
Abstract. The presence and distribution of lymphatic
vessels and mast cells in the gingiva under normal and
pathological conditions have been reported by several
studies, but the relationship between them during
inflammatory lymphangiogenesis is virtually unknown. The
aim of the present study was to investigate the lymphatic
microvessel density (LMVD) and mast cell density (MCD)
in the gingiva of patients with periodontal disease compared
to normal-like gingiva. Gingival punch biopsies from 51
patients with periodontal disease were investigated. MCs
and LVs were detected by double-immunohistochemistry,
using primary antibodies against mast cell tryptase and D2-
40. The inflammatory infiltrate was evaluated on a scale
from 0 (absent) to +3 (severe inflammation). MCs and LVs
were counted in the same microscopic field for each case at
×200 magnification. We found a significant increase in the
number of both MCs and LVs in cases with mild and
moderate inflammatory changes, followed by a slight
decrease in cases with severe inflammation. We have shown
a particular association between MCs and LVs that may
support the contribution of MCs to the development of the
lymphatic vasculature in inflammatory conditions. MCD
correlated with LMVD in all cases with mild and moderate
inflammatory changes, but not in cases with severe
inflammation. No correlation was found between
MCD/LMVD and the density of the inflammatory infiltrate.
Our results suggest the potential involvement of MCs in the

induction and maintenance of lymphangiogenesis in the
gingiva of patients with periodontal disease in the early
steps of evolution.

Lymphangiogenesis defines the process of new lymphatic
vessel (LVs) formation from post capillary venules or from
pre-existing lymphatics. In the past three decades, LVs have
been less investigated in comparison to blood vessels,
especially for benign conditions. These studies were restricted
particularly by the lack of highly-specific markers of the
lymphatic endothelium. Such markers were introduced in
practice only in the last 15 years, and nowadays podoplanin,
prospero-related homebox 1 gene (PROX1) or lymphatic
vessel endothelial hyaluronan receptor (LYVE1) are largely
used to discriminate between lymphatic and blood vessels (1).
Podoplanin is expressed by developing and mature lymphatic
endothelial cells and its formalin-insensitive epitope, called
D2-40, is the most used antibody to identify LVs in normal
and pathological conditions. Although highly specific for the
lymphatic endothelium, podoplanin is also expressed by a
variety of cells in both normal and pathological conditions,
but not by the blood vessel endothelium (2). 

The molecular mechanisms that initiate and maintain normal
and pathological lymphangiogenesis are strongly related to the
vascular endothelial growth factors (VEGF)-C and -D, which
specifically bind two tyrosine kinase receptors, VEGF receptor
(VEGFR)-3 and VEGFR2. The VEGFC/D–VEGFR3 axis
increases vascular permeability, and stimulates proliferation,
migration and survival of lymphatic endothelial cells in vivo
and in vitro (3, 4). Lymphangiogenesis has been extensively
investigated in malignant tumors, based on the prognostic
relevance of lymphovascular invasion and the predictive role
of lymph node metastasis (5-7). Despite the first early
description and characterization of LV architecture and
histology in various animal models of normal and inflamed
gingiva (8-10), few data are available about lymphangiogenesis
in inflammatory conditions, and fewer than 10 articles have
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been published on the topic of periodontal disease, most of
them being in the past three years (11-14). Previous data
particularly analyzed the number and structure of LVs, but the
relationship between LVs and the microenvironment of gingival
lamina propria his been less investigated. 

Heterogeneity of inflammatory cells involved in
periodontal disease and, moreover, their different mechanism
of action during the development of inflammation hampered
the full characterization of each type of inflammatory cell
during periodontal disease progression. Currently, at least
two resident cells of the lamina propria of the gingiva may
be involved in lymphangiogenesis, based on their ability to
secrete growth factors in normal and pathological lesions.
From these, macrophages have been reported as active
players in tumor-associated lymphangiogenesis (15, 16), but
have been less studied concerning their involvement in
lymphangiogenesis in periodontal disease (17). Mast cells
are inflammatory cells commonly involved in angiogenesis
and it has been demonstrated that their activation leads to
VEGFA secretion, which stimulates proliferation of blood
vessel endothelium (18-20). Mast cells are bone marrow-
borne granulated cells normally found in the connective
tissue and found in large numbers in the gingiva. Previous
studies have demonstrated the increase of mast cell density
(MCD) in inflammatory conditions in both connective and
epithelial compartments of the gingiva of patients with
periodontal disease. Although the MC reaction in the gingiva
of patients with periodontal disease has been noticed by
several authors (21-23), the basic significance of this change
is still elusive (24). 

MCs are very complex cells that contain many
biologically-active substances in cytoplasmic granules,
including biogenic amines, glycosaminoglycans, proteolytic
enzymes and growth factors. The release of these substances
by degranulation induces many changes in the connective
tissue that also includes the vasculature (25, 26). 

Currently, as far as we are aware of, there are no data in
the literature on the relationships between MCs and LVs, and
we hypothesized that MCs activation stimulates changes in
the structure of LVs and an increase of lymphatic
microvessel density (LMVD). In the present study, we
investigated the distribution and number of LVs and MCs in
the gingiva of patients with periodontal disease using a
double immunostaining method. To the best of our
knowledge, it is the first report to suggest the involvement
of MCs in inflammatory lymphangiogenesis of the gingiva.  

Materials and Methods
Patient data. We investigated 12 patients without significant changes
of the oral mucosa, and 15 patients with mild, 16 with moderate and
eight with severe inflammatory lesions of the gingiva as found on
clinical examination. Punch biopsies were taken from each patient
and washed with buffered saline. The local Research Ethics

Committee approved of the protocol of the study and informed
consent was obtained from all study participants, according to the
World Medical Association Declaration of Helsinki.

Primary processing. Biopsies were fixed in 10% buffered formalin
and paraffin embedded, using the standard histological technique.
Five micrometer-thick sections were prepared for each case and
were stained with the routine haematoxylin-eosin method. These
slides were used to analyze the morphological changes of the
epithelium and to evaluate the density of the inflammatory infiltrate.
Additional slides were prepared and selected for the
immunohistochemical study. 

Immunohistochemistry. Immunohistochemical detection of LVs was
performed by using monoclonal mouse antibody against human
podoplanin (clone D2-40, dilution 1:200; Dako, Carpinteria, CA,
USA). MCs were labeled with monoclonal mouse antibody to
human MC tryptase (MCT, clone AA1, dilution 1:500; Dako).

Briefly, sections were de-waxed and then a heat-induced epitope
retrieval method was applied by treating sections with citrate buffer
(pH 6) for 30 min at 99˚C following the scheduled PT Link
automatic protocol (Dako, Carpinteria, USA). Endogenous
peroxidase activity was blocked by incubating the sections with 3%
hydrogen peroxide solution for 10 minutes. 

Co-localization of D2-40 and MCT was obtained by performing
a double immunostaining method. The first step of the method
included 30 minutes’ incubation with MCT, followed by the use of
Novolink Polymer/HRP detection system (Novocastra, UK) and
3,3’-diaminobenzidine as chromogen, highlighting the MCT-
containing granules stained in dark brown. The second step of the
procedure started with endogenous peroxidase block step performed
in the same manner as previously described. D2-40 antibody to
podoplanin was applied to the slides for 30 min and the same
detection system was used, followed by incubation with Vina Green
chromogen kit (Biocare, Concorde, CA, USA) for 15 minutes,
followed by nuclear counterstaining with modified Lillie
Haematoxylin. Vina Green detected the cytoplasmic expression of
podoplanin as a bright green signal observed in basal cells of
gingival epithelium (used as internal control of the reaction) and
also inside LV endothelium.

All steps of the immunohistochemical procedure were perfomed
in a fully automated manner by using Dako Autostainer Plus System
(Dako Cytomation, Carpinteria, CA, USA) and the slides were
mounted with permanent mounting media (Leica Mount; Leica
Microsystems, Nussloch, Germany). 

Scoring. The inflammatory infiltrate was scored as 0 (absent), +1
(isolated inflammatory cells, fewer than 10 per ×400 field), +2
(aggregates of inflammatory cells in the lamina propria only), and +3
(aggregates of inflammatory cells in the lamina propria associated
with intraepithelial lymphocytes). MCD and LMVD were calculated
using the hot-spot method, at ×200 magnification (Figure 1A). Three
hot spots with higher density of MCs and LVs were chosen for each
case and the arithmetic mean of the three hot spots was calculated as
the final result. Tryptase-positive granules scattered in the intercellular
space were not included in evaluation of MCD. 

Statistical analysis. Statistical analysis was performed with the
commercially available SPSS20.0 software (IBM Corporation,
Armonk, NY, USA) and Microsoft Excel 2010 software ( Redmond,
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WA, USA). The relationships between the density of the
inflammatory infiltrate, MCD in the lamina propria and
intraepithelial MCs were evaluated, applying Spearman test, and
values of p<0.05 were considered statistically significant.

Results

MCs and LVs were identified by double immunostaining in
all cases included in the study and were quantifed in close
relationship in the same microscopic field. 
Normal-like gingival tissues and gingiva with microscopic
changes specific for periodontal disease contained both LVs
and MCs but several significant morphological and
numerical differences were observed for LVs and MCs
between normal and pathological conditions of the studied
gingival tissues. 

Gingiva lacking microscopic inflammatory changes
exhibited a D2-40-positive reaction, with a diffuse
cytoplasmic pattern located in the lymphatic endothelium
and basal epithelial cells of the gingival epithelium. Most of
the superficial LVs were small, irregular in shape, with
narrow lumen. LVs located deeply inside the lamina propria
had a larger and regular lumen (Figure 1B). MCs were
located at the some distance from LVs and no particular
association was found between MCs and LVs in cases
without inflammatory changes. Degranulation was rarely
observed, and was restricted to MCs located in the
superficial lamina propria. The MCD ranged between 17 and
49 (average=33.62) and the LMVD ranged between 4 and 27
(average=15). No significant correlation was found between
MCs and LVs in the normal-like gingiva.

In cases with periodontal disease with mild inflammatory
changes scored as +1, we found LVs with a lymphatic vessel
endothelial hyaluronan receptor lamina propria, close to the
epithelium. In some cases, we also noticed D2-40-positive
structures without evident lumen associated with one or more
MCs at the tip. We noticed a dramatic increase in the number
of MCs in both superficial and deep lamina propria, but in
association with a low rate of degranulation. More than half
of the cases exhibited a significant number of intraepithelial
MCs. The MCD ranged between 35 and 111 (average=73.16)
and the LMVD ranged between 11 and 28 (average=20.66).
A significant positive correlation was found between MCD
and LMVD for p<0.0001. 

In cases with moderate inflammatory infiltrate, no
significant changes in the number of LVs were found
compared to the group of periodontal disease with mild
inflammation, and values of MCD were similar to those
found in cases with mild inflammatory infiltrate (Table I).
The MCD ranged between 64 and 121, and LMVD ranged
between 14 and 29. We found a significant positive
correlation between MCD and LMVD (p<0.0023), but not
between MCD/LMVD and the grade of inflammation. 

For periodontal disease associated with mild or moderate
inflammation, an increased number of both LVs and MCs
was noted. Moreover, MCs were grouped around LVs, some
of them being identified in close apposition to the outer
surface of the LV wall. The morphology of LVs was also
changed. For the specimens with no inflammation or mild
inflammatory changes, LVs with large and well-defined
lumen predominated; in contrast, in cases with moderate
inflammatory infiltrate there was a predominance of small
LVs with or without patent lumen. Morphological
heterogeneity of the LVs included rarely observed vessels
with a large lumen and several LVs with a slit-like lumen and
cord-like structures lined by D2-40-positive endothelial cells
but lacking a visible lumen (Figure 1C, red arrows). For
periodontal disease with microscopically detected moderate
inflammatory changes, all LV types had a tendency to be
distributed in small groups associated with an increased
number of both degranulated and non degranulated MCs
(Figure 1C, arrowheads). Interestingly, the highest MCD was
observed around D2-40-positive LVs without lumen,
suggesting a strong involvement of MCs in the early stages
of new LV development (Figure 1C and 1F). 

In cases with severe inflammation, scored as +3, we found
a marked decrease in the number of MCs and a high rate of
degranulation (Table I). In this group, MCs were frequently
associated with the inflammatory infiltrate. Additionally,
most of the LVs were of mature type, having a fully
developed and perfused lumen, as shown in Figure 1D.
Occasionally, scattered LVs with cord-like morphology or
isolated D2-40-positive stromal cells with endothelial-like
morphology were detected, both being surrounded by a
higher number of MCs compared to mature ones LVs. No
correlation was found between MCD and LMVD in this
group of patients.

Discussion

The investigation of LVs in the normal gingiva and periodontal
disease is not new. On the basis of classic morphological
methods, LVs were reported in this location many years ago
(8, 9). LVs of the gingiva are located in the lamina propria
and travel close to the external surface of the alveolar bone
(12). It is supposed that LVs drain fluids and regulate the
interstitial fluid pressure and volume. Formation and
maintenance of LVs is under the control of growth factors,
such as VEGFC and -D, and most probably, Platelet Derived
Growth Factor BB (PDGF BB), via their cognate receptors
VEGFR3 and PDGFRβ, respectively (12, 27). The growth
factors are secreted by cells of the covering epithelium and by
some immune cells found in the lamina propria. VEGFC
seems to be an important player in lymphangiogenesis
associated with periodontal disease, but the knowledge in this
field is limited as very few studies have been published on this
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topic. Moreover, there is a lack of data concerning the role of
MCs in periodontal disease-associated lymphangiogenesis as a
potential source of lymphangiogenic factors. 

Highly specific markers of the lymphatic endothelium
were introduced in practice only in last 15 years. However,
LV number and distribution in the gingiva were evaluated
with less specific methods, such as 5’-nucleotidase or
transmission electron microscopy, and it was noticed that a
well-developed network can be detected (28, 29). In the

present study, we investigated LVs using the most specific
marker, D2-40, which recognizes the formalin-insensitive
epitope of podoplanin. D2-40 is highly specific for lymphatic
endothelial cells and does not stain blood vessel endothelium
(2). The double immunostaining for D2-40 and MCT
allowed for counting of LVs and MCs in the same
microscopic field. To the best of our knowledge, this is the
first application of this method to quantify both LVs and
MCs in the gingiva of patients with periodontal disease.
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Figure 1. A hot-spot field used to count mast cells and lymphatic vessels (A, ×200). Lymphatic vessels (green) and mast cells (brown) in gingiva
without inflammatory changes (B, ×400), with moderate inflammatory infiltrate (C, ×400) and with severe inflammatory changes (D, ×400). Mast
cell apposition to the external wall of the lymphatic vessel (E, ×400). D2-40-positive tube-like structure surrounded by mast cells, without
inflammatory infiltrate (F, ×400). 



There are very few data concerning the relationships
between MCs and lymphangiogenesis, and this aspect was
evaluated mainly for malignant tumors (30). To the best of our
knowledge, this is the first report on MCs and LVs in
inflammatory conditions of the gingiva with periodontal
disease. We found no correlation between MCD, or LMVD
with the inflammatory infiltrate, but we report a strong
positive correlation between MCD and LMVD, which
suggests an important contribution of MCs to the development
of the lymphatic vasculature. Variability of MCD around
different types of LVs, with a high density around less mature
LVs with cord-like morphology, together with MCs being
found located in close contact with the outer wall of LVs or
surrounding D2-40-positive isolated endothelial cells supports
the involvement of MCs in the early steps of inflammatory-
induced lymphangiogenesis from periodontal disease. 

In inflammatory conditions, some immune cells produce
lymphangiogenic factors that stimulate enlargement and
proliferation of LVs (31, 32). In an experimental model of
periodontal disease, Mkonyi et al. have shown that
proliferation of lymphatic endothelial cells using the
Ki67/LYVE1 double-immunostaining is an early event (13).
Our findings support this, as we found a significant increase
in the MCD in early stages of gingival inflammation. In
addition, we found a slight decrease of MCD in advanced-
stage inflammation, associated with severe degranulation.

Our findings suggest MC involvement in all stages of
periodontal disease but acting through a different mechanism
regarding development, morphology and function of LVs.
While the first stages of lymphangiogenesis in periodontal
disease seems to be governed by MCs as stimulators of
proliferation, migration and organization of lymphatic
endothelial cells in new LVs (most probably by MC secretion
of lymphangiogenic growth factors), later stages
characterized by increased inflammation exhibited high
degranulation of MCs, most probably being responsible for
increasing the permeability of newly-formed LVs for proper
drainage of inflammation-induced tissue fluid. 

Periodontal disease is associated with chronic inflammatory
infiltrate and destruction of supporting tissues of the teeth. It
has been shown that LVs of the gingiva regulate the normal
tissue fluid balance in both normal and inflammatory
conditions (14, 33). We found enlarged LVs in the gingiva of

patients with periodontal disease and this finding confirms
previous studies in inflammatory conditions (34, 35). Based on
our data, we can speculate that MCs are no longer necessary
after the massive accumulation of other inflammatory cells, and
this is supported by the slight decrease of MCD in patients with
severe inflammatory changes, the lack of morphological
association between MCs and LVs, and the lack of correlation
in this stage between these two elements. The decrease of
LMVD in this group is coincident with the marked decrease of
MCD and massive accumulation of lymphocytes, although we
found no correlation between them.

Although the immunohistochemical investigation, as
performed in the present study, is only an indirect proof of
the potential effect of MCs on lymphangiogenesis, it
suggests further investigations in experimental models are
required to demonstrate the effects of biologically-active
substances on lymphatic endothelial cells. In addition, we
believe that inflammation could represent an attractive model
for evaluating lymphangiogenesis in both clinicopathological
and experimental conditions. 

Acknowledgements

This work was supported by an internal grant from the Victor Babes
University of Medicine and Pharmacy Timisoara Romania entitled
Targeted prognostic and therapeutic value of molecular profile of
head and neck premalignant lesions and squamous cell carcinomas
/2014, Innovative Basic Research Program PIII-C1-CFI-2014/2015-
02. 

References
1 Langheinrich MC, Schellerer V, Perrakis A, Lohmuller C,

Schildberg C, Naschberger E, Sturzl M, Hohenberger W and
Croner RS: Molecular mechanisms of lymphatic metastasis in
solid tumors of the gastrointestinal tract. Int J Clin Exp Pathol
5: 614-623, 2012.

2 Raica M, Cimpean AM and Ribatti D: The role of podoplanin in
tumor progression and metastasis. Anticancer Res 28: 2997-
3006, 2008.

3 Lohela M, Saaristo A, Veikkola T and Alitalo K:
Lymphangiogenic growth factors, receptors and therapies.
Thromb Haemost 90: 167-184, 2003.

4 Liu ZY, Qiu HO, Yuan XJ, Ni YY, Sun JJ, Jing W and Fan YZ:
Suppression of lymphangiogenesis in human lymphatic endothelial
cells by simultaneously blocking VEGFC and VEGFD/VEGFR3
with norcantharidin: Int J Oncol 41: 1762-1772, 2012.

5 Stacker SA, Williams SP, Karnezis T, Shayan R, Fox SB and
Achen MG: Lymphangiogenesis and lymphatic vessel
remodelling in cancer. Nat Rev Cancer 14: 159-172, 2014.

6 Karaman S and Detmar M: Mechanisms of lymphatic metastasis.
J Clin Invest 124: 922-928, 2014.

7 Quagliata L, Klusmeier S, Cremers N, Pytowski B, Harvey A,
Pettis RJ, Thiele W and Sleeman JP: Inhibition of VEGFR3
activation in tumor-draining lymph nodes suppresses the
outgrowth of lymph node metastases in the MT-450 syngeneic
rat breast cancer model. Clin Exp Metastasis 31: 351-365, 2014.

Raica et al: Mast Cells and Lymphangiogenesis in the Gingiva of Patients with Periodontal Disease

33

Table I. Average mast cell density and lymphatic microvascular density
in normal gingiva and periodontal disease.

Inflammatory infiltrate 0 (n=12) +1 (n=15) +2 (n=16) +3 (n=8)

MCD 33.62 76.16 87.75 40.7
LMVD 15 20.66 21.75 15.1



8 Macgregor A: An experimental investigation of the lymphatic
system of the teeth and jaws: (section of odontology). Proc R
Soc Med 29: 1237-1272, 1936.

9 Bernick S and Grant DA: Lymphatic vessels of healthy and
inflamed gingiva. J Dent Res 57: 810-817, 1978.

10 Marchetti C, Poggi P, Cornaglia AI, Farina A and Rizzo S:
Morphologic characteristics of initial lymphatics of the healthy
and diseased human gingiva. Anat Rec 255: 175-179, 1999.

11 Berggreen E and Wiig H: Lymphatic function and responses in
periodontal disease. Exp Cell Res 325: 130-137, 2014.

12 Berggreen E and Wiig H. Lymphangiogenesis and lymphatic
function in periodontal disease. J Dent Res 92: 1074-1080, 2013.

13 Mkonyi LE, Bletsa A, Bolstad AI, Bakken V, Wiig H and
Berggreen E: Gingival lymphatic drainage protects against
Porphyromonas gingivalis-induced bone loss in mice. Am J
Pathol 191: 907-916, 2012.

14 Mkonyi LE, Bakken V, Sovik JB, Mauland EK, Fristad I,
Barczyk MM, Bletsa A and Berggreen E: Lymphangiogenesis is
induced during development of periodontal disease. J Dent Res
91: 71-77, 2012.

15 Ding H, Cai J, Mao M, Fang Y, Huang Z, Jia J, Li T, Xu L,
Wang J, Zhou J, Yang Q and Wang Z: Tumor-associated
macrophages induce lymphangiogenesis in cervical cancer via
interaction with tumor cells. APMIS. doi: 10.1111/apm.12257,
2014. 

16 Riabov V, Gudima A, Wang N, Mickley A, Orekhov A and
Kzhyshkowska J: Role of tumor-associated macrophages in
tumor angiogenesis and lymphangiogenesis. Front Physiol 5: 75.
eCollection, 2014.

17 Berggreen E, Haug SR, Mkonyi LE and Bletsa A:
Characterization of the dental lymphatic system and
identification of cells immunopositive to specific lymphatic
markers. Eur J Oral Sci 117: 34-42, 2009.

18 Shaik-Dasthagirisaheb YB, Varvara G, Murmura G, Saggini A,
Potalivo G, Caraffa A, Antinolfi P, Tete' S, Tripodi D, Conti F,
Cianchetti E, Toniato E, Rosati M, Conti P, Speranza L,
Pantalone A, Saggini R, Theoharides TC and Pandolfi F: Vascular
endothelial growth factor (VEGF), mast cells and inflammation.
Int J Immunopathol Pharmacol 26: 327-335, 2013.

19 Liang K, Jiang Z, Zhao B, Shen J, Huang D and Tao L: The
expression of vascular endothelial growth factor in mast cells
promotes the neovascularisation of human pterygia. Br J
Ophthalmol 96:1246-1251, 2012.

20 Syväranta S, Helske S, Laine M, Lappalainen J, Kupari M,
Mäyränpää MI, Lindstedt KA and Kovanen PT: Vascular
endothelial growth factor-secreting mast cells and myofibroblasts:
a novel self-perpetuating angiogenic pathway in aortic valve
stenosis. Arterioscler Thromb Vasc Biol 30: 1220-1227, 2010.

21 Huang S, Lu F, Li J, Lan T, Huang B, Yin X and Jin H:
Quantification of tryptase-TIM-3 double-positive mast cells in
human chronic periodontitis. Arch Oral Biol 59: 654-661, 2014.

22 Batista AC, Rodini CO, Lara VS: Quantification of mast cells in
different stages of human periodontal disease. Oral Dis 11: 249-
254, 2005.

23 Gemmell E, Carter CL and Seymour GJ: Mast cells in human
periodontal disease. J Dent Res 83: 384-387, 2004.

24 Steinsvoll S, Helgeland K and Schenck K: Mast cells–A role in
periodontal diseases? J Clin Periodontol 31: 413-419, 2004.

25 Reddy DS, Sivapathasundharam B, Saraswathi TR and SriRam
G: Evaluation of mast cells, eosinophils, blood capillaries in oral
lichen planus and oral lichenoid mucositis. Indian J Dent Res
23: 695-696, 2012.

26 Meyer J, Gorbach AM, Liu WM, Medic N, Young M, Nelson C,
Arceo S, Desai A, Metcalfe DD and Komarow HD: Mast cell
dependent vascular changes associated with an acute response to
cold immersion in primary contact urticaria. PLoS One 8:
e56773, 2013.

27 Raica M and Cimpean AM: Platelet-derived growth factor
(PDGF)/PDGF receptors (PDGFR) axis as target for antitumor
and antiangiogenic therapy: Pharmaceuticals 3: 572-599, 2010.

28 Marchetti C and Poggi P: Lymphatic vessels in the oral cavity:
different structures for the same function. Microsc Res Tech 56:
42-49, 2002.

29 Matsumoto Y, Zhang B and Kato S: Lymphatic networks in the
periodontal tissue and dental pulp as revealed by histochemical
study: Microsc Res Tech 56: 50-59, 2002.

30 Raica M, Cimpean AM, Ceausu R, Ribatti D and Gaje P: Interplay
between mast cells and lymphatic vessels in different molecular
types of breast cancer. Anticancer Res 33: 957-963, 2013.

31 Baluk P, Tammela T, Ator E, Lyubynska N, Achen MG and Hiclin
DJ: Pathogenesis of persistent lymphatic vessel hyperplasia in
chronic airway inflammation. J Clin Invest 115: 247-257, 2005.

32 Alitalo K, Tammela T and Petrova TV: Lymphangiogenesis in
development and human disease. Nature 438: 946-953, 2005.

33 Mkonyi LE, Bletsa A, Fristad I, Wiig H and Berggreen E:
Importance of lymph vessels in the transcapillary fluid balance
in the gingiva studied in a transgenic mouse model. Am J
Physiol Heart Circ Physiol 299: H275-H283, 2010. 

34 Paavonen K, Pulolakkainen P, Kussila L, Jahkola T and Alitalo
K: Vascular endothelial growth factor receptor-3 in lymphangio-
genesis in wound healing. Am J Pathol 156: 1499-1504, 2000.

35 Ando Y, Murai O, Kuwajima Y, Furukawa S, Sasaki D, Okawa Y,
Yaegashi T, Miura H and Fujimura A: Lymphatic architecture of
the human gingival interdental papilla. Lymphology 44: 146-154,
2011.

Received September 17, 2014
Revised October 16, 2014

Accepted October 22, 2014

in vivo 29: 29-34 (2015)

34


