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Abstract. Periodontal disease is characterized by inflam-Periodontal disease is characterized by inflam-
mation and bone loss. The balance between inflammatory 
mediators and their counter-regulatory molecules may be 
fundamental for determining the outcome of the immune 
pathology of periodontal disease. Transforming growth 
factor-ơ (TGF-ơ) and vascular endothelial growth factor 
(VEGF) represent a family of polypeptide proteins involved in 
WKH�LQÁDPPDWLRQ�DQG�UHJXODWLRQ�RI�LPPXQH�UHVSRQVHV��HVSH-
cially in rheumatic disease. The relationship between these 
JURZWK�IDFWRUV�DQG�SHULRGRQWLWLV�KDV�UHVXOWHG�LQ�D�QHZ�ÀHOG�
of osteoimmunology and provides a context for better under-
standing the pathogenesis of periodontal disease. Therefore, 
the aim of this study was to compare the protein expression 
SURÀOH�RI�WKHVH�LQÁDPPDWRU\�PHGLDWRUV�LQ����SDWLHQWV�GLYLGHG�
in three groups: healthy control, chronic periodontitis and in 
UKHXPDWLF�GLVHDVH��VFOHURGHUPD��7KH�ÀQGLQJV�SUHVHQWHG�KHUH�
highlight that biomarkers, such as TGF-ơ1 and VEGF, play 
a key role in the evolution of the immune response, which in 
WXUQ�LQÁXHQFHV�WKH�RXWFRPH�RI�GLVHDVH�HVWDEOLVKPHQW�

Introduction

Chronic periodontal disease is an inflammatory condition 
characterized by a shift in the microbial ecology of subgin-
gival plaque biofilms and the progressive host-mediated 

destruction of tooth supporting structures (1). It can affect 
XS� WR� ����RI� WKH�ZRUOG�ZLGH� SRSXODWLRQ�� WKHUH� DUH� FORVH�
connections between periodontal inflammation and major 
chronic condition, such as diabetes, heart disease and chronic 
autoimmune disease (2). The underlying mechanisms causing 
these pathological conditions are still unclear. Two mecha-
nisms were proposed to explain this progression: bacteria 
acquire the ability to penetrate the deeper tissues (3), and/
or the host response is degraded (4). In particular resident 
periodontal ligament and gingival fibroblasts have been 
reported to secrete matrix metalloproteinases (MMPs) and 
chemoattractants for epithelial cells (5). An important role in 
WKH�LQÁDPPDWLRQ�GXULQJ�SHULRGRQWDO�GLVHDVH�VHHPV�WR�DOVR�EH�
played from different proteoglycans and glycosaminoglycans, 
VXFK�DV�V\QGHFDQ����������7KH�SURJUHVVLRQ�RI�LQÁDPPDWLRQ�
and periodontal destruction requires a response to a bacte-
rial insult that includes resident cells that sustain signals to 
trigger the immune response. Host-derived cytokines released 
upon microbial challenge have significant effects on the 
LPPXQH�DQG�LQÁDPPDWRU\�UHVSRQVHV�LQ�SHULRGRQWDO�GLVHDVH�
�������LQGHHG��PDQ\�FURVV�VHFWLRQDO�VWXGLHV�KDYH�H[SORUHG�WKH�
production of Th1 and Th2 cytokines in human periodontitis 
(10,11). A prominent factor in connective tissue remodeling, 
DQG�LQÁDPPDWRU\�GLVHDVHV��LV�WUDQVIRUPLQJ�JURZWK�IDFWRU�ơ 
(TGF-ơ): one of these isoforms, TGF-ơ1 is a multifunctional 
cytokine that regulates cell growth, differentiation and matrix 
production (12). It has potent immunosuppressive activity and 
GRZQUHJXODWHV�WKH�WUDQVFULSWLRQ�RI�RWKHU�SUR�LQÁDPPDWRU\�
cytokines, including interleukin-1, tumor necrosis factor-Ơ and 
several metalloproteinases (13). TGF-ơ is a key mediator of 
WLVVXH�ÀEURVLV�DQG�PD\�OHDG�WR�(&0�DFFXPXODWLRQ�LQ�SDWKR-
ORJLFDO�VWDWHV�������PRUHRYHU�LW�PHGLDWHV�ÀEUREODVW�DFWLYDWLRQ��
proliferation and signaling in cells cultures (15). The gene 
polymorphisms of this cytokine have been associated with risk 
for systemic diseases, including cardiovascular diseases and 
rheumatoid arthritis which are related to periodontitis (16).

,Q�WKH�GHYHORSPHQW�RI�FKURQLF�LQÁDPPDWRU\�GLVHDVH��DQ�
important role is also played by the vascular endothelial growth 
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IDFWRU��9(*)���D����N'D�D�KRPRGLPHULF�SUR�LQÁDPPDWRU\�
glycoprotein that potently increases microvascular perme-
ability, promotes angiogenesis, and stimulates endothelial cell 
SUROLIHUDWLRQ��PLJUDWLRQ��DQG�VXUYLYDO�������WKLV�SURWHLQ�VHHPV�
to be involved in the onset and progression of gingivitis and 
periodontitis, mainly promoting the vascular network expan-
VLRQ�JHQHUDOO\�REVHUYHG�LQ�LQÁDPPDWLRQ�������6WXGLHV�LQWHQGHG�
to associate the action of VEGF with the pathogenesis of 
periodontal disease have reported controversial findings. 
Nevertheless, VEGF expression is more strongly related to the 
healing stage of periodontal disease than to the destruction 
VWDJH�RI�WKH�OHVLRQ������

In recent years, it has become apparent that patients with 
rheumatic diseases and periodontitis share common patho-
JHQHWLF�FKDUDFWHULVWLFV��VXFK�DV�D�SUR�LQÁDPPDWRU\�WUDLW�������
Many reports have shown that periodontal disease is more 
common in rheumatoid arthritis (21), and that periodontal 
therapy reduces the severity of rheumatoid arthritis (22).

Systemic sclerosis (SSc) or scleroderma is a rheumatic 
DFTXLUHG�GLVRUGHU�WKDW�W\SLFDOO\�UHVXOWV�LQ�WKH�ÀEURVLV�RI�WKH�
VNLQ�DQG�LQWHUQDO�RUJDQV�������3UHYLRXV�ÀQGLQJV�LQGLFDWH�WKDW�
the pathogenesis of this disorder includes inflammation, 
DXWRLPPXQH�DWWDFN��DQG�YDVFXODU�GDPDJH��OHDGLQJ�WR�ÀEUREODVW�
DFWLYDWLRQ����������+RZHYHU��FXOWXUHG�66F�ÀEUREODVWV��ZKLFK�
are free from such environmental factors, continue to produce 
the excessive amount of extracellular matrix (ECM) proteins, 
VXJJHVWLQJ�WKDW�66F�ÀEUREODVWV�HVWDEOLVK�D�FRQVWLWXWLYH�VHOI�
activation system once activated (26).

The etiology of SSc remains uncertain, but one of the major 
cytokines that may be involved in this process is TGF-ơ1 (27), 
and the principal effect of this cytokine on mesenchymal 
cells is the stimulation of ECM deposition and angiogenesis 
alterations. We have already studied the distribution, by 
immunohistochemical analysis, of the major integrin and 
sarcoglycans subcomplex in bisphosphonate-induced osteone-
crosis of the jaw (28), and the distribution of collagen I and IV 
into the periodontal ligament during orthodontic tooth move-
PHQW������DQG�IRU�WKH�ÀUVW�WLPH��LQ�WKH�OLWHUDWXUH��ZH�LQYHVWLJDWHG�
the role of TGF-ơ1 and VEGF in the gingival tissues in the 
pathogenesis of rheumatic disease, SSc.

Therefore, the objective of the present study was to immu-
nohistochemically determine the expression and distribution 
of TGF-ơ1 and VEGF in the gingival tissues and periodontal 
ligament of patients with chronic periodontitis (CP) and SSc 
compared to the healthy control group (CO).

Materials and methods

Patient selection. Ninety patients were enrolled in this cross-
sectional study performed from August 2010 and July 2011 at 
the University of Messina, Messina, Italy.

Thirty patients (5 male, 25 female, mean age 52.4, SD ±8.5), 
DV�GHÀQHG�E\�WKH�$PHULFDQ�&ROOHJH�RI�5KHXPDWRORJ\�FODVVLÀ-
FDWLRQ�FULWHULD�IRU�66F�ZHUH�FODVVLÀHG�DV�GLIIXVH�66F�RU�OLPLWHG�
SSc based on the extent of skin involvement (30). Disease onset 
ZDV�GHWHUPLQHG�E\�SDWLHQWV
�UHFDOO�RI�WKH�ÀUVW�QRQ�5D\QDXG�
symptom clearly attributable to scleroderma (31). Thirty 
SDWLHQWV�ZLWK�FKURQLF�DGXOW�SHULRGRQWLWLV�����PDOH�����IHPDOH��
PHDQ�DJH�����6'�������EDVHG�RQ�WKH�FULWHULD�GHÀQHG�E\�WKH�
American Academy of Periodontology (32) and 30 healthy 

FRQWURO�VXEMHFWV�����PDOH�����IHPDOH��PHDQ�DJH�������6'�������
were enrolled. Therefore, the patients were divided in: CP, SSc 
and CO groups.

The protocol was approved by the Ethics and Research 
Committee of University of Messina, and ethical approval was 
obtained for the experimental procedures applied in humans, 
in accordance with the provisions of the World Medical 
$VVRFLDWLRQ
V�'HFODUDWLRQ�RI�+HOVLQNL�RI�������DV�UHYLVHG�LQ�
2000. All patients included in the study signed an informed 
consent form. Patients with: diabetes mellitus, liver, kidney, 
or salivary gland dysfunction, history of alcoholism, a recent 
history or the presence of other acute or chronic infection, 
systemic antibiotic treatment or immunosuppressant medica-
tion (non SSc groups only) within previous three months, 
pregnancy and intense physical activity, smoking history or 
WKH�SUHVHQFH�RI�DQ�RUDO�PXFRVDO�LQÁDPPDWRU\�FRQGLWLRQ��ZHUH�
H[FOXGHG�IURP�WKH�VWXG\��,QFOXVLRQ�FULWHULD�LQFOXGHG������\HDUV�
of age who were in good general health (excluding the case 
GHÀQLWLRQ��DQG�KDG�����HUXSWHG�WHHWK�

7KH�&3�JURXS�KDG�!����RI�VLWHV�ZLWK�EOHHGLQJ�RQ�SURELQJ�
�%23���!����RI�VLWHV�ZLWK�SURELQJ�GHSWK��3'��!��PP��!����
of sites with interproximal clinical attachment level (CAL) 
!��PP��7KH�KHDOWK\�FRQWURO�VXEMHFWV�KDG������VLWHV�ZLWK�%23�
����RI�VLWHV�ZLWK�3'�!��PP��QR�VLWHV�ZLWK�3'�!��PP������RI�
sites with CAL >2 mm and no radiographic bone loss (evident 
LQ�SRVWHULRU�YHUWLFDO�ELWHZLQJV�ÀOPV��

Clinical measurements. On each subject, plaque index (PI) (33), 
PD, clinical attachment level (CAL), community periodontal 
index of treatment needs (CPITN) (34) and presence of BOP 
were measured at 6 sites and recorded on each tooth. Every 
clinical periodontal measurement was performed by one cali-
brated examiner.

Gingival tissue biopsies. Gingival tissue and periodontal 
samples were carried out during routine erupted third molar 
extractions, advanced caries and orthodontic indications for 
the PD, SSc and healthy control groups. The collection of 
tissues of 2x2 mm in size were washed with saline solution 
DQG�À[HG�LQ�����QHXWUDO�EXIIHUHG�IRUPDOLQ��WUDQVSRUWHG�DW��Ý&�
and processed for immunohistochemistry.

Immunohistochemistry. From each biopsy, 25 sections were 
prepared. The samples were snap-frozen in liquid nitrogen and 
20 µm sections were prepared in a cryostat for their use in a 
SURWRFRO�WR�SHUIRUP�LPPXQRÁXRUHVFHQFH��)LQDOO\��WKH�VHFWLRQV�
were incubated with primary antibodies. The following primary 
antibodies were used: anti-TGF-ơ1 diluted 1:50 (sc146, Santa 
Cruz Biotechnology, Inc., Heidelberg, Germany), anti-VEGF 
diluted 1:50 (VG1, Novus Biologicals, Littleton, CO, USA). 
Primary antibodies were detected using Texas Red-conjugated 
IgG (Jackson ImmunoResearch Laboratories, Inc.). Slides were 
ÀQDOO\�ZDVKHG�LQ�3%6�DQG�VHDOHG�ZLWK�PRXQWLQJ�PHGLXP�

In the analysis, each specimen was divided into the 
IROORZLQJ�WKUHH�DUHDV�WR�DOORZ�TXDQWLÀFDWLRQ�RI�WKH�GLVWULEX-
tion of cluster designation (CD) marked cells: i) the sulcular 
epithelium, ii) the middle area (lamina propria), and iii) the 
oral gingival epithelium. The investigations were conduced 
on 2,250 images by a blinded pathologist who performed the 
analysis in a blinded manner. The sections were then analyzed 



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  30:  502-508,  2012504

and images were acquired using a Zeiss LSM 5 DUO confocal 
laser scanning microscope (Carl Zeiss MicroImaging GmbH, 
Jena, Germany). All images were digitalized at a resolution of 
8 bits into an array of 2,048x2,048 pixels. Optical sections of 
ÁXRUHVFHQW�VSHFLPHQV�ZHUH�REWDLQHG�XVLQJ�D�+H1H�ODVHU��ZDYH-

length, 543 nm) and an Argon laser (wavelength, 458 nm) at a 
��PLQ���VHF�VFDQQLQJ�VSHHG�ZLWK�XS�WR���DYHUDJHV��������P�
sections were obtained using a pinhole of 250. Each image was 
acquired within 62 sec, in order to minimize photodegradation 
�$GREH�3KRWRVKRS������$GREH�6\VWHPV��3DOR�$OWR��&$��86$��

7DEOH�,��&OLQLFDO�FKDUDFWHULVWLFV�RI�WKH�SDWLHQWV�DW�EDVHOLQH�����SDWLHQWV��

 Healthy control Chronic periodontitis Scleroderma
 ----------------------------------------------- ----------------------------------------------- ------------------------------------------------
&OLQLFDO�PHDVXUHPHQW� Q� �� Q� �� Q� �

CAL (mm)
  <2.5 24 80.0 - - 4 13.3
  >2.5 to <3.5 6 20.0 2 6.6 10 33.3
�������WR������ �� �� ��� ����� ��� ����
������� �� �� ��� ����� �� ����
  Median 3  5  4
��&,������� ��� � ��� � ��
��/�8� ���������� � ���������� � ���������

PD (mm)
  <2.5 22 73.3 - - 5 16.6
�������WR������ �� ����� �� ����� �� ����
�������WR������ �� �� ��� ����� ��� ����
������� �� �� �� ����� �� ����
  Median 3  5  5
��&,������� ��� � �� � ��
���/�8�� ���������� � ��������� � ���������

PI (value)
  <1 25 83.3 - - 5 16.6
  >1 to <2 4 13.3 21 70.0 15 50.0
�����WR���� �� � �� ����� �� ����
  Median 0  1  2
��&,������� ��� � ��� � ��
  (L-U) 0.28-0.48  1.01-0.36  1.44-1.7

BOP (value)
  <1 25 83.3 1 3.7 7 23.3
  >1 to <2 5 16.6 21 70.0 17 56.6
�����WR���� �� �� �� ����� �� ����
  Median 0  1  1
��&,������� ��� � ��� � ��
��/�8� ���������� � ���������� � ���������

CPITN (value)
����� ��� ����� �� ����� �� ����
  >1 to <2 1 3.3 11 36.6 17 56.6
�����WR���� �� �� ��� ����� �� ����
�����WR���� �� �� �� ����� �� ����
  Median 0  1  3
��&,������� ��� � ��� � ��
  L-U 0.06-0.24  1.21-1.54  2.57-2.85

3'��SURELQJ�GHSWK��&$/��FOLQLFDO�DWWDFKPHQW�OHYHO��3,��SODTXH�LQGH[��%23��EOHHGLQJ�RQ�SURELQJ��&3,71��&RPPXQLW\�3HULRGRQWDO�,QGH[�RI�
7UHDWPHQW�1HHGV��&,��FRQÀGHQFH�OLPLW��/��ORZHU�TXDUWLOH��8��XSSHU�TXDUWLOH�
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Statistical analysis. Frequency distributions, median and stan-
dard deviation (SD) values were determined at baseline in each 
group to describe the clinical parameters (CAL, PD, CPITN, PI 
and BOP). The Kruskal-Wallis and the Mann-Whitney U tests 
were carried out when comparing the clinical parameters 
(CAL, PD and CPITN) in the three independent groups and 
the Wilcoxon singed rank test was used when comparing three 
matched-pair groups. The differences were considered statisti-
FDOO\�VLJQLÀFDQW�ZKHQ�3�������RU������7KH�GDWD�ZHUH�DQDO\]HG�
ZLWK�VRIWZDUH�3ULVP��*UDSKSDG�,QVWDW��YHUVLRQ�������*UDSK3DG�
Software, San Diego, CA, USA).

Results

$�KLJKHU�&$/�����PP���3'�VLWH�����PP��DQG�3'�YDOXHV�������
was observed in the SSc group compared with the controls 

�3��������DGGLWLRQDOO\��WKH�%23�YDOXHV������ZHUH�VLJQLÀFDQWO\�
higher in the SSc group than the healthy controls (P<0.05) 
(Fig. 1). Results are presented as the medians, confidence 
levels, lower and upper (L-U) quartiles (Table I). Higher levels 
of PI were observed in the CP compared to the CO group. 
%23��DV�D�PHDVXUH�RI�DFXWH�SHULRGRQWDO�LQÁDPPDWLRQ��ZDV�
elevated in patients with CP compared to the CO group.

In order to investigate the relationship between gingival 
biomarker levels and clinical parameters of periodontal disease, 
ZH�SHUIRUPHG�LPPXQRÁXRUHVFHQFH�UHDFWLRQV�RQ�JLQJLYDO�DQG�
periodontal ligament samples obtained from CO, CP and SSc, 
using antibodies against TGF-ơ1 and VEGF. First of all, we 
performed a negative control both on gingival samples with 
TGF-ơ1 (Fig. 2A) and VEGF (Fig. 2B) and periodontal liga-
ment samples with TGF-ơ1 (Fig. 2C) and VEGF (Fig. 2D) using 
the secondary antibody only. Our results on gingival samples 

)LJXUH����&RPSDULVRQ�RI�FOLQLFDO�SDUDPHWHUV�EHWZHHQ�WKUHH�JURXSV��Q ���SDWLHQWV���5HVXOWV�RI��$��SURELQJ�GHSWK��3'��DQG��%��FOLQLFDO�DWWDFKPHQW�OHYHO��&$/��
are shown as box plots, with median, upper and lower quartiles and max and min values. (C) Community Periodontal Index of Treatment Needs (CPITN) 
VKRZQ�DV�EDUV�ZLWK�VWDQGDUG�GHYLDWLRQ��6'��RI�WKH�YDOXHV��&2��KHDOWK\�FRQWURO�JURXS��Q �����&3��FKURQLF�SHULRGRQWLWLV�JURXS��Q �����66F��VFOHURGHUPD�JURXS�
(n=30). The medians for PD were 3, 5 and 5 for the CO, CP and SSc groups, respectively. The medians for CAL were 3, 5 and 4 and those for CPITN were 0, 
1 and 3 for the CO, CP and SSc groups, respectively. Comparison between the three groups test: *3�������WZR�VLGHG��VLJQLÀFDQW��**3��������WZR�VLGHG��KLJKO\�
VLJQLÀFDQW��16��QRW�VLJQLÀFDQW��0XOWLSOH�FRPSDULVRQV��VLJQLÀFDQFH�LV�REWDLQHG�EHWZHHQ�&3�DQG�FRQWUROV��66F�DQG�FRQWUROV�DQG�&3�DQG�66F��3'��**&3�YV��&2��
**66F�YV��&2��16��&3�YV��66F��&$/��**&3�YV��&2��**66F�YV��&2��*CP vs. SSc. CPITN, **&3�YV��&2��**66F�YV��&2��**CP vs. SSc.

Figure 2. Negative control of gingival and periodontal samples sections and corresponding transmitted (A and C) light immunolabeled with TGF-ơ1 and 
(B and D) immunolabeled with VEGF.
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clearly showed a normal staining pattern for TGF-ơ1 in CO 
(Fig. 3A), whereas the staining was severely reduced in samples 
of patients with CP (Fig. 3B) and SSc (Fig. 3C). In contrast 
in immunofluorescence reactions performed using VEGF 
antibodies, staining patterns showed a higher intensity in CP 
(Fig. 3E) and SSc (Fig. 3F) than that observed in CO (Fig. 3D).

Similar results were obtained by immunofluores-
cence analysis of periodontal ligament (PDL) samples. 
Immunofluorescence reactions performed with TGF-ơ1, 
demonstrated that the staining signal was nearly absent in 
PDL obtained from patients affected by CP (Fig. 4B), and 

SSc (Fig. 4C) compared to PDL obtained from CO (Fig. 4A). 
0RUHRYHU�LPPXQRÁXRUHVFHQFH�SHUIRUPHG�XVLQJ�WKH�9(*)�
antibody revealed a higher staining pattern for VEGF in CP 
(Fig. 4E) and SSc (Fig. 4F) than that observed in CO (Fig. 4D). 
)XUWKHUPRUH��LQ�SHULRGRQWDO�GLVHDVHV�DQ�LQFUHDVH�RI�ÁXRUHV-
cence was detected around the blood vessels (red circles in 
Fig. 4E and F).

Finally comparison of the clinical parameters between the 
VWXGLHG�JURXSV��E\�VWDWLVWLFDO�DQDO\VLV��VKRZHG�VLJQLÀFDQWO\�
higher differences in PD, CAL and CPITN, between patients 
with CP and SSc compared to CO.

Figure 4. Confocal laser scanning microscopic observation. Periodontal ligament samples immunolabeled with (A-C) TGF-ơ1 and (D-F) VEGF in (A and D) 
healthy control, (B and E) chronic periodontitis and (C and F) scleroderma.

Figure 3. Confocal laser scanning microscopic observations. Gingival samples immunolabeled with (A-C) TGF-ơ1 and (D-F) VEGF in (A and D) healthy 
control, (B and E) chronic periodontitis and (C and F) scleroderma. (Scale bar, 10 µm).
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There was a higher statistically significant difference 
(P<0.001) in the percentage of sites with CAL among the CP 
and SSc group and the control group (Fig. 1). There was no 
VWDWLVWLFDOO\�VLJQLÀFDQW�GLIIHUHQFH�DW�WKH�3'�VLWHV�EHWZHHQ�WKH�
CP and SSc group, but a statistically difference (P<0.05) in 
CAL between the CP and SSc group.

Discussion

To study the role and the production of autocrine TGF-ơ1 and 
VEGF signaling, the production of these growth factors in CO, 
CP, SSc groups were examined, analyzing gingival and PDL 
biopsies obtained from each patient. Contrast and brightness 
were established by examining the most brightly labeled pixels 
and choosing the settings that allowed clear visualization of 
the structural details while keeping the pixel intensity at its 
highest (~200).

This study showed that patients with CP and SSc had major 
severe periodontal disease in respect to the control group 
(Fig. 1). These studies also showed a particular relationship 
between periodontal disease and other chronic inflamma-
tory diseases, such as SSc. These biomarkers contribute to 
sustaining the destructive inflammatory cascades seen in 
chronic periodontitis.

Transforming growth factor-ơ1 (TGF-ơ1) is known as 
RQH�RI�WKH�PDMRU�DQWL�LQÁDPPDWRU\�F\WRNLQHV�������7KH�ODUJH�
number of previous reports examining these polymorphisms 
of the TGF-ơ��JHQH�LQ�YDULRXV�GLVHDVHV�UHÁHFWV�WKH�LQWHUHVW�
in the role of this gene in chronic inflammatory diseases. 
Skaleric et al (36) found elevated TGF-ơ1 levels in gingival 
FUHYLFXODU�ÁXLG�VDPSOHV�IURP�VLWHV�ZLWK�GHHSHU�SHULRGRQWDO�
pockets.

Our results suggest that high TGF-ơ1 production may be 
a protective factor for periodontitis: potentially, this growth 
factor also accelerates connective tissue remodeling and 
DQJLRJHQHVLV�������LWV�ELRORJLFDO�DFWLYLWLHV�UHVXOW�LQ�LQVXIÀFLHQW�
remodeling and perfusion of tooth-supporting tissues contrib-
uting to periodontal destruction. However, previous reports 
UHQGHUHG�FRQWUDGLFWRU\�ÀQGLQJV�DERXW�WKH�UROH�RI�WKLV�JURZWK�
factor (38).

Upregulation of TGF-ơ1 cytokine in patients with adult 
periodontitis may counterbalance the destructive gingival 
LQÁDPPDWRU\�UHVSRQVHV�LQ�WKH�DFXWH�SKDVH�RI�SHULRGRQWLWLV�������
On the other hand, TGF-ơ1 was shown to induce chemotaxis 
for neutrophils, monocytes, mast cells and lymphocytes and is 
also an important mediator of the T-lymphocyte population (40).

Research to date has shown that TGF-ơ1 is mainly impor-
tant in the early development stage of SSc (41). The main role 
LQ�WKH�ÀEURVLV�SURFHVVHV�FRXOG�EH�SOD\HG�E\�WKLV�JURZWK�IDFWRU��
produced in excess by peripheral blood mononuclear cells 
(PBMC) (42).

TGF-ơ��VHHPV�WR�EH�PRUH�VLJQLÀFDQW�LQ�WKH�ÀEURVLV�SURFHVV�
than during the angiokinetic changes. TGF-ơ1 strongly slows 
down the PBMC adhesion to the endothelium and the genera-
tion of free radicals but can stimulate chemotaxis. Therefore, 
TGF-ơ��PD\�LQWHQVLI\�LQÁDPPDWRU\�LQÀOWUDWLRQV�DURXQG�WKH�
YHVVHOV�FRUUHODWLQJ�ZLWK�WKH�EHJLQQLQJ�RI�WKH�ÀEURVLV�SURFHVV�
(43).

In addition, the present study clearly showed that VEGF 
H[SUHVVLRQ�ZDV�LQFUHDVHG�VLJQLÀFDQWO\�LQ�WKH�GHVWUXFWLRQ�VWDJH�

of the lesion, in contrast with a previous study that showed 
higher level of VEGF in the healing stage of the periodontal 
GLVHDVH�������2XU�VWXG\�DOVR�VKRZHG�WKDW�WKH�PHDQ�FRQFHQWUD-
tions of VEGF in periodontal tissues increased progressively 
from healthy to SSc subjects. This growth factor, in concert 
with TGF-ơ1, acts to stabilize the vascular wall and its imbal-
anced expression has been implicated in aberrant angiogenesis, 
a crucial factor in the pathogenesis of the SSc (44). However, 
angiogenesis in SSc is somewhat controversial. On one hand, 
Ozcelik et al (45) observed lower percentages of local VEGF 
expression in gingival biopsies of SSc patients when compared 
to the control group. On the other hand, Koch and Distler (46) 
showed, in accordance with our results, an increased produc-
tion and stimulated neovascularization of VEGF in the blood 
vessels in the skin of SSc patients.

In conclusion, it is important to determine the exact func-
tion of these genetic polymorphisms during periodontitis in 
order to better understand their importance during disease 
progression. There is no doubt that we now have the tech-
nological basis to generate and analyze large volumes of 
information in the pursuit of understanding complex diseases 
such as periodontal disease at the molecular genetic level.

Our results suggest that TGF-ơ1 may contribute both to 
LQÁDPPDWRU\�UHJXODWLRQ�DQG�UHPRGHOLQJ�HYHQWV�GXULQJ�SHUL-
odontal disease. Therefore, we have documented that TGF-ơ1 
downregulation in active periodontitis lesions has a key role in 
tissue destruction and bone resorption.

7KH�ÀQGLQJV�SUHVHQWHG�KHUH�PDNH�LW�FOHDU�WKDW�ELRPDUNHUV��
such as TGF-ơ1 and VEGF play a key role in the evolution 
of the immune response in the periodontal and scleroderma 
GLVHDVH��ZKLFK�LQ�WXUQ�LQÁXHQFHV�WKH�RXWFRPH�RI�GLVHDVH�HVWDE-
lishment and evolution. It is important, therefore, to identify 
biomarkers that correlate with disease activity, prognosis and 
response to therapy allowing physicians to accurately identify 
patients early, those likely to respond and to predict prognosis 
of the disease.
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