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In vivo experimental model
of human gingival mucosa
using immunodeficient mice

Tsukinoki K, Miyoshi Y, Aoki T, Karakida K, Ohta Y, Kaneko A, Ueyama Y,
Watanabe Y. In vivo experimental model of human gingival mucosa using immu-
nodeficient mice. J Periodont Res 2007; 42: 294-299. © 2007 The Authors.
Journal compilation © 2007 Blackwell Munksgaard

Background and Objective: To establish an in vivo experimental model for exam-
ining human periodontal tissue, the present study examined several transplant
techniques that maintain the structure and characteristics of human gingival
mucosa.

Material and Methods: Human oral mucosal tissue samples were collected from
the gingiva (n = 11), palate (n = 1), and tongue (n = 3). These mucosal grafts
were transplanted onto BALB/c nu/scid mice with double-mutant immunodefi-
ciency. Murine skin, twice the size of the graft, was cut open in an ‘J ’-shape.
Next, the connective tissue side of the graft was placed onto the murine connective
tissue. Immunohistochemical analysis was also performed, using polyclonal rabbit
antibody to involucrin, monoclonal antibody to vimentin, monoclonal antibody to
CD34, and monoclonal antibody to Ki-67, to determine whether the character-
istics of human oral mucosa were maintained.

Results: When the connective tissue side of the graft was placed on the murine
fascial membrane, the histological structure of the graft was maintained for 60 d.
These grafts were examined for human characteristics using human-specific anti-
bodies. Immunohistochemically, the expression patterns of involucrin, vimentin,
and Ki-67 indicated that transplanted mucosa revealed normal human charac-
teristics, including differentiation and proliferation up to 80 d. CD34 was not
detected in the graft endothelial cells.

Conclusion: The present study revealed that the novel technique of transplanta-
tion of human gingival mucosa in nu/scid mice may serve as an in vivo experimental
model of periodontal disease.
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Animal models of dogs and rodents or
culture cells have contributed to the
generation of new knowledge in bio-
logical sciences, including perio-
dontology. Periodontitis has been
induced by placing a bacterial plaque-
retentive silk ligature in the gingival
sulcus around the molar teeth of
rodents (1). In addition, alveolar bone
loss has been induced by injection of
Porphyromonas gingivalis (2). While
animal models have provided a large

range of data, it is sometimes difficult
to determine whether the findings are
applicable to humans. Although
human culture cells were found to be
excellent models for reconstructing
human characteristics, information
about the host response was not
prominent (3). Recently, it has been
considered that because individuals are
not equally susceptible to the destruc-
tive effects of periodontal infections,
periodontal disease not only may be

caused by bacterial infection but also
may be associated with host suscepti-
bility (4,5). Variability in host
responses among individuals contri-
butes significantly to the expression of
periodontal diseases (5). Thus, research
into the host response in humans is
considered to be important in the
analysis of periodontal disease. How-
ever, an in vivo experimental model
using human gingival tissue has not yet
been developed.



Immunodeficient mice have been
developed to accept the transplanta-
tion of human tissues, and such ani-
mals, so-called ‘hu-mice’, have been
widely used as human in vivo experi-
mental models (6,7). As immunodefi-
cient mice, nude mice and scid mice are
most often used. Nude mice lack B
cells and have compromised cellular
immunity (8), whereas scid mice lack T
and B cells and have severe immuno-
deficiency  without cellular and
humoral immunity (9,10). However,
the amount of serum immunoglobulin
increases with aging, which is referred
to as the ‘leaky phenomenon’ (11). The
nu/scid mice used in the present study
are a cross between nude and scid mice
(8) and do not exhibit the leaky phe-
nomenon (8). In other words, their
condition of severe immunodeficiency
is maintained for long periods of time
(8). In the transplantation of human
skin tissue, nu/scid mice are more
suitable than nude or scid mice because
the rejection rate for human skin grafts
is small (12). Therefore, nu/scid mice
may be better suited for transplanting
mucosal grafts compared with other
immunodeficient mice.

Studies using the transplantation of
human skin tissue onto the skin of nu/
scid mice have been conducted to
investigate the carcinogenesis of
human skin using carcinogens (13), the
carcinogenesis of transplanted precan-
cerous skin lesions (14), and the ana-
lysis of psoriatic lesions (15). Because
the results obtained in immunodefi-
cient models with transplanted human
tissue more accurately reflect the reac-
tions in the human body, they are
suitable for drug development and
other clinical applications. For exam-
ple, the reactivity of human lympho-
cytes stimulated by bacteria has been
investigated wusing scid mice (16).
However, little research using immuno-
deficient mice has been conducted in
the analysis of periodontal disease. In a
study of mucosa, Holmstrup et al. (17)
transplanted oral mucosal tissue onto a
subcutaneous layer of the nude mice.
Their methods were flawed for the
following reasons: (i) no human char-
acteristic was examined and (ii) after
the transplantation of oral mucosa
onto mice, the graft tissue is greatly
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changed morphologically. Therefore, it
is necessary to develop a transplanta-
tion method that can maintain the
structure and characteristics of human
gingival tissue.

To establish an in vivo experimental
model of human gingival tissues, the
present study examined several trans-
plantation techniques that maintain the
structure and characteristics of human
gingival tissue using nu/scid mice.

Material and methods

Animals

Eight-week-old male BALB/c nu/scid
mice of double-mutant immunodefi-
ciency were obtained from the Central
Institute for Experimental Animals (8).
Mice were kept in an isolator and had
free access to autoclaved food and
boiled water.

Human tissue

Healthy oral mucosal tissue samples
from 15 consenting individuals (10 men
and five women) were obtained
between 1997 and 1998 at the Depart-
ment of Oral Surgery, Tokai Univer-
sity, given with informed consent.
These individuals had an average age
of 54 years. Keratinized mucosal tissue
was collected from the gingiva (n =
11), palate (n = 1), and tongue (n = 3).
Each sample was divided into two
sections. One section was transplanted
and the other section was used for
histopathological analysis.

Transplantation methods

After dividing each mucosal sample
into two, the graft
promptly rinsed with water and then
stored in gauze soaked in physiological
saline containing antibiotics. The graft
ranged from S5x4mm to
10 x 5 mm. After each mouse was
anesthetized with Nembutal, the skin
was sterilized with alcohol. The entire
transplantation procedure was carried
out on a clean bench. The grafts were
transplanted using one of the following
three methods (shown in Fig. 1).

Direct transplantation onto murine skin
(method 1) —Murine skin was cut to

section was
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Fig. 1. Schematic diagrams for the three
transplantation methods. (A) Method 1. (B)
Method II. (C) Method III. 1. Murine epi-
thelial tissue. 2. Murine subepithelial tissue.
3. Human oral mucosal epithelial tissue. 4.
Human oral mucosal subepithelial con-
nective tissue.

match the size of the graft and the graft
was sutured onto the murine skin in
two places. Tegaderm® dressing (3M
Health, Tokyo, Japan) was used to
cover the surgical area.

Subcutaneous transplantation (methods
II and ITI) —Murine skin, twice the
size of the graft, was cut open in an
‘1’-shape (formation of a flap). Next,
the graft was placed onto the murine
subepithelial tissue and sutured onto
the murine skin in two places. In
method II, the epithelial side of the
graft was placed onto the murine con-
nective tissue, and in method III, the
connective tissue side of the graft was
placed onto the murine connective tis-
sue. Finally, the flap was returned to its
original position and sutured. The
surgical wound was sterilized and then
covered with a Tegaderm® dressing.
Method I was employed in two mice
(one gingiva and one tongue), method
IT in three mice (two gingiva and one
tongue), and method III in 10 mice
(eight gingiva, one palate, and one
tongue). In method I, the transplanted
graft was analyzed after 30 d in both
mice. In method II, the transplanted
graft was analyzed after 30 d in two
mice (two gingiva) and after 80 d in
one mouse (one tongue). In method
III, the transplanted graft was
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analyzed after 30 d in one mouse (one
gingiva), after 60 d in three mice (three
gingiva), after 70 d in three mice (two
gingiva and one tongue), and after 80 d
in three mice (two gingiva and one
palate).

The experimental protocol used in
this study was reviewed and approved
by the Committee of Ethics on Animal
Experiments of Kanagawa Dental
College and was carried out in adher-
ence with the Guidelines for Animal
Experimentation of Kanagawa Dental
College.

Histological and
immunohistochemical analysis

Each oral mucosal graft was fixed in
4% paraformaldehyde for 24 h for
histological analysis, after which they
embedded in paraffin  wax.
Hematoxylin and eosin staining was
performed.

Furthermore, immunohistochemical
analysis was performed using a Histo-
fine® staining kit (Nichirei, Tokyo,
Japan), according to the instruction
manual. All primary antibodies recog-
nized human-specific markers. Sections
were incubated with polyclonal rabbit
antibody to involucrin (1 : 100; Har-
bor Bio-Products, Norwood, MA,
USA), monoclonal antihuman vimen-
tin (V9; Nichirei), monoclonal anti-
human CD34 (NU-4A1; Nichirei), or
monoclonal antihuman Ki-67 (MIB-1,
1:50; DAKO, Glostrup, Denmark)
for 1 h at room temperature. As a
negative control, phosphate-buffered
saline was used instead of primary
antibody.

were

Results

Method 1 was employed to transplant
grafts onto two mice. In both cases, the
graft was reduced in size and appeared
dry to the naked eye (Fig. 2A). In
addition, as a result of shrinkage, the
mucosal graft became detached from
the murine skin in some areas (arrow).
Histological analysis showed marked
infiltration of inflammatory cells,
mostly consisting of neutrophils.
Where the human oral mucosal graft
was transplanted, keratin plugs had
formed (Fig. 2B, +). The graft from

Fig. 2. Method 1. (A) Macroscopic image
of the oral mucosal graft. The graft has
shrunk in size and is dry. The human oral
mucosal graft is also detached from the
murine skin (arrow). (B) Histological ima-
ges of the graft. The arrow indicates the
transition between murine skin (left) and
human oral mucosa (right). Inflammatory
cell infiltration is seen in the subepithelial
connective tissue. Keratin plugs are seen in
the outside of the gingival epithelium of the
graft (+) (hematoxylin and eosin stain;
bar, 200 pum).

the tongue mucosa showed marked
keratinization (data not shown). Fur-
thermore, the human oral mucosal
tissue was continuous with the murine
skin, and involucrin was only detected
in the epithelial tissue of human oral
mucosa (data not shown). These find-
ings show that while human oral
mucosal tissue can be transplanted onto
murine skin, the structure of human
oral mucosa cannot be maintained.
Method II was employed to trans-
plant grafts onto three mice. At 30 d
after transplantation, several cysts had
formed in the mouse subepithelial
connective tissue (Fig. 3A). Around

Fig. 3. Method II. (A) Pathological image
of the graft (30 d after transplantation).
Keratocysts are seen in murine subepithelial

tissue (hematoxylin and eosin stain;
bar, 250 um). (B) Pathological image of the
graft (80 d after transplantation). Shrunken
cysts with scarring are observed (hematox-

ylin and eosin stain; bar, 200 pm).

the cysts, mild neutrophil infiltration
was confirmed (Fig. 3A). Marked
keratinization of cystic wall epithelia
was confirmed, including in the case of
the tongue tissue (data not shown). At
80 d after transplantation, cystic wall
epithelial degeneration and cystic wall
destruction were confirmed (Fig. 3B).
Furthermore, interstitial scarring was
observed around the cysts. Therefore,
with method II, grafts underwent cystic
transformation and cysts tended to
disappear after 80 d.

Method III was employed to trans-
plant grafts onto 10 mice. After 30 d,
the grafts had maintained the structure
observed before transplantation (data
not shown). This condition was main-
tained well for up to 60 d (Fig. 4B).
Epithelial tissue exhibited no abnormal
keratinization, cellular morphology or
structure, and the epithelial structure
after transplantation was the same as
that before transplantation (Fig. 4-
A,B). Subepithelial connective tissue
showed no abnormalities in the align-
ment and thickness of collagen fibers,
and the structure of subepithelial con-
nective tissue after transplantation was
the same as that before transplanta-
tion. Furthermore, the graft diameter
remained approximately the same after
transplantation. However, the grafts
underwent complete cystic transfor-
mation within 70-80 d (data not
shown). Involucrin was detected in the
spinal layer, but not in the basal layer,
in the epithelial tissue of the grafts at
60 d (Fig. 4C). Expression of vimentin
was detected in fibroblasts of the sub-
epithelial connective tissue (Fig. 4D).
MIB-1-positive cells were seen in the
basal and parabasal layers (Fig. 4E).
No apparent expression of CD34 was
observed in the human endothelial cells
(Fig. 4F, arrow). These expression
patterns were also observed in trans-
planted epithelial tissue of the cyst wall
at 70 and 80 d. In addition, these
immunohistochemical profiles were
consistent with expression patterns in
the original oral mucosa before trans-
plantation, except for that of CD34.
These findings clarify that, with meth-
od III, the histological structure of the
grafts was maintained for up to 60 d.
Grafts underwent cystic transforma-
tion after 70 d and cystic formation
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Fig. 4. Method III. (A) Pathological image of the original gingival mucosa before trans-
plantation. No histological abnormalities are seen in the gingival mucosal tissue (bar, 30 pm).
(B) Pathological image of the graft 60 d after transplantation.The histological features of the
graft are the same as those of the original mucosa (bar, 500 pm). (C) Immunostaining for
involucrin. Positive reaction for involucrin is detected in the spinal layer of squamous epi-
thelium (bar, 50 um). (D) Immunostaining for vimentin. Expression of vimentin is observed
in the spindle-shaped cells of subepithelial connective tissue (bar, 30 um). (E) Localization of
MIB-1-positive cells. MIB-1-positive cells are seen in the basal and parabasal layers of graft
epithelium (bar, 30 pm). (F) Immunostaining for CD34. No apparent expression of CD34 is

noted in endothelial cells (arrows, bar, 30 pm).

was complete in 80 d. Immunohisto-
chemical analysis showed that the hu-
man characteristics of the grafts were
maintained even after 80 d, although
normal gingival structure was not
maintained.

Discussion

In method I, the graft was sutured di-
rectly to the mouse skin. As a result,
the surface of the grafts appeared
remarkably dry and reduced. In addi-
tion, the grafts were infected in all
cases. Because the characteristics of the
oral mucosa and the skin are greatly
different regarding the type of keratin
protein, the skin is stronger when dry
(18). Human skin has been reported to
be successfully transplanted onto the
skin of nu/scid mice (12,19). However,
this transplantation method was
unsuitable for transplanting the oral
mucosa. Therefore, because a moist

condition was necessary for trans-
planting the oral mucosa, we trans-
planted oral mucosa into the mouse
subcutaneous layer.

In method II, because it was known
from previous reports (17,20) that oral
mucosa inserted into the mice sub-
epithelial layer formed epithelial cysts,
the epithelial side of the grafts was
sutured onto the murine fascial mem-
brane. However, all grafts showed
numerous cysts after 30 d. Because
epithelial rupture causes epithelial
fragmentation, which leads to cystic
transformation, numerous cysts may
form in the murine subepithelial con-
nective tissue. This epithelial rupture is
probably caused by the infiltration of
murine subepithelial connective tissue
cells into the transplanted epithelia.
Therefore, it was clear that method 11
did not preserve the normal structure
of gingival mucosa. Holmstrup et al.
(17) inserted a filter to eliminate the
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effects of subepithelial connective tis-
sue in the transplantation of oral
mucosa. However, insertion of a for-
eign material could have increased
the risk of infection and damaged the
grafts. We decided not to adopt the
filter insert method, although excluding
the influence of subepithelial connect-
ive tissue was significant in determining
the success of transplantation.

Although with methods I and II oral
mucosa could not be successfully
transplanted in the nu/scid mice, grafts
were successfully transplanted onto all
10 mice with method III. When the
connective tissue side of grafts was
sutured onto the murine fascial mem-
brane, cystic transformation was not
seen for 60 d. In addition, the histo-
logical structure, including the polarity
and keratinization of the grafts, was
well maintained after transplantation.
In other words, the best method for
maintaining the structure of the gin-
giva is to suture the connective tissue
side of the graft onto the murine fascial
membrane. However, cystic transfor-
mation was confirmed after about 70 d
and was complete in 80 d. Therefore,
to maintain the structure of gingival
tissue for longer periods of time, grafts
need to be transplanted again after
60 d.

Reports of transplanting normal
mucosa are few, although there are
reports of attempting to transplant
normal cells, such as blood cells (7,16)
or skin (14,19), into immunodeficient
mice. Holmstrup et al. (17) transplan-
ted oral mucosal tissue into immuno-
deficient nude mice. However, one
major disadvantage of their model was
that because transplanted mucosal tis-
sue underwent cystic transformation,
the oral mucosal structure could not be
maintained. In addition, because cystic
transformation of grafts sometimes
caused abnormal keratinization (17),
their transplantation technique may
have markedly altered the characteris-
tics of human epithelia. In addition,
Zhang et al. (21) transplanted human
intestinal mucosa of colon and rectum
into scid mice. Moreover, transplant
mucosa was infected by Shigella 2 wk
later, and the production of the cyto-
kine was analyzed. However, there is
doubt regarding the reliability of the
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data because it was not confirmed
whether the grafts maintained human
characteristics. Because a graft origin-
ating from a human may be converted
to have mouse characteristics, whether
grafts maintain their normal human
characteristics inside mice was deter-
mined immunohistochemically in this
study. When human-specific antibodies
were reacted with epithelial and sub-
epithelial connective tissues, positive
reactions were seen in both tissues
60 d after transplantation. Involucrin,
an epithelial structural protein of
120 kDa, is associated with differenti-
ation and maturation (22-24). Invol-
crin is observed, to a limited extent, in
the upper part of the epithelium and is
not detected in the basal layer by im-
munohistochemistry. Moreover, spe-
cies specificity is high in the anti-
involucrin immunoglobulin compared
with the broad-spectrum antikeratin
immunoglobulin. Involucrin is useful
as a differentiation marker, indicating
the polarity of squamous epithelium for
humans. Expression of involucrin was
observed in the spinal layer, but not in
the basal layer in the epithelium of the
graft. On the other hand, the expression
of Ki-67 (as a proliferation marker)
(25) was located in the basal and
parabasal cell layers. Because normal
differentiation and proliferation in the
squamous epithelium of the graft was
evident, it was suggested that the squ-
amous epithelium of the graft retained
human characteristics rather than
mouse characteristics. Next, expression
of vimentin was limited to spindle cells
of the subepithelial layer. Vimentin, of
58 kDa, is an intermediate filament
widely distributed as a cytoskeleton of
nonepithelial cells (26,27). It is com-
monly used as a marker for nonepit-
helial cells. In method III, the mouse
connective tissue and the human con-
nective tissue were touching. In addi-
tion, vimentin is the most primitive
intermediate filament (26,27). These
facts suggest the possibility that a
human organization may be converted
in the mouse organization. However,
human vimentin was detected only in
the spindle-type cells of subepithelial
connective tissue. It was suggested
that subepithelial spindle-type cells of
the graft preserved human characteris-

tics rather than the characteristics
of mice. Finally, antihuman CD34
immunoglobulin specifically detects
expression in the endothelial cells.
However, endothelial cells in the hu-
man area did not react with CD34 hu-
man-specific antibody (28). Because
blood vessels were not sutured at the
transplantation, the life of the graft was
dependent on tissue fluid reflux (29).
Several days are required for revascu-
larization. Therefore, capillary vessels
inside the graft may be formed by an-
giogenesis of mouse cells. From these
immunohistochemical profiles, it was
suggested that epithelium and subepit-
helial connective tissue, except for
capillary vessels, retained human char-
acteristics rather than mouse charac-
teristics in the grafts of gingival tissue.
Because growth and differentiation of
epithelial tissues are dependent on
epithelial-mesenchymal  interactions
mediated by inflammatory cytokines
and growth factors (5,30), it is import-
ant for subepithelial connective tissue
to preserve its epithelial characteristics
(19). Connective tissue cells are more
likely to become murine cells (31), but
these graft cells maintained their
human characteristics, thus suggesting
that the present method can be used in
the analysis of epithelial-mesenchyme
interactions.

In conclusion, the present in vivo
experimental model appears to be
useful for analyzing human gingival
mucosa. We believe that this model
has various uses for examining the
association between bacterial infection
and host reaction in marginal perio-
dontitis.
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