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Introduction

After skin injury in an adult, a well-coordinated sequence of 
events starts in order to patch the defect. Wound healing has three 
phases—inflammation, tissue formation, and tissue remodelling. 
Over six to 12 months following the acute injury, the extracel-
lular matrix is strengthened by active remodelling from the main 
type 3 collagen to type 1 collagen.1 However, the healed wound 
never regains the properties of uninjured skin.2

Skin wounds in the early mammalian embryo heal without 
scar formation and with complete restitution of the normal skin 
architecture.3 There are many differences between fetal and adult 
wound healing processes, including differences in intrinsic func-
tions of adult and fetal dermal fibroblasts,4-6 extracellular matrix 
component,7-9 the inflammatory response to the tissue injury,10,11 
intracellular signal transduction,12 as well as cytokine and growth 
factor profiles.13-15 In the adult, age-related delayed wound heal-
ing has been blamed on altered angiogenesis and inflammatory 
responses, and declining fibroblast function.

Many events occur during pregnancy that not only influ-
ence the health of the child into adulthood, but may also have 
long-term effects on the health of the mother. One such event 
is the passage of fetal cells into the maternal circulation during 

pregnancy.16,17 Trafficking of fetal cells into the maternal circula-
tion begins very early in pregnancy and the effects of this cell 
traffic are long lasting. These fetal cells can be located in mater-
nal tissues during and after pregnancy, and persist as microchi-
meric cells for decades in bone marrow and other organs. While 
persistent fetal cells were first implicated in the pathogenesis of 
maternal autoimmune disease, subsequent reports found micro-
chimeric cells in healthy tissues. Parallel studies in animal and 
human pregnancy now suggest instead that microchimeric fetal 
cells play a role in the response to tissue injury.18,19

Previous studies have shown that mobilization and differen-
tiation of fetal stem cells sequestered in the mother’s bone mar-
row and other organs may require acute and/or chronic tissue 
injury.20,21 Fetal cells have been demonstrated in skin lesions of 
women affected with PEP (Polymorphic Eruption of Pregnancy), 
an inflammatory skin disease of pregnancy.22 Murine models of 
skin inflammation in pregnancy have confirmed that fetal cells 
are significantly more frequent in inflamed tissues compared with 
healthy skin, and suggested maternal recruitment of functional 
fetal endothelial stem cells which participated in angiogenesis.23

Adult bone marrow contains many cells that have potential 
to promote healing and reconstitute skin and it is accepted that 
adult bone marrow-derived stem cells play a crucial role in wound 
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Fetal cells persist in mothers for decades after delivery: in a phenomenon called fetal microchimerism. While per-
sistent fetal cells were first implicated in autoimmune disease, parallel studies in animal and human pregnancy now 
suggest that microchimeric fetal cells play a role in the response to tissue injury. The aim of this study was to investigate 
the impact of fetal microchimeric cells in the adult wound, using caesarean section (CS) as a model of wound healing in 
pregnancy. XY-FISH (fluorescence in situ hybridization) and immunostaining was used in multiple tissue sections from 
CS skin biopsies from 70 women, to locate, quantitate and characterize microchimeric male presumed-fetal cells. Y-FISH 
and Nested PCR was used to confirm XY-FISH results. XY-FISH demonstrated the presence of isolated 0–9 male fetal cells 
per section in the epidermis of the healed CS scars from only those women who had their first male child by CS. Both 
Y-FISH and Y-PCR confirmed the presence of fetal cells in CS scars. Combined FISH and immunostaining showed all male 
fetal cells present were keratinocytes, as they expressed cytokeratin, and were almost exclusively located in epidermis. 
Microchimeric fetal cells also expressed Collagen I, III, and TGF-β3 in healed maternal scars. Identification of male–pre-
sumed fetal cells in healed maternal CS scars after pregnancy suggests that, possibly in response to signals produced 
by maternal skin injury at CS, fetal cells migrate to the site of damage to become involved in maternal tissue repair, or 
proliferate locally.
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healing. Experimental work has shown that whole marrow, as 
well as cultured marrow stem cells, accelerates wound healing.24 
It is biologically plausible that engrafted microchimeric fetal stem 
cells are recruited from marrow to sites of skin injury along with 
the endogenous stem cell population, but there is as yet no evi-
dence to support a beneficial effect of these stem cells on wound 
healing in the adult. Controlling delivery systems of fetal cells to 
the skin also has potential to improve wound healing as fetal cells 
are differentiated cells with high expansion, regeneration, and 
low immunogenic properties,25,26 the vast number of additional 
growth factors normally necessary are not needed for cell culture 
and expansion, and these cells are not known to dedifferentiate 
once placed into the in vivo environment.26-29

Caesarean section (CS) is a common surgical procedure, and 
as it has become safer and electively scheduled, functional and 
cosmetic aspects have gained increased importance. Wound 
complications after CS delivery are also a significant economic 
and psychological burden. CS scars provide the ideal tissue to 
investigate the association between adult wound healing and the 
presence of fetal cells in the wound. Understanding this associa-
tion may lead to strategies to manipulate adult healing to become 
more fetal-like.

The hypothesis of this study is that wound healing in women 
becomes more fetal-like after pregnancy; and that this may be 
due to the transplacental trafficking of microchimeric fetal cells 
with regenerative capacity. Our aims were to show that micro-
chimeric fetal cells were present in sites of maternal tissue injury 
after pregnancy and to demonstrate that these cells contributed 

to maternal tissue repair. We also aimed 
to investigate whether microchimeric fetal 
cells improved scarring after pregnancy 
and finally planned to examine microchi-
meric cell phenotype in these models of 
tissue injury and repair.

Results

Study population
A total of 70 skin biopsies, consisting 

of 31 normal (unwounded) skin samples 
obtained at the first CS and 39 caesarean 
scars (CS) were harvested during routine 
surgical procedures. Based on different 
reproductive histories, we categorized the 
70 women into three different groups: 
women without miscarriages (A1–A27) 
(Group 1), women with previous miscar-
riages (B1-–B12) (Group 2) and normal 
skin/ uninjured healthy skin - controls 
(C1–C31) (Group 3). All patients were 
coded from A-C to maintain anonymity. 
The mean maternal age was 32.9 y (range 
23–42 y) for Group 1, 35.8 y (range 
32–42 y) for Group 2, and 31.9 y (range 
18–40 y) for group 3 (controls). These 

women were entirely healthy and had never had a transfusion or 
organ transplantation.

Identification of male cells in CS scars by XY FISH
FISH using the DXZ1/DYZ1 probe was performed on two 

hundred and 80 slides from the one hundred and 40 tissue blocks 
(2 blocks per patient and 2 slides per block). Each slide contained 
one or more tissue sections. Microchimeric fetal cells were iden-
tified in CS scars of the women who delivered their first male 
child by caesarean section (Figs. 1 and 2) (Table 1) but not in 
the skin biopsies of those who had their first male child by the 
vaginal route (Table 2). Ninety male cells were detected in total 
in the one hundred and 15 sections analyzed. This was a mean of 
1.2 male fetal cells/section with a range of 0–7 fetal cells in the 
combination of two male pregnancies delivered by CS.

Male fetal cells were also found in women who had only 
one or both female children and no sons but had miscarriage of 
unknown gender. More male cells were seen in caesarean scars 
of women who had previous miscarriages especially when surgi-
cal evacuation of retained products of conception was performed 
than women without previous miscarriages (Table 3). A mean 
of 1.33 male fetal cells/section were seen, with a range of 0–4 
fetal cells in group 2—a combination of previous male with CS 
and current male pregnancy with CS. However, this difference 
was not statistically significant: 1.33 male cells per section vs. 1.2 
male cells per section in patients with two male pregnancies with 
and without previous miscarriages.

Male fetal cells were also found in the skin biopsies of women 
removed during caesarean delivery of first male baby and also in 

Figure  1. XY-FISH on caesarean scar showing male cells (XY) in epidermis. (A) H&E staining of 
skin showing four layers of epidermis - Stratum Basale (S.B), Stratum Spinosum (S.S), Stratum 
Granulosum (S.G), and Stratum Corneum (S.C). (B–D) XY-FISH showing male cells (XY) in epidermis 
of caesarean scars [arrows]. Blue represents DAPI stained nuclei. Green autofluorescence in XY-FISH 
in C and D was artifact from the Stratum Corneum layer of the skin.
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skin biopsies of women who had only one female baby but had 
had a miscarriage of unknown fetal gender before the term preg-
nancy (Table 4). This skin was just like unwounded skin and was 
removed before the process of wound healing had started. The 
numbers of fetal presumed male cells were very small in unin-
jured skin (mean: 0.1–0.5 cells per section).

Location and phenotyping of male-presumed fetal micro-
chimeric cells

Male cells of presumed fetal origin were seen throughout the 
epidermis, around blood vessels as endothelial cells and as spindle 
shaped cells in dermis of healed caesarean scars of women who 
delivered their first male child by CS (Figs. 1, 2A, and 2B). To 
characterize the identified male cells in skin and what they pro-
duced within different skin layers, we looked for different cell 
markers in the skin. Six antibodies were used for phenotypic 
characterization: anti-pan Cytokeratin, anti-collagen I and III, 

Figure 2. (A) H&E staining of skin showing epidermis (a). Y -FISH on Caesarean scar of women with previous male pregnancy showing male cells in epi-
dermis (b) (arrows). H&E staining of skin showing dermis (c) and male cell in dermis (d) (arrows). Arrows (yellow; a and c) demonstrate putative location 
of these cells in H&E stained sections. Male cells identified in the female caesarean scar, bearing a Y chromosome labeled with SpectrumOrange and blue 
represents DAPI stained nuclei. (B) (a) H&E staining of skin showing blood vessels in dermis and (b) XY-FISH showing a male cell around a blood vessel 
in dermis, Male cell bearing an X chromosome labeled with SpectrumOrange and a Y chromosome labeled with SpectrumGreen. Green in the center of 
blood vessel is autofluorescence caused by blood. All chromosomes may not appear in the same plane of focus due to the thickness of sections (5 µm).
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anti-fibronectin, anti-TGF-β1, and anti-TGF-β3. Fluorescent 
immunohistochemistry identified that anti-pan Cytokeratin 
binds to epithelial and trichocytic cells of skin. Collagen I is the 
most abundant collagen of skin, and anti-collagen I stains more 
in reticular dermis while anti-collagen III stains more in papil-
lary dermis of skin. Like collagen III, fibronectin stains greatest 
in the papillary dermis. TGF β1 and anti-TGF β3 stains positive 
around keratinocytes in the epidermis.

By combining Y-FISH with pan-Cytokeratin, we were able 
to identify male cells in the epidermis of healed caesarean scars. 
Male cells present in epidermis of scars were all positive for pan-
Cytokeratin, implicating them as Keratinocytes of the epidermis 
(Fig. 3A). By combining XY-FISH with pan Cytokeratin-AMCA 

staining, we were once again able to identify male cells in the 
epidermis of caesarean scars (Fig. 3B) and were also able to show 
that these male presumed-microchimeric cells were Cytokeratin 
positive just like the adjacent female cells in epidermis of skin. 
Combined FISH and immunostaining showed that these male 
cells also expressed Collagen I, Collagen III, Fibronectin, TGF 
β1, and TGF β3 in healed caesarean scars of parous women 
(Fig. 4).

Identification of male-presumed fetal cells by Y-FISH and 
SRY-PCR

DXZ1/DYZ1 probe was used as a standard probe for XY-FISH, 
but to confirm the results of XY-FISH, an alternative probe was 
used. A single DYZ1 probe labeled with Spectrum Orange (red 

Table 1. Women with repeat caesarean section (Group 1; A 1- A27)

No. Of patients
Previous pregnancy

with CS
Current pregnancy

with CS
Slides analyzed

Sections analyzed 
per slide

Total
Male cells (n)

4 Female Female 16 16 0

5 Female Male 20 20 2

11 Male Female 44 49 52

7 Male Male 28 30 36

Σ = 27 Σ = 108 Σ = 115 Σ = 90

Table 3. Women with repeat caesarean section and previous miscarriages (Group 2; B1-B12)

No. of
Patients

Previous pregnancy
with CS

Current pregnancy
with CS

Slides analyzed Sections analyzed Total Male cells (n)

5 Female Female 20 22 26

3 Male Female 12 12 11

1 Female Male 4 4 4

3 Male Male 12 12 16

Σ = 12 Σ = 48 Σ = 50 Σ = 57

Table 2. Women delivering first child by vaginal delivery (Uninjured healthy skin –subset of group 3; C1–32)

Previous pregnancy 
delivered vaginally

Current pregnancy
with CS

Slides analyzed
Sections analyzed 

per slide
Total Male cells (n)

1 Female Female 4 4 0

2 Female Male 8 10 0

1 Male Male 4 8 0

2 Male Female 8 10 0

Σ = 6 Σ = 24 Σ = 32 Σ = 0

Table 4. Uninjured healthy skin, subset of group 3

No. of women Parity Slides analyzed
Total Male cells

(n)

1 3 1st male baby 12 6

2 3
1st CS male baby,

Previous miscarriage
12 4

3 7 1st female baby 7 0

4 6
1st CS female baby,

Previous miscarriage
24 2

Σ = 19 Σ = 55 Σ = 12
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signal) allowed the identification of only male cells in the tissue, 
which made screening easier. FISH using the single DYZ1 probe 
was performed only on those skin sections from blocks where 
male cells were already seen by XY-FISH. Therefore a smaller 
number of sections were analyzed by Y-FISH as compared with 
XY-FISH. This is because XY-FISH was the main approach to 
identify and quantify male cells in skin sections and single DYZ1 
probe was mainly used to confirm the presence of already seen 
male cells. This technique was later combined with immunohis-
tochemistry to identify the phenotype of male cells. Similarly 
to the results obtained by XY-FISH, male cells were identified 
throughout the epidermis and in the dermis of healed CS scars of 
women, who had their first male delivery by CS (Fig. 2).

As well as using the alternative DYZ1 probe to confirm the 
male cells seen by XY-FISH, we next performed RT-PCR to 
amplify the SRY gene of the male cells in maternal CS scars. 
These experiments were performed on CS scar samples, where 
we had previously identified male cells both by XY-FISH and 
Y-FISH. By using a nested PCR technique, we were able to detect 
male genetic material in all CS scar samples tested (Fig. 5).

Discussion

In this study, we demonstrated the presence of male cells 
of presumed fetal origin in caesarean scars of parous women, 
implicating their role in the healing process after CS. XY-FISH 
analysis allowed the identification of male cells in CS scars from 
most of the women with their first male pregnancy delivered by 
CS (n = 27) but not in the controls, women who delivered their 
first male child vaginally (n = 6). Male cells were also identi-
fied in the CS scars of women with no sons, but who had previ-
ous miscarriages of unknown gender. Y-FISH analysis using the 
single DYZ1 probe and nested SRY-PCR confirmed the results 
of XY-FISH.

XY-FISH showed that the frequency of male cells in the cae-
sarean scars of women ranged between 0–7 (mean 1.2), higher 

than the 0–2 male cells (mean 0.5) found in healthy uninjured 
skin. From our results, we suggest that injury of skin at CS 
recruits more fetal cells to contribute in the wound healing pro-
cess. Male fetal cells seen in uninjured skin are most likely due to 
the random distribution of fetal cells to various maternal organs, 
as has been shown in other studies. Animal models have also pre-
viously demonstrated that fetal cells are recruited to the skin as a 
result of injury and can also be seen in healthy skin.23,24,30

Five women with no proven previous male pregnancy had 
male presumed-fetal cells (mean 1.18, range 0–6) in CS scars 
(Table 3). This could be explained by the fact that these women 
had previous miscarriages of unknown gender. Most of these 
women had surgical management of their miscarriage and it 
has been demonstrated that significant fetomaternal hemor-
rhage occurs at similar surgical management of termination of 
pregnancy.31

Combined FISH and immunostaining showed male cells 
present both in epidermis as well as in the dermis of CS scars. 
Male cells present in the epidermis were positive for pan-Cyto-
keratin indicating that these male cells were keratinocytes of the 
epidermis. Moreover when the scar tissue was stained for collagen 
I, collagen III, fibronectin, TGF-β1, and TGF-β3, male cells of 
presumed fetal origin in both epidermis and dermis were found 
to be positive for all these markers. This confirms that microchi-
meric fetal cells after entering maternal skin during the process 
of wound healing not only differentiate into local skin cells but 
may also take an active part in wound healing, as they produce 
markers of wound healing.

Cutaneous wound healing involves the recruitment of vari-
ous cell types in the acute phase such as neutrophils, macro-
phages, and fibroblasts, in addition to re-dermalisation and 
re-epithelialisation. Since previous studies have shown that adult 
bone marrow derived cells (BMDCs) may be involved in skin 
repair and regeneration,32 we suggest that injury at CS caused 
the recruitment of adult BMDCs including engrafted microchi-
meric fetal cells in maternal bone marrow to the site of injury. 
In this study, we found microchimeric fetal cells interspersed 

Figure 3. (A) Combined Y-FISH and pan Cytokeratin staining identified male cell in epidermis of caesarean scar. Blue represents DAPI stained nuclei, 
green is cytokeratin staining of epidermal layer of skin caused by fluorescein Streptavidin. The white arrows indicate Y+ positive Cytokeratin positive 
cell. (B) Combined XY-FISH and pan Cytokeratin (AMCA). Arrow shows pan Cytokeratin positive male cell in epidermis of caesarean scar from a pregnant 
women.
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Figure 4. Combined FISH and immunostaining of Caesarean scars from pregnant women. All 100x. (A and B) Collagen I positive male cells in epidermis. 
(C and D) Collagen III positive male cells in epidermis. (E) TGF-β3+ male cell bearing a Y chromosome (red). (F) TGF-β3+ male cell with X chromosome 
labeled with SpectrumOrange and Y chromosome labeled with SpectrumGreen. (G) Fibronectin+ male cell bearing a Y chromosome (red) in dermis.  
(H) Fibronectin+ male cell (XY) in epidermis of skin. In A, C, E, and G, blue represents the DAPI staining of nuclei and green is staining of antibody conju-
gated with fluorescein Streptavidin, whereas in B, D, F, and H, blue represents staining of antibody conjugated with fluorescein AMCA
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throughout the interfollicular epidermis both in 
the basal layer of the epidermis as well as in the 
suprabasal maturing progeny (epidermal prolif-
erative unit) of the healed scar. The process of 
maturation of a basal cell through to desquama-
tion takes approximately 27 d in humans and 
the outer keratinized layer is shed continuously, 
being replaced by the progressive movement 
and maturation of cells from the germinal lay-
ers. Therefore, for persistent male fetal cells to 
be present years after CS, as we found, a fetal 
stem cell presence in epidermal stem cell niches 
is essential.

In our study, male cells of presumed fetal ori-
gin were seen as isolated single cells throughout 
the epidermis and were never seen in clusters. 
Fetal cells in maternal epidermis were identi-
fied morphologically as keratinocytes by their 
rounded vesicular nuclei, abundant non-den-
dritic cytoplasm, and epithelial cell-like mor-
phology. Moreover, they stained positive for 
Cytokeratin, which means that they differenti-
ated into the local skin cells. Comparing our 
results with the previous study of Borue et al. in 
which they observed few cytokeratin positive Y- 
chromosome cells in skin wounds two months 
after skin injury,33 we observed a higher fre-
quency of engrafted fetal cells as keratinocytes 
even 8 years after caesarean section. Therefore, 
some of these engrafted fetal cells might be self- 
renewing stem cells.

For engrafted fetal cells to proliferate and 
differentiate in maternal organs, they must have 
multi-lineage capacity and should have stem cell 
like properties.34 According to our work, it seems that these fetal 
stem cells are of epithelial in origin, as we observed male kerati-
nocytes of presumed fetal origin in maternal skin. Therefore fetal 
stem cells of epithelial origin could have the ability to engraft 
within maternal skin during pregnancy and differentiate into 
keratinocytes upon injury to maternal skin. Alternatively, fetal 
stem cells could act as a common precursor that according to the 
area of tissue where they engrafted would differentiate into dif-
ferent types of cells.

Rarely in this study were fetal cells seen in the dermis. 
Occasional spindle shaped cells, morphologically resembling 
fibroblasts were seen in the healed dermis. As in this study, we 
examined scars many months after the initial injury; it is not 
surprising that none of the fetal inflammatory cells was present at 
that stage. Microchimeric male fetal cells were twice seen around 
blood vessels; this was an unusual finding as endothelial pro-
genitor cells contribution in wound healing is transient and their 
number decrease as the wound matures and vascular regression 
occurs. In agreement with our results, Fathke et al. also observed 
bone marrow derived endothelial progenitor cells in a microvessel 
after the acute stage of wound healing was over.35

Brittan et al. found GFP –positive cells within hair follicles 
after skin injury.36 We never found male fetal cells in the outer 
root sheath of the hair follicle, which is the repository for the 
epidermal stem cells. As keratinocytes are actively recycling cells, 
the presence of male fetal cells in the scar suggests areas of fetal 
stem cell population in follicular skin other than the hair follicle. 
In keeping with this, studies have shown before that the epider-
mis is self-renewing and it does not depend on cells generated 
from multipotent stem cells of the hair follicle.37

In this study, we used stringent measures to minimize con-
tamination to avoid false-positive results and controls without 
male pregnancy were consistently negative. Analysis of tissues was 
blinded and independently verified. We detected the presence of 
male cells in female skin as indicators of fetal microchimerism, 
using the fluorescent in situ hybridization (FISH) technique. Two 
variants of FISH were used. XY- FISH was the main method for 
the detection of male cells of presumed fetal origin and Y- FISH 
was used to confirm the results from XY-FISH and also for the 
later combined method with immunohistochemistry. Using an 
RT-PCR technique, we were able to confirm male genetic mate-
rial in the same CS scars. Male cells could originate in female 
tissues from other sources; however, we confirmed that none 

Figure 5. Nested PCR products of 345bp assessed by electrophoresis in a 1.2% Agarose gel. 
L = 100 bp DNA ladder (Promega, UK), (2–6) CS-scars, (7) Positive control using placental tis-
sue and (8) Negative control using nulliparous skin.
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of women had confounding sources of microchimerism such as 
blood transfusion or transplantation.

Finally, this work on archived human tissues cannot demon-
strate that fetal cells actively participate in the wound healing 
process. Human studies of wound healing are limited by the diffi-
culty in obtaining samples from various stages of wound healing, 
and moreover invasive surgery like ovariectomy to exclude the 
role of estrogen in wound healing is neither appropriate not ethi-
cal. Therefore, murine models are a better tool to understand the 
individual role of fetal microchimerism and estrogen in wound 
healing process. Using GFP mice, Khosrotehrani et al. was able 
to show the engraftment of fetal cells to the site of maternal 
skin wounds and their involvement in angiogenesis.38 Similarly 
in another study, estrogen deprivation in ovariectomized female 
mice resulted in impaired wound healing.39

Self-renewal capacity and the long-term potential of persist-
ing fetal stem cells to form undifferentiated cell lineages has 
been suggested to confer a female advantage in terms of health 
and longevity.16,18 Previously, various studies had shown the 
potential involvement of fetal microchimeric stem cells in tis-
sue repair in myocardium, thyroid, lung, and appendix tissue 
during pregnancy and post-pregnancy.19,21,40,41 Our study now 
suggests that fetal microchimeric cells might also be involved 
in wound healing immediately as well as many years after the 
delivery. Therefore, it seems reasonable that acquired fetal cells 
not only have potential implications in later life but also imme-
diately after pregnancy.

In conclusion, using CS scars as a model of injury and repair 
in pregnant women, we were able to demonstrate male cells of 
presumed fetal origin in caesarean scars eight years after their 
last caesarean section, from women with a previous male preg-
nancy. These cells were present in the epidermis and differenti-
ated into keratinocytes. We speculate that they may be fetal stem 
cells.

Materials and Methods

Ethical approval
With the approval of the Clinical Research Ethics Committee 

of Cork Teaching Hospitals (ref: CKZ47), written informed 
consent was obtained from each of the participants before enrol-
ment in the study. Women undergoing elective surgeries were 
recruited in the antenatal wards on the day of their operation.

Study population
Skin biopsies were taken during routine operations from 

women undergoing their 1st CS, where a piece of the incised skin 
was obtained and the 2nd elective CS, where the (full-thickness) 
previous caesarean scar was removed. A detailed obstetric his-
tory was obtained in women with singleton pregnancies under-
going either primary or recurrent Caesarean section (CS) with 
particular reference to gender, mode of delivery and outcome of 
previous pregnancies. Maternal age, parity, use of medications, 
smoking status, and past medical history was also recorded. 
Women who had a previous blood transfusion, stem cell, or 
organ transplantation were excluded. From this population, the 

many different possible combinations of delivery and infant gen-
der are set out in Table 5A, 5B, and 5C.

Preparation of tissue sections
Tissues were preserved in 10% buffered Formalin (KB 

Scientific Limited) for less than 24 h. Representative blocks 
were made at 2cm intervals and then embedded in paraffin wax 
after overnight tissue processing. Serial 5µm sections were cut, 
mounted on polysine-coated slides and super frost plus slides 
and dried at room temperature for few hours. Precautions were 
taken in handling the sections, which were all prepared by the 
female investigator and a new sterile knife was used for each 
specimen. The slides were cut perpendicular to the skin surface.

Fluorescence in situ hybridization (FISH)
The method adopted for FISH was initially described by 

Johnson et al.42,43 As reported by O’Donoghue et al.,44 skin sec-
tions (5 µm) were processed in the usual way, then heat and 
enzyme pre-treated and fixed before hybridization. This tech-
nique was tested on normal skin, scarred and hypertrophic 
tissue, where the duration of heat enzyme pre-treatment was 
adjusted. Tissue sections were dewaxed by immersion two times 
in Histoclear II (Fisher Scientific) for 5 minute (min) each rehy-
drated in Ethanol series (100%, 95%, and 70%) for 2 min. 
and then finally rinsed with tap water for 2 min. For antigen 
retrieval, tissue sections were heat treated with 2 × SSC (sodium 
salted citrate) for 15 min. at 80 °C and the washed in D.W for 2 
min. Sections were treated with 200µl of 40µg/ml pre-warmed 
proteinase K (40 units/mg, Sigma-Aldrich) at 37 °C for 6–10 
min depending upon the skin samples (6 min. for normal skin, 
8 min. for previous scar, and 10 min for hypertrophic scar). 
Sections were then washed with D.W and then with 2 × SSC 
twice for 3 min. Secondary fixation done with ice-cold 2:1 v/v 
methanol: acetone for 2 min before hybridization. Slides were 
then hybridized with 3 µl-undiluted probe, at 71 °C for 7 min 
followed by a 4-h hybridization at 37 °C. The probes used were 
chromosome-specific centromeric repeat probes CEP X spectrum 
orange/Y spectrum green or CEP Y spectrum orange (Abbott 
Laboratories). Following hybridization, cells were washed with 
2 × SSC for 2 min, incubated with 0.4 × SSC in a water bath at 
72 ± 1 °C for 2 min. and the washed with 2 × SSC/0.1% NP-40 
(Nonylphenoxy-polyethoxy ethanol-40) for 2 min. During these 
steps after the use of probe, slides were shielded from direct light. 
Slides were final passed through Ethanol series (70%, 95%, and 
100%), mounted in DAPI (diamidino-2 phenyl-indole; Vector 
laboratories, UK) and covered with 22 × 22 mm coverslips and 
sealed with nail varnish.

DNA probes for XY-FISH
For XY-FISH, CEP X/Y probe was used which is a mixture of 

a SpectrumOrange labeled CEPX probe and a SpectrumGreen 
labeled CEP Y probe specific for the α satellite centromeric region 
of chromosome X and satellite III (Yq12) region of chromo-
some Y. In a normal male cell, the expected pattern for nucleus 
hybridized with the CEP X/Y DNA probe was one red and one 
green signal pattern. In a normal female cell the two single red 
signals were seen. For Y-FISH, single CEP Y SpectrumOrange 
probe was used. Male cells were identified by the presence of a 
single red signal.
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Table 5A. Group 1: Study population and reproductive histories

Code
Reproductive

history
Age

(years)
Ethnicity BMI

Smoking
Status

Slides
analyzed

Section 
analyzed

Male cells
(n)

A1 2nd CS male baby, previous female 42 Caucasian 19 N 4 4 0

A2 2nd CS male baby, previous female 23 Caucasian 23.5 N 4 4 0

A3 2nd CS male baby, previous female 31 Caucasian 22 N 4 4 0

A4 2nd CS male baby, previous female 35 Caucasian 31.2 N 4 4 0

A5 2nd CS male baby, previous female 37 Brazil 21.8 N 4 4 2

A6 2nd CS male baby, previous male 33 Caucasian 22.6 N 4 4 13

A7 2nd CS male baby, previous male 33 Thailand 24 N 4 4 2

A8 2nd CS male baby, previous male 42 Caucasian 26 N 4 6 5

A9 2nd CS male baby, previous male 23 Caucasian 23.7 Y 4 4 6

A10 2nd CS male baby, previous male 29 Caucasian 30 N 4 4 2

A11 2nd CS male baby, previous male 34 Caucasian 23.3 N 4 4 2

A12 2nd CS male baby, previous male 26 Caucasian 41.2 N 4 4 6

A13 2nd CS female baby, previous female 35 Caucasian 22 N 4 4 0

A14 2nd CS female baby, previous female 34 Caucasian 30 N 4 4 0

A15 2nd CS female baby, previous female 29 Caucasian 21.3 N 4 4 0

A16 2nd CS female baby, previous female 37 Caucasian 22 N 4 4 0

A17 2nd CS female baby, previous male 32 Caucasian 38 N 4 4 3

A18 2nd CS female baby, previous male 37 Caucasian 36 N 4 4 8

A19 2nd CS female baby, previous male 34 Caucasian 28 Y 4 7 16

A20 2nd CS female baby, previous male 30 Caucasian 31.7 N 4 4 2

A21 2nd CS female baby, previous male 31 Caucasian 23.4 N 4 4 6

A22 2nd CS female baby, previous male 33 Caucasian 24 N 4 4 0

A23 2nd CS female baby, previous male 40 Caucasian 22.6 N 4 6 5

A24 2nd CS female baby, previous male 31 Caucasian 19.4 N 4 4 5

A25 2nd CS female baby, previous male 34 Caucasian 23.2 N 4 4 0

A26 2nd CS female baby, previous male 37 Caucasian 21.5 N 4 4 4

A27 2nd CS female baby, previous male 28 Caucasian 33.3 N 4 4 3

Table 5B. Group 2 (CS scar and previous miscarriages): demographics and reproductive histories

Code Reproductive history
Age

(years)
Ethnicity BMI

Smoking
Status

Slides 
analyzed

Section 
analyzed

Male cells
(n)

B1 2nd CS male baby, previous female, previous miscarriage 37 Caucasian 23.6 N 4 4 4

B2 2nd CS male baby, previous male, previous miscarriage 35 Caucasian 30 N 4 4 2

B3 2nd CS male baby, previous male, previous miscarriage 32 Caucasian 23 N 4 4 5

B4 2nd CS male baby, previous male, previous miscarriage 42 Caucasian 23 Y 4 4 9

B5 2nd CS female baby, previous female, previous miscarriage 37 Caucasian 24 N 4 4 0

B6 2nd CS female baby, previous female, previous miscarriage 38 Caucasian 44 N 4 4 9

B7 2nd CS female baby, previous female, previous miscarriage 32 Caucasian 20 N 4 6 10

B8 2nd CS female baby, previous female, previous miscarriage 35 Caucasian 30 N 4 4 7

B9 2nd CS female baby, previous female, previous miscarriage 35 Caucasian 22 N 4 4 0

B10 2nd CS female baby, previous male, previous miscarriage. 33 Caucasian 22 N 4 4 6

B11 2nd CS female baby, previous male, previous miscarriage. 39 Caucasian 23.3 N 4 4 4

B12 2nd CS female baby, previous male, previous miscarriage. 34 Caucasian 31.4 Y 4 4 4
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Table 5C. Group 3 (Unwounded skin): Demographics and reproductive histories

Code Reproductive history Age Ethnicity BMI
Smoking 

status
Slides 

analyzed
Section 

analyzed
Male cells

(n)

C1 1st CS male baby 36 Caucasian 30 Y 4 4 2

C2 1st CS male baby 34 Caucasian 26 N 4 4 2

C3 1st CS male baby 35 Caucasian 22 N 4 4 2

C4
1st CS male baby, previous 

miscarriage
36 Caucasian 26.6 N 4 4 0

C5
1st CS male baby, previous 

miscarriage
48 Caucasian 23 N 4 4 2

C6
1st CS male baby, previous 

miscarriage
35 Caucasian 22.8 N 4 4 0

C7 1st CS female baby 28 Caucasian 22 N 1 1 0

C8 1st CS female baby 32 Caucasian 32 N 1 1 0

C9 1st CS female baby 22 Caucasian 23 Y 1 1 0

C10 1st CS female baby 32 Caucasian 26.9 N 1 1 0

C11 1st CS female baby 39 Caucasian 22.6 N 1 1 0

C12 1st CS female baby 18 Caucasian 19.7 N 1 1 0

C13 1st CS female baby 21 Caucasian 20 Y 1 1 0

C14
1st CS female baby, previous 

miscarriage
30 Caucasian 21 Y 4 5 0

C15
1st CS female baby, previous 

miscarriage
30 Caucasian 33 N 4 4 0

C16
1st CS female baby, previous 

miscarriage
30 Caucasian 21.7 Y 4 4 1

C17
1st CS female baby, previous 

miscarriage
34 Caucasian 21 N 4 4 0

C18
1st CS female baby, previous 

miscarriage
27 Caucasian 20.5 N 4 4 1

C19
1st CS female baby, previous 

miscarriage
48 Caucasian 20.6 N 4 4 0

C20
1st CS male baby, previous female 

vaginal delivery (VD)
31 Caucasian 26.4 Y 4 4 0

C21
1st CS male baby, previous female 

vaginal delivery (VD)
39 Caucasian 24.6 N 4 4 0

C22
1st CS male baby, previous female VD, 

previous miscarriage
34 Caucasian 26.6 Y 4 4 0

C23 1st CS male baby, previous male VD 30 Caucasian 28 Y 4 8 0

C24
1st CS male baby, previous male VD, 

previous miscarriage
30 Caucasian 30 N 4 4 1

C25
1st CS female baby, previous female 

VD
23 Caucasian 27.6 Y 4 4 0

C26
1st CS female baby, previous female 

VD, previous miscarriage
40 Caucasian 21 Y 4 4 0

C27 1st CS female baby, previous male VD 35 Caucasian 28.7 N 4 4 0

C28 1st CS female baby, previous male VD 36 Caucasian 23 N 4 4 0

C29
1st CS female baby, previous male VD, 

previous miscarriage
31 Caucasian 33.6 N 4 4 0

C30
1st CS female baby, previous male VD, 

previous miscarriage
35 African 31.5 N 4 4 0

C31
1st CS female baby, previous male VD, 

previous miscarriage
36 Caucasian 36 N 4 4 0
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Fluorescent immunohistochemistry
Tissue sections were dewaxed by immersion two times in 

Histoclear II (Fisher Scientific) for five min each, rehydrated in 
an ethanol series (100%, 95%, and 75%), and then rinsed in 
distilled water. For antigen retrieval, slides were heated in 2 × 
SSC for 15 min. at 80 °C; washed in DW for two min and then 
treated with 200µl of 40µg/ml of pre-warmed proteinase K in 
oven for varying length, depending upon the skin type. After 
SSC washes, sections were incubated with 200 µl of block for one 
hour and then after PBS washes, sections were treated with spe-
cific blocking agent (Vector Labs). Sections were then incubated 
with 200µl of appropriate anti-human murine IgG – class mono-
clonal antibody diluted in antibody diluent (DAKO). Sections 
were washed twice in PBS for three minutes each and then incu-
bated with 200µl of biotinylated goat anti-mouse secondary anti-
body (Vector Laboratories), diluted 1:50 in block for 30 min. 
Slides were again washed in PBS twice and then incubated with 
200µl of fluorescent Streptavidin (Vector Laboratories), diluted 
1:50 in block for 30 min. Slides were rinsed in tap water and 
dehydrated in 100% ethanol for 30 s. After being air-dried, 
the slides were mounted in DAPI (diamidino-2-phenyl-indole, 
Vector Laboratories), covered with 22 × 22mm coverslips, and 
sealed with nail varnish.16,19,42-44

Fluorescent Immunohistochemistry combined with FISH
In order to identify the phenotype of microchimeric cells 

found in the tissue sections, Immunohistochemistry for markers 
of fetal wound healing was performed with Cytokeratin, Collagen 
I, III, Fibronectin, Transforming growth factor β1 (TGFβ1), 
and Transforming growth factor β3 (TGFβ3), was done on the 
same sections following FISH. (Table 6). Tissue was dewaxed as 
described above and then heat-treated with 2x SSC for 15 min. at 
80 °C, treated with 200 ml of 40µg/ml pre-warmed Proteinase-K 
(40 units/mg, Sigma-Aldrich) at 37 °C for 5–10 min depending 
upon the skin sample (5 min. for normal skin, 8 min. for previ-
ous scar and 10 min. for hypertrophic scar), and washed with 2x 
SSC after each step. After fixation with ice-cold 2:1 v/v metha-
nol: acetone for 2 min., slides were hybridized with 3µl of either 
an XY undiluted probe or a single Y probe (1 in 1 dilution) for 
a minimum of 4 h. Following post-hybridization washes and an 
ethanol dehydration series, slides were air-dried and incubated 
with Block (5% BSA in PBS) for 1 h. To increase antibody stain-
ing, slides were incubated with Avidin followed by Biotin for 15 
min each. The slides were then incubated with the appropriate 
anti-human murine IgG-class monoclonal primary antibodies 
(Table 6) diluted with Dako antibody diluent (1: 50) to reduce 
background autofluorescence, for 1 h and washed twice in PBS, 
2 min each. Subsequent incubations were with biotinylated goat 
antimouse secondary antibody (Vector Laboratories), detected 
with Streptavidin conjugated with fluorescein/ Streptavidin 
AMCA (Vector Laboratories) both diluted 1:50 and incubated 
for 30 min each. Slides were finally dehydrated in 100% ethanol 
for 1 min and mounted in DAPI/ H1000 (Vector Laboratories) 
for analysis by epifluorescence microscopy.16,19,42-44

Imaging and analysis
Following FISH, Immunohistochemistry with fluorescent 

Streptavidin method and Combined ImmunoFISH, slides were 

analyzed by epifluorescence microscopy (Zeiss Axioskope), using 
single band pass filters for Green, Red, and DAPI and the triple 
band filter set. Images were then captured using a cooled CCD 
camera and reviewed in Carl Zeiss Axiovision Rel. 4.8.1 soft-
ware. Nuclei with two red signals were considered as female (XX) 
and those with one red and one green were considered as male 
(XY). Each slide was checked for hybridization efficiency and 
only analyzed if more than 75% of the nuclei showed two signals. 
Only those fluorescence signals were considered positive when 
the intensity and diameter of red and green signals were equal 
and inside an intact nucleus.16,42,44 To distinguish true signals 
from tissue autofluorescence, image intensities were captured 
and compared under all filter channels using high magnification 
(X100). Each slide was examined twice; an initial scan “trawl” of 
the tissue to see hybridization efficiency and tissue architecture, 
and a later more detailed survey of all signals.

Scoring and statistical analysis
Sections from CS wounds and controls were all analyzed for 

the presence of male cells without prior knowledge of histologi-
cal parameters. Male cells were recognized as having 1-Y (green) 
chromosome within an intact blue stained nucleus. Because nor-
mal distribution of the data could not be assumed, statistical 
significance was determined by the Mann–Whitney Wilcoxon 
nonparametric or the Fisher exact test. P values < 0.05 were con-
sidered to be statistically significant.

Genomic DNA extraction
DNA was extracted from the freshly cut FFPE tissue sections, 

using QIAamp DNA FFPE Kit (Qiagen Ltd.). The QIAamp 
DNA FFPE Tissue procedure consists of 6 steps. In the first step 
paraffin was dissolved in xylene and removed. Sample was lysed 
under denaturing conditions with a short proteinase K diges-
tion. Incubation at 90 °C reversed formalin cross-linking. DNA 
then binds to the membrane and contaminants flow through. 
Residual contaminants were washed away and pure, concentrated 
DNA was eluted from the membrane. The DNA was eluted from 
the column using 50 µl of Buffer ATE.

Polymerase chain reaction (PCR)
To confirm the presence of Y chromosome in the female tissue 

sections, the SRY (sex determining region Y) gene was ampli-
fied by nested PCR using two pairs of primers designed to cover 
609bp and 345bp around the HMG box of the gene. PCR was 
performed using the Hot Star Taq DNA polymerase kit (Qiagen). 
Each PCR reaction had a total volume of 70 µl consisting of 7µl 
10× buffer, 2 µl of 40mM dNTPs, 3 µl 25 mM MgCl

2
, 14 µl 

Q solution, 1 µl DNA polymerase, 1.5 µl of the 1 mM forward 

Table 6. List of antibodies and dilutions used

Primary Antibodies Company Dilution

Collagen I (Monoclonal) Sigma, Aldrich, UK 1:50

Collagen III (Monoclonal) Sigma, Aldrich, UK 1:50

Fibronectin (Monoclonal) Sigma, Aldrich, UK 1:50

TGFβ1 Abcam, UK 1:50

TGβ3 Abcam, UK 1:50

Pan cytokeratin Abcam, UK 1:50
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hSRY-F6 primer (GACAATGCAA TCATATGCTT CTGC), 
1.5 µl of the 1mM reverse hSRYB6 primer (CTGTAGCGGT 
CCCGTTGCTG CGGTG), and 40 µl of purified DNA. 
Cycling parameters were performed in a thermo cycler as fol-
lows: denaturation at 95 °C for 15 min; 35 cycles of denaturing 
at 95 °C for 1 min, annealing at 62 °C for 1 min and extension 
at 72 °C for 1 min; and final extension at 72 °C for 10 min. 
Genomic DNA extracted from placental tissue from a male baby 
was used as a positive control and DNA extracted from nullipa-
rous skin and DEPC-treated water were used as negative con-
trols to exclude any possibility of contamination or nonspecific 
amplification. The PCR product generated after the first reaction 
was then column purified using the Min Elute PCR purification 
kit (Qiagen) and DNA was eluted using 40 µl of DEPC-treated 
water.

Nested PCR was performed by adding the 40µl purified 
first round PCR product on the top of 30 µl PCR master mix 
prepared as described above, but this time using the hSRY-F1 

(CAGTGTGAAA CGGGAGAAAA CAGT) forward primer 
and the hSRY-B1 (GCACTTCGCT GCAGAGTACC GAAG) 
reverse primer. Nested PCR amplification was performed for 35 
cycles at the same conditions as described above. This strategy 
permits the amplification of specific sequences of DNA from a 
large complex mixture of DNA. Even if the wrong locus were 
amplified by mistake, it is very unlikely to be also amplified a 
second time by the second pair of primers. 15 µl nested PCR 
products were analyzed by electrophoresis using a 1.2% Agarose 
gel containing safe view dye, and visualized under UV light on a 
transilluminator.19,44
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