Postępy Nauk Medycznych, t. XXV, nr 10, 2012
©Borgis

*Anna Lis-Święty1, Joanna Gola2, Urszula Mazurek2, Ligia Brzezińska-Wcisło1

Transforming growth factor β1 and its receptors gene
expression in patients with systemic sclerosis and Raynaud’s
phenomenon
Ekspresja genów kodujących transformujący czynnik
wzrostowy β1 i jego receptory u chorych z twardziną
układową i objawem Raynauda
Dermatology Department, Medical University of Silesia, Katowice
Head of Department: prof. Ligia Brzezińska-Wcisło, MD, PhD
2
Department of Molecular Biology, Medical University of Silesia, Sosnowiec
Head of Department: prof. Urszula Mazurek, MD, PhD
1

Summary
Introduction. Previous studies concerning the tissue expression of TGFβ1 demonstrated that this factor may play the role
in the pathogenesis of systemic sclerosis (SSc).
Aim. To examine the change in the number of mRNA copies of genes coding TGFβ1 and its receptors in peripheral blood
leucocytes in patients with SSc and RP.
Material and methods. The research concerned 19 patients with SSc, 8 patients with RP and 8 healthy persons constituting the control group. Quantification of TGFβ1, TGFβRI, TGFβRII, TGFβRIII genes mRNA was carried out with the use of
Quantitative Real-Time Reverse Transcription Polymerase Chain Reaction.
Results. The number of copies of TGFβ1 mRNA was significantly higher in patients with SSc than in the group of patients
with RP. In both groups the TGFβ1 mRNA level was significantly lower than in control group. No significant differences were
found between SSc and RP patients when mRNAs of genes coding TGFβ1 receptors were analyzed. The TGFβ1/TGFβRI
mRNA and the TGFβRIII/TGFβRI mRNA ratios were significantly higher in patients with SSc than in RP patients. In the group
of patients with systemic sclerosis and in control group the number of copies of TGFβ1 mRNA correlated with the number
of copies of TGFβRIII mRNA. In control group TGFβRI mRNA and TGFβRII mRNA correlated positively (both of them were
increasing), while in both groups of patients this correlation was negative, what means that one parameter was increasing
when the second one was decreasing.
Conclusions. Disregulation TGFβ1 and its receptors gene expression in SSc and RP may translate to changes in the activity of TGFβ1 which may result in the initiation of the inflammatory process and later fibrosis.
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Streszczenie
Wprowadzenie. Rolę TGFβ1 w patogenezie twardziny układowej (ang. systemic sclerosis – SSc) wykazano we wcześniejszych badaniach dotyczących ekspresji tego czynnika w tkankach.
Cel pracy. Celem pracy było zbadanie jak się zmienia liczba kopii mRNA genów kodujących TGFβ1 i jego receptory w
leukocytach krwi obwodowej chorych z SSc i objawem Raynauda (ang. Raynaud’s phenomenon – RP).
Materiał i metody. Badaniem objęto 19 chorych z SSc, 8 pacjentek z RP i 8 osób zdrowych stanowiących grupę kontrolną. Oznaczenie mRNA genów kodujących TGFβ1, TGFβRI, TGFβRII oraz TGFβRIII przeprowadzono techniką ilościowej reakcji amplifikacji z odwrotną transkrypcją w czasie rzeczywistym (ang. Real-Time Quantitative Reverse Transcription Polymerase
Chain Reaction, real-time QRT-PCR).
Wyniki. Liczba kopii mRNA dla TGFβ1 była znacząco wyższa u chorych z SSc w porównaniu z grupą chorych z RP. W obu
grupach ekspresja mRNA dla TGFβ1 była znacząco wyższa niż w grupie kontrolnej. Nie stwierdzono znaczących różnic w
ekspresji mRNA genów kodujących receptory TGFβ1 pomiędzy grupą SSc a pacjentami z RP. Stosunki TGFβ1/TGFβRI
mRNA i TGFβRIII/TGFβRI mRNA były znacząco wyższe u chorych z SSc w porównaniu z grupą RP. W grupie chorych z SSc i
kontrolnej liczba kopii mRNA dla TGFβ1 korelowała z liczbą kopii mRNA dla TGFβRIII. W grupie kontrolnej mRNA dla TGFβRI
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i mRNA dla TGFβRII korelowały dodatnio (w obu rosły), podczas gdy w obu grupach chorych korelacja ta była negatywna,
co oznacza, że jeżeli jeden parametr rośnie, to drugi maleje.
Wnioski. Dysregulacja ekspresji genów kodujących TGFβ1 i jego receptory w SSc i RP może przekładać się na zmianę
aktywności TGFβ1, co może pociągać za sobą zapoczątkowanie procesu zapalnego, a następnie włóknienia.
Słowa klucze: Real-time QRT-PCR, TGFβ1, twardzina układowa, objaw Raynauda

Introduction
Systemic sclerosis (SSc) is a disease of the connective tissue characterized by vascular changes and
immunological dysfunctions which lead to progressive
skin and internal organ fibrosis. First clinical manifestation is usually Raynaud’s phenomenon (RP) (paroxysmal blanching with subsequent cyanosis and swelling
of hands) connected with a generalized vasculopathy
of minor vessels in the skin and internal organ areas
(1). A consequence of rupturing the endothelium is
a migration of mononuclear peripheral blood cells to
the extravascular space and creation of inflammatory
infiltrations characteristic for SSc (2, 3). T-cells and
monocytes are dominant in this infiltration. Whilst producing a series of cytokines and growth factors these
cells are able to initiate a series of intercellular interactions leading to vessel changes as well as disregulation of synthesis and degradation of extracellular
matrix components. The main role in the fibrosis processes in SSc could be played by transforming growth
factor β1 (TGFβ1) produced in excess by peripheral
blood mononuclear cells (PBMC) (4). It has been
proved that this cytokine can stimulate gene transcription of collagen by stimulation of synthesis or activation
of specific transactive DNA binding factors (5, 6). In patients with limited SSc (lSSc) and diffuse SSc (dSSc)
treated with pamidronate (aminobisphosphonate) a
approx. 30% decrease in TGFβ1 production by the
PBMC was noticed which could explain a positive
therapeutic effect (7). Hasegawa et al. (8) demonstrated an increase in TGFβ1 production by PBMC
in patients with SSc in comparison with a healthy
persons control group. However, this data was not
confirmed in other papers. In research of Giacomelli
et al. (9) the TGFβ1 concentration in the serum and
supernatants of the PBMC culture from SSc patients
in spontaneous conditions as well as after phytohemagglutinin (PHA) stimulation was not different from
the control group. The concentration of TGFβ1 in
serums of patients with SSc can remain unchanged,
reduced in relation to the control group or be below
the lower limit of detection, however TGFβ1 can be
present in large amounts in the tissue (10-14). Reasons for this are faintly sensitive methods or inhibitors appearing in the serum. In physiologic states
TGFβ1 binds with proteins (latency-associated peptide, α2-macroglobulin), which can largely conceal
its presence in the blood and are responsible for a
non-linear diagnosed sample dilution curve line and
a divergence in relation to the standard curve in the
ELISA method (15, 16).

An analysis of gene expression in the earlier stage
of this process, that is the transcription level, not only
doesn’t possess such limitations but also allows for the
detection of molecular changes preceding changes at
protein level. Therefore the main aim of the study was
to evaluate the number of mRNA copies of genes coding TGFB1 and its receptors in peripheral blood leukocytes changes in patients with SSc and isolated RP in
which capillaroscopy and (or) immunological markers
presence suggested a risk of SSc development.
material and methods
The study group consisted of 27 patients (26 women and 1 man) with RP, aged 18 to 65, average
48.1 ± 11.6 years hospitalized in Medical University of
Silesia – Dermatology Department in Katowice with a
suspicion or diagnosed SSc. The RP lasted for 0.3 to
25 years, average 8.2 ± 5.9 years. A capillaroscopy
examination of the nailfold was carried out for each patient, antinuclear antibodies were marked with the indirect immunofluorescence (IIF) method on Hep-2 cells
and detailed diagnostic research was conducted allowing for an assessment of the internal organs affected by
pathological changes. Changes in the esophagus were
diagnosed based on confirmed peristaltic dysfunction
and/or smoothing out the mucous membrane folds in
a radiological examination of the esophagus. Influence
on the lungs was attested to bilateral fibrosis changes
in chest X-ray. Cardiologic changes with characteristics of arrhythmia, conductivity disorders in ECG examination or during transesophageal electrostimulation
and syndromes of right ventricle failure, prior to lung
hypertension were diagnosed as heart muscle involvement in course of SSc. Influence on the kidney by the
disease process was diagnosed based on a persistent
proteinuria and coexisting arterial hypertension. Myositis type muscle changes aside from clinical symptoms:
muscle weakness and pain were diagnosed based
on increased activation of muscle enzymes (creatine
phosphokinase and aldolase) as well as aberrations in
electromyography and histopathology examinations.
Apart from this, routine laboratory tests were carried
out: ESR, blood morphology, general urine test. Other
tests were: Waaler-Rose reaction, latex-R, electrophoresis of serum protein division and assessment of kidney functions.
In 19 patients SSc was diagnosed based on the
American College of Rheumatology (17) criteria, remaining 8 were female patients with an isolated RP.
Skin changes in patients with SSc corresponded with
lSSc – appeared on the skin of the face, upper limbs up
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to 1/3 of the forearm. Table 1 presents a clinical characteristic of patients with RP without clinical symptomes
of connective tissue diseases and patients with lSSc.
Patients qualified for the research were not treated earlier with immunosuppressive agents and (or) steroids.
Control samples were obtained from 8 healthy volunteers. The Medical University of Silesia Local Research
Ethics Committee approved the study and all subjects
provided informed consent to participate.
Table 1. Clinical characteristics of patients with isolated RP
and patients with lSSc.

Age (years)
Age compartment
Duration of Raynaud’s phenomenon
Duration compartment (years)
Duration of cutaneous sclerosis
Duration compartment (years)
Capillaroscopy
R loops and S loops-present
R loops-present,
S loops-not found
Immunologic markers
Anti-Scl 70
Anti-polimerase III RNA
Anti-centromere
Antibody with homogenous
pattern of immunofluorescence
Visceral involvement
Oesophagus
Lungs
Heart
Kidney
Muscle

Isolated RP
n=8

lSSc
n = 19

44.6 ± 14.1
18-56

49.5 ± 10.8
30-65

7.1 ± 5.9
2.0-20

10.7 ± 5.9
3.0-25.0

–

3.2 ± 1.9
1.5-5.0

5

19

3

–

4
1
–
3

18
12
1
2

–

3

–
–
–
–
–

15
8
4
–
–

Extraction of total RNA
Total RNA was isolated from the 500 µl whole blood
samples using acid guanidinium-thiocyanate phenolchloroform method (18). Extracts of total RNA were purified with the use of RNeasy Mini Kit (Qiagen Gmbh,
Hilden, Germany), in accordance with manufacturer protocol. The quality of RNA was estimated by electrophoresis on a 1% agarose gel stained with ethidium bromide.
The RNA concentration was determined by absorbance
at 260 nm using a Gene Quant II spectrophotometer
(Pharmacia LKB Biochrom Ltd., Cambridge, UK).
mRNA quantification by Quantitative Real-Time
Reverse Transcription Polymerase Chain Reaction
The quantitative analysis was carried out with the
use of Sequence Detector ABI PRISM™ 7000 (Applied
Biosystems, Kalifornia, USA). The quantity of PCR
products was determined after each round of amplification, using fluorescent dye SYBR Green I (Qiagen
Gmbh, Hilden, Germany) that binds double-stranded
DNA. The standard curve was appointed for standards
of β-actin (Applied Biosystems, Kalifornia, USA). For
this assay positive (β-actin mRNA) and negative (no
template) controls were carried out. The nucleotide
sequences of the PCR primers used to assay gene
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TGFβ1, TGFβR1, TGFβR2, TGFβR3 and β-actin (endogenous control) expression, chemical and thermal
conditions of amplification were as previously (19-21).
Sequence specificity of amplimers
Sequence specificity of amplimers was proved by
analysis with ABI PRISM™ 377 DNA Sequencer (Applied Biosystems, Kalifornia, USA). Melting temperatures of amplimers were assessed by SYBR Green I
Dissociation assay (Dissociation Curve Software – Applied Biosystems, Kalifornia, USA). The PCR products
and molecular weight marker pBR 322/Hae III (Fermentas International Inc., Ontario, Canada) were separated
on 8% polyacrylamide gel and visualized using silver
staining (LKB-Pharmacia). The length of amplified fragments was assessed by analysis with GelScan v.1.45
software (Kucharczyk TE, Warsaw, Poland).
Statistical analysis
The values were expressed as median and range.
Quantitative data were compared by a nonparametric Mann-Whitney U test. Correlations were evaluated
using the Spearman rank correlation coefficient test.
P < 0.05 was considered significant. All calculations
were performed with Statistica Version 6.0 software
(StatSoft Inc., Oklahoma, USA). The expression of the
TGFβ1, TGFβR1, TGFβR2, TGFβR3 and β-actin genes
was expressed as a ratio of the mRNA copy number to
the 1 µg of total RNA in samples studied.
Results
β-actin mRNA
In all samples analyzed mRNA of β-actin gene was
demonstrated, thus indicating the integrity of the RNA
extracts.
TGFβ1 mRNA
The number of copies of TGFβ1 mRNA was significantly higher in patients with SSc than in the group of
patients with RP (p = 0.0384) (fig. 1, tab. 2). In both
groups the TGFβ1 mRNA level was significantly
lower than in control group (SSc: p = 0.0257; RP:
p = 0.0023).
TGFβRI, TGFβRII, TGFβRIII mRNA
No significant differences were found between SSc
and RP patients when mRNAs of genes coding TGFβ1
receptors were analyzed. Only in case of TGFβRII
mRNA slight trend toward difference between groups
was observed, where number of copies was higher in
patients with systemic sclerosis (p = 0.0844). Comparing to controls the expression of TGFβRI was significantly lower in SSc patients (p = 0.0146) (fig. 2), the
number of TGFβRIII mRNA copies was significantly
lower in RP patients (p = 0.0274) (fig. 3).
The TGFβ1 and TGFβ receptors ratios
The TGFβ1/TGFβRI mRNA and the TGFβR3/TGFβR1
mRNA ratios were significantly higher in patients with
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Table 2. Number of mRNA copies and ratios of TGFβ1 and its receptors mRNA in studied groups.
SSc (n = 19)
Mean

Medium

Isolated RP (n = 8)
Mean

Controls (n = 8)

Medium

Mean

Medium

TGFβ1

7202.59

5387.52

3359.71

3277.71

12 812.10

13 825.05

TGFβRI

3753.67

3307.82

6046.33

4315.79

9300.36

5857.81

TGFβRII

139.84

112.13

78.33

63.72

652.75

74.60

TGFβRIII

608.23

359.08

278.94

143.64

728.27

506.01

TGFβRI/TGFβRII

324.74

34.91

987.35

76.62

96.51

71.85

TGFβRIII/TGFβRII

7.65

2.34

21.28

2.24

8.87

6.81

TGFβRIII/TGFβRI

0.23

0.17

0.07

0.03

0.11

0.10

TGFβ1/TGFβRI

2.52

2.24

0.78

0.84

2.00

1.79

TGFβ1/TGFβRII

168.79

53.59

307.70

42.14

161.54

161.29

TGFβ1/TGFβRIII

18.32

14.47

16.91

13.57

22.26

17.30

Fig. 1. Comparison of number of TGFβ1 mRNA copies in
studied groups. Medians ± quartiles and extreme values of
copy numbers are presented. C – control group.

Fig 3. Comparison of number of TGFβRIII mRNA copies in
studied groups. Medians ± quartiles and extreme values of
copy numbers are presented. C – control group.

SSc than in RP patients (p = 0.0079 and p = 0.0337,
respectively). No significant changes were found in
SSc and RP patients comparing to controls.
Correlations

Fig. 2. Comparison of number of TGFβRI mRNA copies in
studied groups. Medians ± quartiles and extreme values of
copy numbers are presented. C – control group.

In the group of patients with systemic sclerosis the number of copies of TGFβ1 mRNA correlated with the number of copies of TGFβRIII mRNA
(p = 0.0004, R = 0.7281). In this group the number
of copies of TGFβRI mRNA was increasing when the
number of copies of TGFβRII mRNA was decreasing
(p = 0.0081, R = -0.5877). Trend toward correlation
between TGFβRII mRNA and TGFβRIII mRNA was
also observed (p = 0.0675, R = 0.4281). In the group
of patients with isolated Raynaud phenomenon only
trend toward correlation between TGFβRI mRNA and
TGFβRII mRNA was observed (p = 0.071, R = -0.666).
Like in group of patients with systemic sclerosis the
number of copies of TGFβRI mRNA was increasing
when the number of copies of TGFβRII mRNA was decreasing. In the control group, like in the group of SSc
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patients, the number of copies of TGFβ1 mRNA correlated with the number of copies of TGFβRIII mRNA
(p = 0.002, R = 0.7281). Trend toward correlation between TGFβRI mRNA and TGFβRII mRNA was also observed (p = 0.071, R = 0.6666 the same strength like
in RP patients). Surprisingly, in control group TGFβRI
mRNA and TGFβRII mRNA correlated positively (both
of them were increasing), while in both groups of patients this correlation was negative, what means that
one parameter was increasing when the second one
was decreasing.
Discussion
Transforming growth factors β-TGFβ constitute the
glikoprotein family of which thus far 3 factors: TGFβ1,
TGFβ2 and TGFβ3 are known in people (22). Best
known is TGFβ1, isolated from blood platelets about 20
years ago. This cytokine is currently considered one of
the most important factors in etiopathogenesis of SSc.
In regard of numerous problems connected with assaying of TGFβ1protein in serum of patients with SSc in
this study we analysed transcriptional activity of TGFβ1
gene. The number of mRNA copies of genes coding
TGFβ1 and its receptors was determined by Quantitative Real-Time Reverse Transcription Polymerase Chain
Reaction (real-time QRT-PCR) (23) technique which has
been used for several years in many branches of medicine. The material for our research was peripheral blood
because no increase of TGFβ1 synthesis in fibroblasts
of patients with SSc was noticed (24), however it is considered that the main sources of TGFβ1 are monocytes,
T cells and also blood platelets (25) which take part in
the disease pathogenesis. Our research also included
patients with an isolated RP in which capillaroscopy
and (or) immunological markers presence suggested a
risk o SSc development. In patients with SSc number of
TGFβ1 mRNA copies was significantly higher than in patients with RP. Both in the group of the patients with SSc
and RP the number of mRNA copies of this gene was
significantly lower than in the control group. Research
up to date showed that TGFβ1 has most significance in
early development stage of SSc (26-27). However data
concerning the role of TGFβ1 in patients with an isolated
RP are insufficient. Angiokinetic changes can precede
the development of skin sclerosis by many years and are
a clinical manifestation of damage to the endothelial tissue and blood platelets activation. Mortazavi-Haghighat
et al. showed a significant increase in TGFβ1 expression and its receptors in vessels and skin fibroblasts in
conditions of hypoxia (38). This is probably a positive
phenomenon as in disorders connected with ischemia
and reperfusion a protective effect of this cytokine has
been shown. TGFβ1 strongly slows down the peripheral
blood mononuclear adhesion to the endothelium (29)
and free radicals generation (30). TGFβ1 can however
chemotactically influence mononuclear cells and therefore intensify inflammatory infiltrations around the vessels correlating with the beginning of the fibrotic process
(31). Our research shows that a reduction in the expres762

sion of the TGFβ1 gene in blood cells can be seen in
the period prior to the development of SSc (isolated RP)
but during fibrosis manifestation expression intensifies
again. TGFβ1 induces the release of autocrine platelet
derived growth factor (PDGF) which influences fibroblast
proliferation independently from other growth factors
derived from the platelets, monocytes and endothelium
(32). In response to TGFβ1 collagen and glucosaminoglicanes synthesis by fibroblasts from SSc patients was
higher than fibroblast from healthy donors (33, 34). Thus
the role of TGFβ1 secreted by blood cells in patients with
SSc seems to be more significant in the fibrosis process
than during the stage of angiokinetic changes. Referring
these results to the control group revealed that both in
patients with SSc and RP a reduction of this gene expression occur. In low concentrations TGFβ1 induces,
whereas in high it slows down cell proliferation (35).
Maybe the observed reduction in the number of copies
of TGFβ1 mRNA in patients’ blood cells proves an early
stage of stimulation of fibroblast proliferation or immune
cells. On the other hand, though this can mean that the
main source of TGFβ1 protein in serum of patients with
SSc is surrounding tissue and not PBMC. This is why
there are so many differences in examinations of other
groups (8-14).
TGFβ1 is the main cytokine with immunoregulatory
effect which influences T cells homeostasis, regulatory
T cells (Treg) and effector cells functions through determined signalization mechanisms in lymphocytes (36).
Disregulation of TGFβ1 expression or its signalisation in
T cells correlate with the beginning of many autoimmunologic disorders. An exemplification of a strong immunosuppressive effect and an important role of this factor
in tolerance induction and regulation of immunological
response is an appearance of a severe syndrome of
autoimmunisation in a mouse TGFβ1-/-, which is characterized by a self-formation of pathogenic antibodies
and infiltrations composed of mononuclear cells within
many organs (37). A disruption of the TGFβ1 signalisation process in T cells through a loss of TGFβRII or an
inactivation of smad3 gene activated by this receptor
results in T cell response disregulation (38-40). It has
been demonstrated recently that TGFβ1 stimulates
nTREG cell formation as well as Foxp3+ iTREG from
CD4+CD25- T cells. However, the molecular mechanism of these processes still remains poorly examined
(41). In SSc a tissue expansion of lymphocytes is of
oligoclonal character and the activated T cells present in the peripheral blood are probably systematically
predetermined for migration outside the vascular wall
(42-44). TGFβ1 can be responsible for inhibition of lymphocyte T proliferation and decrease of NK cell activity
(45). This is why a number of mRNA copies of genes
coding TGFβRI, TGFβRII and TGFβRIII were also determined. No major changes were noticed in transcription
activity of genes coding receptors between patients
with SSc and patients with RP. In patients with SSc in
reference to the control group a reduction in the transcription activity TGFβRI coding gene was noticed.
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The mRNA TGFβ1/TGFβRI ratio in patients with SSc was
considerably higher than in patients with RP, however
no differences were noticed in reference to the control
group. An increase in TGFβRI and TGFβRII expression
both at mRNA and protein levels was noticed in fibroblasts of patients with SSc (24). A heightened ratio of
TGFβRI and TGFβRII concentration correlated with an
increased collagen synthesis (46). Experimental examinations confirmed that a double increase in TGFβRI
concentration in controlled fibroblasts is connected with
a disregulation of gene expression for collagen and
other components of the extracellular matrix (47). Our
results indicate that the role of immune cells circulating
in peripheral blood in later stages of the disease have
of no greater importance. On the other hand, in both
patients with SSc as well as RP the correlation between
TGFβRI and TGFβRII mRNA was negative (in patients
with RP a tendency towards correlation), which means
an increase of one parameter whilst the second one decreases. However in the control group a tendency towards positive correlation between TGFβRI and TGFβRII
mRNA was noticed which means that both parameters
increase or decrease so the proportion between them
is stable. Maybe the changes in receptor proportions
in circulation translates to changes in intracellular signalization in peripheral blood cells, which may result in
secretion of other signalization molecules necessary for
the initiation of the inflammatory process and later fibrosis. It cannot be ruled out that the activity of TGFβ1 is
modulated depending on changes in the concentration
of soluble receptors in circulation. Results achieved by
Pannu et al. (47) can be a confirmation of this hypothesis. Adding a soluble recombinant TGFβRII receptor
to the fibroblast culture resulted in stopping the type I
collagen synthesis dependent on TGFβRI. According to
the research of Mc Cormick et al. (48) and Ihn et al. (49),
blocking TGFβ1 receptors by anti TGFβ1 antibodies or

TGFβ1 oligonucleotides causes attenuation of human
collagen alfa 2 (I) gene transcription in fibroblasts of patients with SSc, which creates new therapeutic possibilities. Ezquerro et al. (50) performed research using peptide obtained from TGFβRIII, which successfully slowed
down liver fibrosis. Therefore it seems that the soluble
form of TGFβRIII receptor also can stop TGFβ1 activity in this process. In our study transcriptional activity
of TGFβRIII gene between groups of patients with SSc
and RP did not differ significantly. In reference to the
control group the number of copies of gene mRNA was
significantly lower than in patients with an isolated RP.
What is more, mRNA ratio of TGFβRIII/TGFβRI genes
was significantly higher in patients with SSc than in patients with RP. Our results can speak for the fact that in
the early stage of the disease a low concentration of a
soluble form of TGFβRIII can appear in the circulation.
The consequence of this may be an increased TGFβ1
activity resulting from changed bioavailability. On the
other hand, changes in proportion of transmembrane
forms of TGFβ1 receptors can lead to a changed activity of signal pathways inside cells, which can result in
a change in activation of specific processes. This can
be supported by the fact that in patients with SSc, similarly to the control group, the number of TGFβ1 mRNA
copies correlated with the number of TGFβRIII mRNA
copies. In patients with an isolated RP such correlation
has not appeared which speaks for a temporary change
only in the early stage of SSc.
In conclusion, research conducted in the blood
showed that a disregulation in expression of TGFβ1
and its receptors genes takes place in the early stage
of SSc development (isolated RP) preceding skin and
internal organ manifestation. This may translate to
changes in the activity of TGFβ1 which may result in
the initiation of the inflammatory process and later fibrosis.
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