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Introduction 
In recent years, the number of patients who suf-

fer from difficult-to-heal wounds such as surgical 
wounds, extensive burns and diabetic ulcers has been 
increased (1). During the process of wound healing, 
dressings are often used for tissue repair of dermis 
and epidermis (2). Over the years, the wound dress-
ings have been developed from animal fat, honey 

and plant herbs to tissue-engineered scaffolds (3, 4). 
There are two main types of wound dressings includ-
ing traditional wound dressings (gauzes, plasters, 
lint and cotton wool), and modern wound dressings 
(foams, films, hydrogels, bioactive dressings and hy-
drocolloids) (3, 5, 6). In general, these dressings are 
derived from natural tissues or artificial sources such 
as collagen (7), glycosaminoglycans (8), chitosan (9), 
curcumin-loaded poly (lactic-co-glycolic) acid nano-
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Background and Objective: In recent years, due to increasing number of patients 
with non-healing skin ulcers, skin substitutes have been used. Skin substitutes contain 
living cells causing faster and more effective wound healing. Therefore, research on 
the use of autologous and allogeneic cells such as fibroblasts in skin substitutes has 
attracted attentions. However, there are discrepancies in the immune responses to allo-
geneic fibroblasts. Therefore, we aimed to review the immune responses to allogeneic 
fibroblasts.

Methods: Donor fibroblasts were isolated from the skin of three rats. Nine recipient 
rats which were subcutaneously injected with three different regimens, were divided 
into three groups: Group 1; phosphate buffered saline (PBS) without cells (control), 
group 2: allogeneic fibroblasts of one animal source suspended in phosphate buffered 
saline, and group 3; phosphate buffered saline containing mixed allogeneic fibroblasts 
of three animal sources. The skin samples were biopsied at 1, 3 and 7 days after injec-
tion and studied histopathologically. 

Results and Conclusion: No signs of redness and edema were observed in the in-
jection sites. In pathology examination, changes such as vasculitis, eosinophils and 
lymphocytes accumulation around fibroblasts, fibroblast apoptosis and transplant re-
jection at the injection site were not observed in either group.

Subcutaneous injection of allogeneic fibroblasts in rats can be introduced as a prom-
ising approach for wound healing as they do not stimulate the immune system.
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fiber  etc. (10). Tissue-engineered skin substitutes 
have recently been developed (5, 11, 12).

The first living bilayered skin substitute was created 
by Bell et al. (13). Then attempts began to produce 
new skin substitutes to help healing wounds, and 
eventually, faster skin regeneration (14). Many re-
searchers believe that wound healing with skin sub-
stitutes containing living cells is faster and supreme 
and takes less fibrosis (15). In this way, cultured au-
tologous epidermal cells have been used for more 
than two decades for the treatment of extensive burns 
(16). Although this technique accelerates wound heal-
ing in the patients with extensive burns, it faces some 
challenges including the creation of second wound for 
cell separation, long-term proliferation of patient cells 
and the absence of dermal components. To overcome 
these obstacles, the use of skin cells like fibroblasts is 
getting more popular (1, 17). Fibroblasts in skin sub-
stitutes play a role in producing extracellular matrix 
(ECM) and growth factors, which provide a suitable 
environment for epidermis formation and wound heal-
ing (18, 19). However, these cells induce chemokine 
production that can cause activation and recruitment 
of neutrophils into the damaged area, which eventu-
ally exacerbates wound infection. These events also 
accelerate the keratinocyte migration into the wound 
and re-epithelialization of the wound (20). Even 
though the use of fibroblasts is significantly contrib-
uted to dermis formation but as previously mentioned, 
challenges of cultured autologous cells are still the 
major barriers to the widespread use of these cells 
(1). Therefore, the researchers have studied the use 
of allogeneic fibroblasts (14). Transplantation of al-
logeneic cells causes some problems such as immune 
response of recipient, transplant rejection, viral infec-
tion etc. The reaction and its severity depend on vari-
ous factors such as the number of transplanted cells, 
its immunophenotypes structure, transplantation site 
and the species. There are also conflicting reports on 
the immune system responses against fibroblasts. The 
aim of this study was to assess the effect of allogeneic 
fibroblasts on the immune responses in rats.

Materials and Methods
Culture and proliferation of rat dermal fibro-

blasts

Three Wistar male rats weighing 160-200 g were 
used as donors for fibroblasts isolation and culture. 
This study was approved by the Ethics Committee 
of Kerman University of Medical Sciences, Ker-
man. Animals were given intraperitoneal injections of 
Ketamine (100 mg/kg) and Xylazine (10 mg/kg) and 
anesthetized. Back of the rats was shaved and the skin 
was disinfected by Povidone-iodine and 75% alcohol 
solution. Then, a sterile biopsy punch (3 mm) was 
taken from each animal and washed three times with 
PBS containing antibiotics. The epidermis was sepa-
rated from the dermis. The dermis was divided into 
pieces smaller than 1 mm and incubated with collage-
nase type II enzyme for 30 min at 37°C in 5% CO2. 
Digested skin patches were individually cultured in 
60 mm sterile plate containing MEM-ɑ medium, 20% 
FBS, 100 U/ml penicillin and 100 µg/ml streptomy-
cin. The medium was routinely changed every 3 days. 
After a week, spindle-shaped fibroblasts were ob-
served by inverted microscope in radial arrangements 
surrounding the tissue. Fibroblasts which reached 
suitable confluency were sub- cultured using trypsin. 

Subcutaneous fibroblasts injection

Nine Wistar male rats weighing 200-250 g were 
used as the cell recipients. Animals were subcutane-
ously injected with fibroblasts according to the rules 
of Ethics Committee of Kerman University of Medi-
cal Sciences. The animals divided into 3 groups were 
subcutaneously injected with three different regimens 
(3 rats in each group): Group 1: PBS without cells 
(control); group 2: allogeneic fibroblasts of one ani-
mal source suspended in PBS; and group 3: PBS con-
taining mixed allogeneic fibroblasts of three animal 
sources. Cultured fibroblasts from donor rats were 
isolated by trypsin in passage three at 80% conflu-
ency and suspended in PBS. After shaving the dorsal 
skin of rats in each group, the solutions (2 × 106 cells/
ml of PBS) were injected subcutaneously. On days 1, 
3 and 7 post-injection, the appearance of injection site 
were examined for signs of swelling, redness and in-
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flammation. The skin samples were also biopsied for 
histopathological changes and comparison between 
the groups. In this study, the following pathological 
responses were assessed: immune cells accumulation, 
eosinophils accumulation, fibroblasts apoptosis and 
vasculitis.

Fluorescent staining for cell tracking

The fluorescent tracking dye [Cell TrackerTM CM-
Dil (C7000)] was used to label and track the injected 
fibroblasts. Stock solution was prepared in dimethyl 
sulfoxide at 1–2 mg/ml.  The working solution (1 
µM) was prepared from stock solution diluted with 
Dulbeccoʼs phosphate-buffered saline (DPBS) imme-
diately before labeling. Then, 5 µl of labeling solution 
was added to 1 ml medium and incubated for 5 min 
at 37°C, and then for 15 min at 4°C. Afterwards, the 
cells were washed with PBS and resuspended in fresh 
medium.

Immunocytochemical staining

The isolated cells were cultured on the slide for 24 
hr. Then, the slide was fixed with acetone-methanol 
and placed in the microwave oven into the buffer 
(pH=9) for 10 min. After cooling at room temperature 
and washing with Tris-Borate-EDTA (TBE) buffer, 
the hydrogen peroxide was shed on the slide. Follow-
ing 5 min incubation and washing, 100 µl Vimentin 
was shed on the slide and it was placed in the mois-
ture for 1 hr. Then, secondary antibody was added 
and the slide was washed after 30 min and diamino 
peroxidase (chromogenic) was added. Then, the slide 
was rinsed with tap water. For nuclear staining, He-
matoxylin color was used. The slide was dehydrated 
in ascending grades of alcohol, cleared in xylene then 
mounted.

Histopathological assessment

The skin samples were biopsied at 1, 3 and 7 days 
after injection. The samples were fixed in 10% forma-
lin for 24 hr, and dehydrated through rising alcohol 
grades, cleared in xylene and soaked in paraffin. Tis-
sue sections (3 µm) were made from paraffin blocks. 
Then, the sections were stained for histopathological 
evaluation using Hematoxylin and Eosin (H&E).

Results & Discussion
Spindle-shaped fibroblasts isolated from the skin of 

donor rats were monitored in the primary cell culture 
by inverted microscope. Fibroblasts surrounded the 
nutrient tissue radially (Figure 1). Vimentin-stained 
fibroblasts were observed in brown color (Figure 2).

A skin tissue section that was subcutaneously inject-
ed with fluorescent fibroblasts was observed by fluo-
rescent microscope. The red fluorescent fibroblasts 
were observed on black background (Figure 3). Gross 
finding of injected site showed no signs of redness 
and edema in the groups in different days.

Histopathological changes were evaluated by H&E 
staining in each group. Group 1 (control) at day one 
showed intact epidermis and stromal edema in the 
dermis. At day three, this group showed intact epider-
mis but dermal edema decreased. At day seven, scat-
tered edema and small collection of mast cells were 
observed (Figure 4; A-C).

Group 2 at day one showed hyperkeratosis of the 
epidermis. In the papilla, focal accumulation of fibro-
blasts as 5-10 cells/HPF (high power field) were ob-
served, which some of them were spindle-shaped and 
some were wrinkle-shaped cells. At day three, intact 
epidermis, more fibroblast accumulation (10-15 cells/
HPF) and lymphocytes in small numbers and scat-
tered were observed. At day seven, also intact epider-
mis and fibroblasts with lower density (<5 cells/HPF) 
were observed as a cluster. Lymphocytes were a bit 
more focally aggregated, but no transplant rejection 
was observed (Figure 4; D-F). 

Observations in group 3 at days 1, 3 and 7 after the 
injection were similar to those in group 2 and fibro-
blasts were spindle-shaped and active on day 7 (Fig-
ure 4; G-I).

In groups 2 and 3 which were injected with alloge-
neic cells, transplant rejection reactions such as vas-
culitis, eosinophils accumulation, lymphocytes accu-
lumation around fibroblasts and fibroblast apoptosis 
were not observed.
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Figure 1. Fibroblasts isolated from skin of the rats Figure 2. Vimentin-stained fibroblasts

Figure 3. Fluorescent microscope image of the red 
fluorescent fibroblasts in the section of rat skin

Figure 4. H & E stained sections on days 1 (A, D, 
G), 3 (B, E, H) and 7 (C, F, I). ). Group 1: control 

(A-C); group 2: allogeneic cells of one animal 
source (D-F); group 3: allogeneic cells of three 

animal sources (G-I). (400× magnification)

So far, treatment methods for deep dermal and full 
thickness wounds have not been satisfactory thus, 
more effective treatment strategies are needed. For 
this purpose, skin substitutes have been studied. Skin 
substitutes accelerate the wound healing process us-
ing normal repair mechanism of the body and prevent 
bacterial infections (21). Over the years, researchers 
have found that skin substitutes contain living cells 
causing faster and desirable wound healing. There-
fore, research on the use of autologous and allogeneic 
cells in the skin substitutes has begun (1, 15). Several 
studies have tested different animals including mice, 
rats, dogs and pigs.

In this study, fibroblasts were isolated from 3 do-
nor rats, cultured and suspended in PBS. Then PBS or 
allogeneic cell suspensions were subcutaneously in-
jected to the animals of three groups and the animals 
were examined over seven days. The injection sites 
showed no signs of redness and edema in the groups. 
Pathological studies showed that in groups 2 and 3, 
only a few lymphocytes were spread on the skin on 
days 3 and 7 and did not aggregate around fibroblasts 
compared with those in group 1. Also no significant 
signs of immune response and transplant rejection re-
actions were observed.

In allogeneic fibroblast groups, eosinophils accumu-
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lation in the injection site, lymphocytes aggregation 
around fibroblasts, fibroblast apoptosis and immune 
response such as vasculitis were not observed (2, 3). 
In this regard, Revi et al. used co-culture of allogeneic 
keratinocytes and fibroblasts on chitosan scaffold for 
wound healing in rabbits. The results showed better 
healing and less scar formation, therefore, this thera-
peutic graft was suggested to be useful for healing of 
wounds such as burns where dermis layer is totally 
destroyed (22). It was also revealed that these cells 
did not cause inflammatory reactions and transplant 
rejection, which is consistent with the results of this 
study. Reagan et al. compared acellular and cellular 
allogeneic skin grafts. They found out that cellular al-
logeneic graft induced severe inflammatory response 
which was likely against epithelial follicular elements 
rather than fibroblasts or extracellular matrix. How-
ever, no transplant rejection reaction was observed, 
which worsened the cosmetic results (23). Although 
this study was conducted on different animals, no im-
mune response against allogeneic fibroblasts and no 
transplant rejection reaction were observed, which 
is consistent with the results of the current study. In 
previous studies, autologous fibroblasts have also 
been used. Mahmoodi Rad et al. used autologous co-
culture of keratinocytes and fibroblasts on collagen 
scaffold for wound healing in rats. The results showed 
improved wound healing in the experimental group 
compared to that in the control group. Lack of trans-
plant rejection reaction and no risk of infection were 
mentioned for using autologous cells (24). Because of 
the discrepancies in the use of autologous and alloge-
neic cells, the authors of this study decided to review 
the immune response to allogeneic fibroblasts. In this 
regard, Evert et al. studied induction of inflammation 
and scar formation by autologous and allogeneic fi-
broblasts in skin substitutes using a porcine wound 
model. They used autologous fibroblasts for control 
group, and allogeneic fibroblasts isolated from the 
skin of three donor pigs with two different (high and 
low) genetic similarities with the recipient pig for 
allogeneic groups. The results showed that alloge-
neic fibroblasts were recognized by lymphocytes and 
stimulated the immune response in allogeneic groups, 

whereas no immune response in the control group 
was observed. However, the immune response to allo-
geneic fibroblasts was variable. The highest response 
was against allogeneic fibroblasts with low genetic 
similarity with recipient, and the least reaction was 
against allogeneic fibroblasts with high genetic simi-
larity with recipient (14), which is inconsistent with 
the results of this study. This study was conducted on 
pigs and differences in the immune system of differ-
ent animals may have yielded different results. Also, 
the skin graft may be another factor stimulating the 
immune system. For this reason, we injected fibro-
blasts subcutaneously to counteract other factors that 
may stimulate the immune system. Also, in this study, 
three different pigs were used for fibroblasts isolation 
to measure the effect of genetic similarity on the ac-
tivity of the immune system. In this study, the highest 
reactions were observed in recipient pigs with low ge-
netic similarity that it could explain the discrepancies 
between the results. For more antigenic challenge of 
the rat immune system, we used fibroblasts derived 
from three animal sources of the same breed. How-
ever, no significant differences were reported in the 
immune response between groups 2 and 3. Thus, it 
can be concluded that subcutaneous injection of allo-
geneic fibroblasts does not stimulate the immune sys-
tem response and transplant rejection significantly.

Our findings showed no signs of allogeneic fibro-
blasts rejection in rats. Therefore, it seems that allo-
geneic fibroblasts can be used for wound healing es-
pecially in cases where there is no possibility of using 
autologous fibroblasts. Such wounds are burn wounds 
where autologous cells are difficult to culture, and/or 
diabetic ulcers where creation of another wound is a 
complicated phase.

Conclusion
According to this study, allogeneic fibroblasts do not 

stimulate immune responses and transplant rejection 
in rats. It seems that these cells can be used to help 
wound healing, particularly in cases such as diabetic 
ulcers and burns.
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