fetus, receptor localization was both 
cytoplasmic and membranic.

DISCUSSION

Given the considerable interest in the role of the 
CRF system in cardiovascular phenomena and the 
total lack of available information on its presence in 
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Table 2. Semi-quantitative estimation for the presence of CRF, 
Ucn I, II and III, CRFR1, CRFR2 and CRF-BP detected by im-
munohistochemistry in the myocytes of human fetal heart tissues. 
Numbers represent the number of fetuses in each of the four grades 
(G), in every gestational trimester as estimated by the mother’s last 
menstrual period (LMP), in the Group A (fetuses with no pathology)
Peptides Grade Gestational trimester

First 
(Total n: 0)

Second 
(Total n: 13)

Third 
(Total n: 2)

CRF G:0
G:1
G:2
G:3 13 2

Ucn I G:0
G:1
G:2 1
G:3 13 1

Ucn II G:0
G:1 5 2
G:2 6
G:3 2

Ucn III G:0 13 2
G:1
G:2
G:3

CRFR1 G:0 1
G:1
G:2
G:3 12 2

CRFR2 G:0 1
G:1 2 2
G:2 7
G:3 3

CRF BP G:0
G:1
G:2
G:3 13 2

n: number of fetuses.

the fetal heart, this study aimed to describe the histo-
logical mapping of CRF neuropeptides and binding 
sites in the human fetal heart. Forty archival human 
fetuses, including fetuses without diagnosed pathology, 

Figure 2. Immunohistochemical detection of CRF neuropep-
tides and binding sites: accumulated data showing fractions of 
positively (red) and negatively (blue) stained fetal heart tissues. 
X-axis: A: Group A (fetuses with no pathology), B: Group B 
(pathological fetuses with chromosomal abnormalities), C: 
Group C (pathological fetuses with congenital disorders). Y-
axis: Number of fetuses in each Group. A statistical difference 
between Groups and respective p value are shown. n=number 
of fetuses.

with chromosomal abnormalities or with congenital 
disorders were used and antigen localization was 
studied by immunohistochemistry. Our samples were 
representative of different gestational ages allowing 
developmental observations, although the small num-
ber of tissues in some groups (first trimester group) 
limited conclusions. Nevertheless, given the rarity 
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Table 3. Semi-quantitative estimation for the presence of CRF, Ucn 
I, II and III, CRFR1, CRFR2 and CRF-BP detected by immunohis-
tochemistry in the myocytes of human fetal heart tissues. Numbers 
represent the number of fetuses in each of the four grades (G), in 
every gestational trimester as estimated by the mother’s last men-
strual period (LMP), in the Group B (fetuses with genetic disorders)
Peptides Grade Gestational trimester

First  
(Total n: 0)

Second 
(Total n: 3)

Third  
(Total n: 1)

CRF G:0
G:1
G:2
G:3 3 1

Ucn I G:0
G:1
G:2 1
G:3 2 1

Ucn II G:0
G:1 2
G:2 1 1
G:3

Ucn III G:0 1 1
G:1 2
G:2
G:3

CRFR1 G:0
G:1
G:2
G:3 3 1

CRFR2 G:0
G:1
G:2 1
G:3 2 1

CRF BP G:0
G:1
G:2
G:3 3 1

n: number of fetuses.

of such sample availability, we considered these data 
worth presenting. Immunoreactivity for all antigens 
was found in cardiac myocytes of all groups, in almost 
all samples, at different levels, except Ucn III that 
was present in almost half of the fetuses with pathol-
ogy (both chromosomal and congenital) but was not 
detected at all in normal fetuses. Ucn III was more 

Table 4. Semi-quantitative estimation for the presence of CRF, Ucn 
I, II and III, CRFR1, CRFR2 and CRF-BP detected by immunohis-
tochemistry in the myocytes of human fetal heart tissues. Numbers 
represent the number of fetuses in each of the four grades (G), in 
every gestational trimester as estimated by the mother’s last menstrual 
period (LMP), in the Group C (fetuses with congenital disorders)
Peptides Grade Gestational trimester

First 
(Total n: 1)

Second 
(Total n: 15)

Third 
(Total n: 5)

CRF G:0
G:1
G:2
G:3 1 15 5

Ucn I G:0
G:1
G:2 1
G:3 1 15 4

Ucn II G:0 1
G:1 2 2
G:2 11 3
G:3 1 1

Ucn III G:0 8 5
G:1 1 7
G:2
G:3

CRFR1 G:0
G:1
G:2 6
G:3 1 9 5

CRFR2 G:0 1 1
G:1 3
G:2 7 2
G:3 1 4 2

CRF BP G:0
G:1
G:2
G:3 1 15 5

n: number of fetuses.

often present during the first stages of development 
and in fetuses with congenital disorders. Among fe-
tuses with pathology there was one fetus diagnosed 
with heart pathology and it is presented as a case 
study, revealing the presence of all but Ucn III CRF 
system antigens. Logistic regression models for the 
exploration of possible predictors of the presence 
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of each factor were not applicable due to the size of 
our sample, which did not comply with the criteria 
set by Green SB.44 The results presented show for 
the first time the presence of the full CRF system, 
both neuropeptides and binding sites, in the human 
fetal heart. This is not surprising, as the presence of 
CRF neuropeptides6,11 and receptors29 has previously 
been shown in the human adult heart. Moreover, we 
have recently demonstrated the full CRF system 
localization in the lungs of normal and pathological 
human fetuses31 and suggested a possible role in its 
development.

CRF and CRF-BP immunoreactivity was strongly 
positive (Grade 3), while Ucn I presence was moder-

Figure 3. Immunohistochemistry for CRF neuropeptides and binding sites in the heart tissue of a fetus (female, 23 gestational weeks), 
diagnosed with heart pathology (presence of interventricular foramen, right ventricle hypertrophy and aortic translocation astride the 
interventricular septum). Grading (Gr) for the myocytes is shown. Some clearly positive vessels are also shown by arrows. Gestational 
age was estimated by the mother’s LMP. Original magnification: ×200. Scale bar: 100μm. Grade 3: >70% positive cells in the total 
number of cells of the specific cell-type counted per field. Grade 2: 40-70% positively stained cells. Grade 1: 10-40% positively stained 
cells. Grade 0: <10% positively stained cells.

Figure 2

ately to strongly positive (Grade 2-3) in all fetuses of 
all Groups and trimesters. It is well established that 
CRF and Ucn I bind to CRF-BP with higher affinity 
than to the other binding sites of the CRF system, 
thus their co-expression points to CRF-BP as a local 
regulator of their bioavailability.45

A previous study using in situ hybridization in 
order to evaluate CRF mRNA in the rat thorax46 
evidenced expression during embryonic days 12 to 
16, peaking on the 14th day, and located especially in 
the serous membranes, such as the pericardium. The 
researchers concluded that CRF must play a crucial 
role in the development of the pericardium. This is 
also corroborated by our results, although interspe-
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cies comparisons to our study cannot be made, as rat 
embryonic days 12-16 correspond to 28-52 weeks in 
humans and our sample comprises fetuses of 12-39 
weeks of gestation.

Among the fetuses with congenital disorders of 
our study there was a fetus that was diagnosed with 
heart pathology. Specifically, this fetus was female, 
23 weeks (2nd gestational trimester) and suffered from 
the presence of an interventricular foramen, right 
ventricle hypertrophy and aortic translocation astride 
the interventricular septum (Figure 2). In this fetus, 
CRF, Ucn I and CRFR1 presence was very strong, 
while Ucn II and III and CRFR2 were absent or weak. 
These findings could corroborate with other studies in 
mice, which have revealed the strong cardioprotective 
role of Ucn III, via CRFR2, and its smaller, parallel 
action on the hypothalamic stress axis, since it does 
not activate CRFR1. Ucn I plays also a cardioprotec-
tive role against ischemia reperfusion injury in mice 
when accompanied by CRFR2b; however, at the same 
time it activates CRFR1 in the pituitary gland, which 
causes activation of the hypothalamic stress axis and 
therefore complicates its possible use in the treatment 
of cardiovascular diseases.21,47 Furthermore, accord-
ing to other researchers,18 Ucn I actions regulated by 
CRFR2 are mainly anti-inflammatory, most probably 
protecting cardiac myocytes from hypoxic death. 

The strong Ucn I presence in the fetus of our study 
that suffered from right heart hypertrophy can also be 
correlated with the results of another study group:11 this 
showed that Ucn I was present in the cardiac myocytes 
of the left ventricle of normal adult human hearts and 
that this immunoreactivity was more intense in the 
left ventricle of a failing heart than of a normal heart. 
In addition, in rats with left heart hypertrophy due to 
DOCA-salt therapy, it was evident that Ucn I mRNA 
expression was higher, while CRFR2β m-RNA expres-
sion was significantly reduced compared to a normal 
left heart ventricle. The same research group concluded 
that although the mechanism of increased Ucn I mRNA 
expression or of increased Ucn I immunoreactivity 
in left heart hypertrophy or in the failing heart is still 
unknown, the importance of this fact seems to be cor-
related, at least partly, with the positive inotropic and 
hypertrophic action of Ucn I. Either way, the latter has 
been the main study subject of many other research 
groups.48,49 Moreover, Ikeda et al50 concluded that Ucn I 

is secreted not only by the cardiac myocytes but also by 
non-myocytes and that the primary source of Ucn I that 
acts on the heart is the heart itself. It was additionally 
proposed that Ucn I could lead to the proliferation of 
cardiac myocytes and non-myocytes, thereby causing 
hypertrophy and fibrosis.

Our results indicate that Ucn III may be more 
frequently present in embryos of younger gestational 
age, implying a role of Ucn III in development. In 
addition, its more frequent presence in fetuses with 
disorders of organs other than the heart could possibly 
indicate its involvement in impaired fetal growth. On 
the other hand, it could be the result of a recessive 
development, as it was not detected in the only fetus 
of our study that suffered from congenital disorders 
of the heart. In general, the changes in Ucn III in 
Groups B and C could represent a local protective 
mechanism to stressful stimuli, although we could not 
draw conclusions on whether the expression changes 
in the ligands and receptors is a compensatory rather 
than a causative mechanism. Further studies in larger 
groups could clarify its involvement in fetal develop-
ment and pathology, especially as urocortins have 
recently been identified as a new group of inotropic 
factors with multiple and important effects on the 
cardiovascular, hemodynamic, neurohormonal and 
renal system51,52 and possibly novel players in the 
pathophysiology of the heart and its treatment.

In conclusion, our results present the histological 
mapping of the full CRF system, both neuropeptides 
and binding sites, in the heart of normal and pathologi-
cal human fetuses, at different developmental stages. 
Although of weak clinical impact, we considered our 
findings of some importance given the rarity of this 
type of tissue availability. A more detailed study of 
the time-course of alterations of the CRF system in 
the fetal heart could promote a better understanding 
of its role given that the intracellular and/or organic 
conditions change dynamically through gestation. Its 
role in fetal development and fetal pathology awaits 
further investigation. 
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