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Abstract

Recent advancements in protocols utilizing stem cell therapies have significantly contributed to the understanding of long-

term objectives in transplantation. Over the years, considerable progress has been achieved in employing stem cells to en-

hance transplant success rates, mitigate the incidence and severity of graft rejection, modulate regulatory cell types, acceler-

ate the regeneration of damaged tissues,  and induce immune tolerance and immunosuppression. The application of mes-

enchymal stem cells (MSCs) in the field of transplantation has undoubtedly yielded positive outcomes. The primary objec-

tive of this study was to isolate and purify mesenchymal stem cells from murine models and to assess the administration of

MSCs in reducing the incidence and severity of skin allograft rejection in mice. The subjects were divided into three distinct

groups,  each  receiving  a  single  systemic  injection  of  MSCs  at  various  time  points  relative  to  the  allotransplantation  of

C57BL/6 mouse skin grafts onto Balb/C recipients. Our findings indicate that autologous MSCs can prolong the duration

until skin graft rejection occurs, with optimal results observed when MSCs are administered post-transplantation. This ef-

fect is likely attributable to the migration of MSCs to the graft site, driven by local inflammatory responses already present

in the recipient's body due to the transplantation procedure. Consequently, administering cells after transplantation appears

to yield more favorable outcomes. However, further investigation is necessary to explore the numerous variables that may in-

fluence this hypothesis. Conversely, MSCs derived from the donor can also enhance graft survival, despite being allogeneic
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to the recipient's immune system and potentially activating immune responses. Thus, mesenchymal stem cells, whether syn-

geneic to the host or allogeneic to the donor, are effective in prolonging graft survival; however, a single dosage is insuffi-

cient to induce specific immune tolerance.

Keywords: Mesenchymal Stem Cells (MSCs), Allograft, Immune Tolerance, Systemic Injection, Allogenic Source, Autolo-

gous Cells.

Introduction

Organ transplantation is often the only viable treat-

ment  for  end-stage organ failure.  The primary objective  of

this procedure is to enhance the quality of life and survival

rates  for  patients  suffering from various  critical  conditions

affecting the kidneys, liver, heart, and other organs. Howev-

er, alongside the growing demand for transplant candidates

and the limited availability of transplantable organs, a signif-

icant challenge remains: preventing the rejection of the tran-

splanted tissue or organ. The principal barrier to a success-

ful  transplant  is  all  immunity,  which refers  to  the immune

response of  the transplant  recipient  against  the foreign tis-

sue. The immune system's primary function is to safeguard

the  body  from  potentially  harmful  substances.  It  identifies

these substances as foreign and initiates a response to elimi-

nate  them.  This  immune  response  also  occurs  when  the

transplanted tissue or organ is introduced into the body, as

the immune system recognizes the cells from a different in-

dividual as foreign and a potential threat. Consequently, the

immune system's reaction to the transplant can lead to its re-

jection.  Currently,  the  predominant  strategy  for  managing

immune responses and overcoming the recipient's immune

barrier involves the use of immunosuppressive drugs to sup-

press  the  immune  system.  The  use  of  these  drugs,  due  to

their non-specificity and low specificity, results in a general

weakening of the patient's immune system and an increased

risk  of  developing  various  diseases,  such  as  infections  and

malignant cancers. Currently, inducing tolerance in the pa-

tient's  body  to  foreign  transplant  tissue  and enhancing  the

patient's  specific  tolerance  to  donor  cells  is  considered  a

promising avenue in regenerative medicine. As we have ob-

served, to function effectively and avoid rejection of geneti-

cally  different  donor  tissue,  organ  recipients  must  rely  on

non-specific  immunosuppressive  methods for  life.  This  re-

liance  can  lead  to  numerous  complications,  including  in-

creased vulnerability to infections and a heightened risk of

developing  diseases  such  as  cancer,  which  arise  from  the

compromised  activity  of  the  immune  system.  Conversely,

modulating  the  immune system or  inducing  specific  toler-

ance towards the donor, rather than suppressing it, can help

protect  the  immune  system  from  becoming  weakened

against other harmful factors. This approach allows the im-

mune system to maintain its healthy and natural functions.

Mesenchymal cells represent one of the most promising cell

populations  for  cell-based  immunotherapy  in  organ  trans-

plantation. These cells can modulate immune responses and

prevent  acute  allograft  rejection.  Currently,  immune  cell

therapy is one of the methods that has garnered significant

attention.  The question of  whether  a  patient's  own cells  or

specific  donor  cells  can  be  utilized  for  immunotherapy  or

immune system modulation, and how this process works, re-

mains  uncertain.  However,  many  believe  that  cell  therapy

has  the  potential  to  replace  traditional  drug  treatments.

Transplantation,  specifically  organ  transplantation,  is  one

of the most significant medical advancements of the last cen-

tury.  In  general,  transplantation  involves  the  transfer  of

cells,  tissues,  or  organs  from  one  part  of  a  living  being's

body or from a donor to another part of that being's body.

This procedure is performed to repair damaged tissues that

cannot heal spontaneously or to replace malfunctioning or-

gans with healthy, functional ones, thereby restoring health

or  reducing  the  disability  of  the  affected  individual.  The

transfer of organs from one person to another to save a life

or improve the quality of life is commonly referred to as or-

gan donation. An organ transplant can be performed using

the individual's  own organ, a portion of an organ or tissue

from  another  living  person,  or  from  brain-dead  or  heart-

dead donors under specific conditions and with specialized

equipment and arrangements. An organ transplant is a type

of  surgery  in  which  a  defective  or  damaged  organ  is  re-

moved and replaced with a new organ. Similarly, grafting is
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the process of excising tissue from one area and implanting

it in another area where it is needed. Reason: Improved clari-

ty,  vocabulary,  and  technical  accuracy  while  maintaining

the  original  meaning.

Figure 1: Schematic diagrams of the first and second stage transplant acceptance and rejection process

Figure 2: Properties of mesenchymal stem cells. - Figure 2 MSCs can be harvested from various tissues including fat, bone mar-

row, umbilical cord, muscle, and tooth roots. After expansion in vitro, they can be identified by several features: fibroblast-like

morphology, expression of a group of markers: Sca-1, CD105, CD73, CD29, CD90, and lack of expression of: CD31, CD34,

CD45, CD11b. In addition, MSCs have the potential to differentiate into adipocytes, chondrocytes, osteoblasts, and other cell

types.

Allograft transplantation is the most common solu-

tion  to  replace  damaged  or  dysfunctional  tissues  to  date.

However,  immunosuppression  is  one  of  the  major  issues

and problems in this process. Immunosuppression, which is

mostly  induced  by  continuous  doses  and  lifelong  use  of

non-specific immunosuppressive steroid drugs,  can lead to

the risk of various diseases. On the other hand, immune cell

therapy  as  an  alternative  method  can  reduce  this  risk  and
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create  immune modulation in  the  patient.  One of  the  cells

that has this property of modulating the immune system is

mesenchymal stem cells.

The main issue in this research is to answer ques-

tions such as:

1:  How  are  mouse  mesenchymal  stem  cells  pre-

pared?

2:  What  antibodies  are  expressed  negatively  and

positively on mouse mesenchymal cells?

3: How is a full-thickness skin allograft applied to

a mouse?

4:  What  effect  does  the  injection  and  application

of autologous or allogeneic mesenchymal stem cells have on

prolonging the time of graft rejection?

5:  Can  a  single  dose  of  2  million  mesenchymal

stem  cells  alone  delay  or  eliminate  graft  rejection?

The main goal of this study and research is to pre-

vent  acute  skin  graft  rejection  in  patients  with  various  de-

fects and burns or skin loss due to various types of accidents

or at least to postpone the time of graft rejection to reduce

the patient's  psychological  stress and start  the spontaneous

repair of the tissue. In addition, to achieve the best time to

apply cell therapy for transplantation by minimizing or elim-

inating immunosuppressive drugs and establishing the ini-

tial stages of a method for using mesenchymal stem cells in

subsequent  studies  on  transplantation  of  other  organs  are

among its other goals.

Materials and Method

A 1-6-week-old  BalbC mouse  is  killed  by  cervical

dislocation. The body is then placed in 73% alcohol, so that

all parts of the body, including the tail, are completely sub-

merged in alcohol. After two minutes, the mouse is sprayed

with alcohol and transferred to a hood. The body is placed

on the surgical table so that the abdomen of the animal is ex-

posed. An incision is made from the beginning of the hind

legs where they connect to the lower abdomen, and the skin

is opened along the legs to the ankle bone. This prevents the

animal's hair from coming into contact with the internal or-

gans,  which can cause contamination. The hind leg is  then

separated  from  the  abdomen  and  ankle  and  collected  in  a

Petri  dish  containing  PBS  and  1%  penicillin-streptomycin

antibiotic. This procedure is repeated for the other leg. The

rest  of  the  body  is  removed  from  the  hood.  The  animal's

legs are removed one by one, and the muscles and tissues at-

tached  to  them  are  gently  separated  with  scissors,  and  as

much of the bone as possible is  cleaned using sterile  gauze

and  fingertips.  After  the  knee  joint  area,  it  is  divided  into

two parts with scissors so that the femur and tibia bones re-

main intact. It is placed in a 15 mL falcon containing 5 mL

PBS  and  1%  penicillin-streptomycin  antibiotic.  The  falcon

is  completely  closed,  sprayed  with  alcohol,  sealed  with

paraffin, and transferred to the culture room for the rest of

the process. Under a culture hood that has been sterilized at

100%,  the  falcon  door  is  opened  and  the  bones  are  trans-

ferred from it to a Petri dish containing 73% alcohol. After

one  minute,  the  bones  are  removed  from  the  alcohol  and

transferred to PBS and 1% penicillin-streptomycin antibiot-

ic.

Using an insulin syringe containing approximately

1  mL  of  αMEM  culture  medium  and  antibiotics,  the  bone

marrow  is  flushed  out.  To  flush,  the  tip  of  the  syringe  is

inserted into one end of the bone and its contents are emp-

tied with pressure until the red marrow comes out the other

side and pours into the falcon. To completely remove all the

bone marrow, it is turned over and this is repeated from the

other end until the bone is completely white. This is repeat-

ed for the other femur and tibia bones and all the red mar-

row of the bones is collected into the falcon. The falcon con-

taining  the  red  marrow  is  then  centrifuged  at  363  g  for  5

minutes at room temperature. The supernatant is discarded

and the cell mass at the end of the falcon is resuspended in

the culture medium. That is, 1 ml of complete mesenchymal

cell media, which was explained in the first section, is added

to the cell  mass and the entire contents are gently pipetted

several times (several times it is drawn into the pipette and

emptied).  Then,  after  counting  using  Trypan  Blue  5  stain-

ing, which will be explained later, the entire cell suspension

is  cultured  in  a  25  ×  25  T  flask.  From  each  mouse,  about

33-136  cells  are  obtained,  a  large  number  of  which  are

blood  progenitor  cells  and  non-mesenchymal  cells.  After

several medium changes, many of them are eliminated and

only cells adhering to the plastic surface of the flask, the ma-
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jority of which are mesenchymal stem cells, remain. There-

fore, they are all seeded in a small flask. For culture in a 25

× 1-6 T flask First, bone marrow cells suspended in 2-5 ml

of the required amount of media are pipetted into the flask

and transferred to the flask. Then the Falcon is washed with

the remaining media until no cells remain in the tube. Then

the culture medium is added to the flask. The flask is closed

and transferred from the hood into the incubator with a con-

trolled  atmosphere  of  the  culture  medium,  temperature  37
oC and 1% CO2. After 3 days of the initial culture of bone

marrow cells, it is time for the first change of the culture

medium. After the first 72 hours, the adherent cells have set-

tled to the bottom of the dish and adhered to it, and the sus-

pended cells remain in the supernatant. Under the micros-

cope, the adherent cells are fixed at the bottom of the dish,

while other suspended or dead cells are moving in the medi-

um, which can be clearly seen with a slight shake of the

flask.  Following sterile  precautions,  the  flask  is  removed

from the incubator and transferred to a sterilized culture

hood. The lid is removed and the flask is placed so that all

of its medium is collected in one corner. Then, using a pipet-

tor, all of the medium is drawn from the flask into a 5-ml

pipette and discarded. Again, using a separate pipette, 5 or 6

ml of fresh culture medium is added to it. The flask lid is

tightly screwed on and examined briefly under the micros-

cope. Then it is cleaned with 73% alcohol and transferred

back into the incubator. From now on, this operation is per-

formed every three to four days until the cells cover at least

73% of the bottom of the container and reach the so-called

confluence 6. And the old medium is replaced with new nu-

trient medium.

Figure 3: 3 Views of intravenous injection of mesenchymal stem cells into mice via the tail vein

Figure 4: An illustration of how to perform cervical vertebra dislocation. When we grab the rat from behind, we quickly pull

the animal's tail back sharply. This will cause the vertebra to dislocate and the animal to die quickly.
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Figure 5: Transfer the thawed cells from the cryovial to a T75 flask. After partial thawing in a water bath, 1 ml of culture medi-

um containing FBS is added to the cells. The cells are centrifuged, the supernatant is removed, and they are suspended in 1 ml

of medium and divided between the flasks.

The host mouse is anesthetized by breathing isoflu-

rane-impregnated gas in a closed chamber. The skin surface

of the neck and lumbar region is decontaminated and depi-

lated,  similar  to  that  of  the  host.  To  expedite  the  surgical

procedure, depilation is performed before the donor skin is

harvested. Then, when the graft is removed from the donor,

the host mouse is  anesthetized using an intraperitoneal in-

jection of a pre-prepared ketamine-xylazine anesthetic solu-

tion  (133  mg per  ten  grams  of  body  weight).  The  animal's

legs and abdominal area are cleaned with alcohol, and after

sterilizing  the  surgical  area  using  Betadine  surgical  scrub

and alcohol, the animal is transferred under a surgical hood.

The animal's legs are taped to the bed using paper tape and

the animal is fixed on the surgical bed in such a way that the

animal's lumbar region is facing up. Bupivacaine or another

suitable  anesthetic  solution  is  immediately  sprayed  at  the

surgical  site.  The  animal's  eyes  are  lubricated  with  sterile

ophthalmic vitamin A or another suitable lubricant to pre-

vent dryness of the eyes,  which are open during anesthesia

and can lead to blindness in the long term. At this stage, as

with graft  removal from the donor,  in the host animal,  us-

ing The surgical site is marked on the animal's back in a cir-

cle  of  the  same  size  or,  for  better  results,  one  millimeter

smaller. This is because the animal's skin in the surgical area

stretches slightly after the incision, and the surgical site be-

comes  larger;  it  is  recommended  that  the  graft  harvesting

site  from the  donor  be  larger  than  that  of  the  host.  Before

starting  the  incision,  we  make  sure  that  the  anesthesia  is

deep and the animal is ready for surgery by pinching the ani-

mal's  toes.  If  the  animal  is  completely  unconscious,  it  will

not react to this, otherwise it will pull its leg and it is neces-

sary to wait a little for the animal to be completely uncons-

cious.  After  ensuring  that  the  anesthesia  is  deep,  the  ani-

mal's  skin  is  grasped  in  one-fold  using  forceps  and  raised.

Then, a small incision is made in the area with a blade and

bupivacaine anesthetic solution is poured dropwise into the

area and the marked area is cut with scissors. The anesthetic

drop spray is repeated after the skin is harvested at the surgi-

cal  site.  After  harvesting,  the  skin  graft  that  was  harvested

from the donor is removed from the solution and carefully

placed in the correct orientation. Once correctly positioned,

the graft is carefully sutured to the skin of the surgical site.

For best results, care should be taken to avoid as much over-

lap as possible between the host skin and the graft.

Because  the  creation  of  folds  or  the  placement  of

the skin and graft under and on top of each other prevents

proper blood supply to the graft and leads to faster tissue ne-

crosis.  Depending  on  the  need,  between  six  and  ten  inter-

rupted  single  sutures  are  applied  to  the  skin  and  graft  in
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pairs  facing  each  other  to  completely  cover  all  interstitial

seams. During suturing, to prevent the site from drying out

and to reduce the host's loss of body water, normal saline is

slowly  sprayed  dropwise  into  the  site  using  a  5  ml  syringe

without a needle. Care should be taken that excessive use of

this may cause embolism at the site. After suturing is com-

pleted, the surgical site is first covered with a small incision

of Vaseline gauze, then sterile gauze is cut to the appropri-

ate size and the animal is bandaged. Finally, the dressing is

fixed in place using an adhesive bandage. The animal is re-

moved from the hood and placed on a soft surface, such as a

clean  towel  or  gauze,  in  a  cage  until  it  has  fully  recovered

from anesthesia. A forty-watt infrared lamp is placed at the

end of the cage to warm the animal. This helps to improve

and speed up the recovery process of the animal.

Result and Discussion

In this section, the results of this study, including

the  morphological  and  phenotypic  identification  of  mes-

enchymal stem cells extracted from the bone marrow of Bal-

b/C mice, as well as the results of skin allograft transplanta-

tion with mesenchymal stem cells injected on different days

of  transplantation,  are  presented,  and  their  consistency  or

reasons  for  inconsistency  with  published  studies  by  previ-

ous researchers are examined. Research conducted on mes-

enchymal stem cells has made them suitable candidates for

delaying transplant rejection or possibly inducing tolerance

and immune tolerance.

Figure 6: Inverted light microscope image of mouse bone marrow stromal cells at different passages with magnification - Fig-

ure 4 10x, image of cells numbered one to three, respectively, on different days from primary culture to 5-cell passage. Prepared

by the author at the Jahad Daneshgahi Breast Cancer Research Institute.

To identify mesenchymal stem cells, mesenchymal

cells  were  harvested  from  six  to  eight-week-old  Balb/c

mouse bone marrow cells and their repeated passages were

performed, and their morphology was examined by invert-

ed  light  microscopy.  Balb/c  mouse  mesenchymal  cells

showed a common small spindle-shaped fibroblast-like pat-

tern. At higher magnification, their large single nucleus was

partially visible. The spindle-like fibroblast-like morphology

of mesenchymal stem cells was one of the primary features

for  their  identification.  It  is  common  in  almost  all  studies

on them. And it is a constant feature for their identification.

However,  this  alone  cannot  be  sufficient  to  prove  that  the

cells are mesenchymal. Therefore, the next step for identify-

ing  mesenchymal  cells  is  the  expression  or  lack  of  expres-

sion of specific markers on them.

Determining the phenotype of cells

At the beginning of the work, to ensure the purity

of  the  mesenchymal  stem  cells,  flow  cytometry  was  per-

formed on specific markers. The results showed that CD105

antibody  was  expressed  in  about  32%  and  CD44  in  about

67% of the cells, while the expression level of the anti-anal-

yse was less than 1% (Figure 4). The results, as expected, in-

dicated  that  markers  -3  and  -4  were  not  expressed  in  less

than  3.5%  of  these  cells  (Figure  4).  Monocytes  and

macrophages are present in this cell population and positive

expression of mesenchymal markers. Based on these results,

mouse  Mesenchymal  stem  cells  at  passage  4  express  mes-

enchymal markers,  but the level  of  this expression is  lower

than the desired level. The expression of the CD105 marker,

as mentioned earlier, was 32%. This is much lower than the

normal  average  for  mesenchymal  cells.  However,  this  level

was in line with the findings of Per Anderson et al., who re-

ported  a  43%  expression  level  of  this  marker  in  early  pas-

sages  of  mouse  mesenchymal  cells,  especially  adi-
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pose-derived  stem cells.  Further  in  this  paper,  titled  “Flow

cytometric  absence  of  the  CD105  marker  among  33  cells

defines  a  novel  subset  of  mesenchymal  stem  cells,”  they

claimed that this level would again decrease during in vitro

culture and higher passages.

Figure 7: Flow cytometric evaluation of anti-mouse CD31-PE/CY7 antibody for mouse mesenchymal stem cells in passage, at

which point the cells should not express CD31.

Figure 8: Flow cytometric evaluation of anti-mouse CD11b-FITC antibody for passaged mouse mesenchymal stem cells. Mes-

enchymal cells do not express this protein on their surface. Rat IgG2b and IgG2a isotype controls for FITC and PE dyes. Expres-

sion of these surface proteins on the surface of mesenchymal cells is positive.

Skin  allografts  in  mice  are  usually  rejected  after

one  week,  and sometimes  between seven and nine  days.  A

control  model  consisting  of  Balb/c  mice  with  allogeneic

grafts  from C54bl/6 was rejected with a single dose of  PBS

on  day  7  without  any  signs  of  recovery,  and  was  lifted  off

the site without any pressure on day 9.
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Figure 9: Control animal of the strain - Figure 4 Balb/C with C57bl/6 skin allograft without receiving cells. The images above

show the time from the day of bandage removal to day 9 when the allograft was removed as an external wound crust.

Model  number  one,  which  included  Balb/C  mice

with C57bl/6 skin allografts, received 233 microliters of au-

tologous mesenchymal stem cells  in 333 × 136 PBS via the

tail  vein  two  days  before  allograft  transplantation.  And

from  the  fifth  day  after  transplantation,  the  animal's  skin

was still attached to the site. However, signs of darkening of

the  allograft  were  visible.  The  complete  graft  trace  in  this

model was completely visible on the ninth day, and darken-

ing,  wrinkling,  and  dryness  were  visible  in  the  skin.  The

skin  was  completely  lifted  from  the  site  and  the  animal's

hair had grown around it, and the allograft was completely

removed from the site without any pressure.

Figure 10: Model number one - Balb/C with C57bl/6 skin allograft, cell injection two days before allograft transplantation. Im-

ages from day three to complete graft rejection and detachment of the skin allograft on day nine and wound formation on day

eleven.
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Figure 11: Diagram comparing graft survival days in different groups. Group 1: Balb/C mice - Figure 4 × 2 cells with skin allo-

graft and injection of autologous mesenchymal2*106 two days before transplantation, Group 2: Balb/C mice: 2 autologous mes-

enchymal cells on the day of transplantation, Group 3 × 2 cells with skin allograft and injection of Balb/C mice 2 autologous

mesenchymal cells two days after transplantation, Control 1: mice × 2 cells with skin allograft and injection of 136 Balb/C mice

with skin allograft and injection of PBS on the day of transplantation, Control 2: C57BL/6 mice 2 cells with skin allograft and in-

jection of 2*106 p value˂0.0 in all groups compared to control) Graftpad Prism software

The  observation  that  control  group  two  received

the  same  dose  of  its  own  cells  on  the  day  of  skin  allograft

surgery  yet  took  longer  to  completely  reject  the  graft  than

model group two undermines the hypothesis that autograft

cells,  which are  not  recognized as  foreign by  the  body and

are less likely to be lysed by natural killer cells, may serve as

a  more  effective  source  for  modulating  the  immune  re-

sponse.

Although the results of Manjir et al. indicated that

allogeneic mesenchymal stem cells (MSCs) induce a greater

increase in immune-activated cells,  including natural  killer

cells, compared to syngeneic MSCs, leading to a heightened

immune response and potential host immune rejection, this

study  suggests  that  prolonged  allograft  survival  may  be

more reliant on the presence of donor cells. Specifically, the

model that received donor cells—namely, injected cells, syn-

geneic  cells,  and  allografts—demonstrated  greater  survival

rates compared to those with syngeneic and autologous cells

in the host. This implies that donor-specific antibodies may

play  a  crucial  role  in  counteracting  the  host  immune  re-

sponse,  thereby  enhancing  graft  survival.  These  findings

align with previous studies that have shown that donor-spe-

cific transfusions can extend allograft survival and promote

wound healing.

However, in a similar study by La Rocca et al. [74],

despite the concordance of the results, it was suggested that

autologous and host-homologous cells do not cause signifi-

cant changes in the average survival time of skin grafts. The

average  survival  of  allografts  with  and  without  allogeneic

cells would be 12.5 and 12 days, respectively. Although the

findings  of  the  study  conducted  with  15  transplants  were

completely  rejected  (Figure  -  Autologous  mesenchymal

stem cell injection had completely rejected 7 transplants on

average within 11 days,  the difference -  4-12) and this  rate

was relatively more noticeable compared to the control with-

out receiving cells, which was relatively more noticeable on

days 5. In general, injection of mesenchymal stem cells after

transplantation  increases  graft  survival.  This  may  also  be

due  to  the  difference  in  the  strain  of  mice  tested.  With  all

this, mesenchymal stem cells in a single dose, at any time in-

terval from transplantation, could not create permanent tol-

erance and immunity for  transplant  acceptance.  And these

cells, despite all the modulatory properties they have on im-

mune responses, are not effective alone and in a single dose

to overcome transplant rejection.

Limitations of the study, namely that no long-term

graft  survival  assessment  was  performed  and  single-dose

MSC  was  administered
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Conclusion

Allograft transplantation is currently the only way

to replace many organs. The main problem for a successful

transplantation is the xenogeneity of the transplanted tissue

or organ.  Therefore,  finding ways to induce donor-specific

tolerance is one of the ultimate goals of this treatment. Mes-

enchymal stem cells, due to their easy harvesting and cultiva-

tion in vitro, in addition to their ability to differentiate into

multiple  lineages  and  their  immune  modulatory  potential

in  vivo  and  in  vitro,  have  become  a  subject  of  interest  for

preclinical  and  clinical  research  in  a  wide  range  of  defects

and diseases. In addition, the presence of these cells in most

embryonic and adult tissues and the ability of these cells to

differentiate  into  specialized  differentiated  cell  types  have

made  them  a  suitable  target  for  bioengineering  and  tissue

engineering  applications.  In  this  study,  an  attempt  was

made  to  harvest,  isolate,  and  purify  this  cell  population,

namely  mesenchymal  stem  cells,  to  induce  immune  toler-

ance  and  investigate  their  effects  on  the  time  of  skin  allo-

graft  rejection  in  laboratory  mice.  Mouse  bone  marrow

stem  cells  from  passage  four  onwards  contain  a  very  high

percentage of  mesenchymal  cells,  and therefore,  to  achieve

an almost pure population of mesenchymal cells, these cells

must  undergo  successive  passages.  After  that,  these  cells

were injected into the host receiving the skin allograft, and

daily monitoring yielded the following results:

1. The prolonged time required for allograft rejec-

tion in models  that  received a  single  dose  of  mesenchymal

stem  cells  compared  to  the  control  sample  confirms  that

mesenchymal stem cells have immune system control capa-

bilities.

2.  In  addition,  the  longer  time  to  complete  rejec-

tion of the allograft in the control model 2, which received

allogeneic donor cells, may reflect the fact that not only are

these  allogeneic  cells  not  easily  recognized  and  eliminated

by the host immune system in the body, but their presence

in  the  host  body  following  transplantation  when  they  are

syngeneic with the allograft donor rather than the host, may

be more effective in reducing immune responses. The better

quality of the skin allograft in control 2 compared to other

models,  especially  model  2,  which  received  simultaneous

transplantation  and  cell  infusion,  again  suggests  that  these

cells  of  allograft  donor  origin  will  lead to  better  outcomes.

The approximate simultaneous and even delayed graft rejec-

tion of one to two days in the model that received cells two

days  after  transplantation,  compared  to  the  model  that  re-

ceived autologous cells at the same time, could be due to the

fact that the presence of immune and inflammatory signals

and  responses  can  help  the  engraftment  and  migration  of

mesenchymal stem cells to the injured site.
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