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Abstract

Background

Fibroblasts from different parts of the human body have been used in cell biology, drug dis-
covery and cell therapy studies. One of the most available sources of human �ibroblasts is
neonatal foreskin. Not only do these cells have wound-healing applications, but they are also
the most popular source for pluripotent stem cell biotechnology. Moreover, several studies
have indicated that different sources of �ibroblasts display similar features to mesenchymal
stem cells.

Objective

Generation and establishment of new human foreskin �ibroblast cell lines called Yazd human
foreskin �ibroblasts (YhFFs).

Materials and Methods

In this lab resources study, the production of 3 YhFF cell lines (YhFF#8, YhFF#17, and
YhFF#18) is reported. Their biological features were characterized using immuno�luores-
cence, polymerase chain reaction, and �low-cytometry for mesenchymal markers such as �i-
bronectin, vimentin, CD44, CD73, CD90, CD105, and hematopoietic markers CD34 and CD45.

Results

The YhFF cell lines were passaged more than 40 times and their normal karyotype was
checked using G-binding. Similarly to previous reports, the �low cytometry analysis revealed
that the YhFF cell lines displayed mesenchymal stromal cell characteristics.

Conclusion
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This study will contribute to the development of clinical-grade cell-based products such as
micro-vesicles and exosomes for future therapeutic applications in regenerative medicine.

Keywords:	Cell therapy, Fibroblasts, Mesenchymal stem/stromal cells, Human embryonic
stem cells, Micro-vesicles.

1. Introduction

Fibroblasts are elongated, spindle-shaped cells with high proliferative and migration poten-
tial. They are the major cellular parts of connective tissues with multiple biological functions.
They communicate with neighboring cells and tissues through secreting extracellular matrix
molecules, growth factors, cytokines, and chemokines (1). One of the human �ibroblasts is hu-
man foreskin �ibroblasts (hFFs) that can be isolated from neonatal and adult foreskin tissues.
These hFFs can be used as allogeneic candidates for wound healing, particularly in diabetic
cases in which skin �ibroblast generation is affected by the diabetes mellitus (2).

Following the �irst derivation of human embryonic stem cells (hESCs) in 1998 using mouse
embryonic �ibroblasts (3), hFFs have been used as a human source feeder layer (4, 5) to pre-
vent the risk of animal pathogen transmission to hESCs and their derivatives for future cell-
based therapeutic applications (6). Moreover, due to the production of the leukemia in-
hibitory factor by mouse embryonic �ibroblasts, these cells can support the generation and
expansion of mouse embryonic stem cells without adding exogenic leukemia inhibitory factor
to the culture (7). Furthermore, hFFs have been introduced as a highly ef�icient source for
generating induced pluripotent stem cells (PSCs) (8).

Interestingly, some reports have indicated that �ibroblasts display similar characteristic
markers to mesenchymal stem/stromal cells (MSCs) excluding the differentiation capacity
and colony formation capability (1, 9). In addition, exosomal therapy has paved a new ap-
proach in regenerative medicine using MSC sources (10, 11). Given the important role of dif-
ferent sources of human �ibroblasts, especially hFFs, herein we report our generation of Yazd
hFFs named YhFF cell lines (#8, #17, and #18) which have been used already to support Yazd
hESC line derivation and culture.

2. Materials and Methods

The chemicals were obtained from Sigma-Aldrich, Poole, UK and the culture medium and
supplements from Invitrogen, UK, unless otherwise stated.

Sample collection and patient information

In this lab resource study, 18 individual samples of human neonatal foreskin were collected
from Madar hospital, Yazd, Iran. The fresh samples were placed in 2 ml of Dulbecco's
Modi�ied Eagle Medium (DMEM) containing 10% foetal bovine serum (FBS) and antibiotics,
and coded to maintain anonymity, and then were transferred to the laboratory.

Preparation of neonatal foreskin samples
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The neonatal foreskin sample was washed in a Petri dish in DMEM/10% FBS/antibiotic and
minced into small pieces. The neonatal foreskin pieces were then treated overnight in 0.1%
collagenase type I in DMEM/10% FBS/antibiotic at 37 C in 5% CO � . Subsequently, cells were
recovered by aspiration and washed by centrifugation for 3 min at 200 g. The supernatant
was discarded and the pellet was recovered for the generation of YhFFs.

Establishment and banking of YhFFs

Some of the samples were used to generate skin derived precursor cells and keratinocytes.
Most of the neonatal foreskin derived cells were attached to the growing surface the day after
the initial cell seeding. Half of the culture medium was exchanged every 2 days. Initially, cells
were proliferated partially from cluster-like outgrowths and partially from single cell clones.
By day 4 of the culture, cell con�luency was around 85-90% ready for passaging. The YhFFs
were passaged enzymatically using Trypsin-EDTA, initially 1:2 into T25 �lasks. Then each T25
�lask of YhFFs was passaged 1:1 into the T75 �lask. The expansion of the YhFFs depended on
the proliferation rate. The cells were then passaged from 1:2-1:6 ratios. For the banking of
the cells, the slow freezing method using 10% dimethyl sulfoxide/90% FBS as a freezing solu-
tion was applied. Following disaggregation of the cells (at 85-90% con�luency in T75) and
centrifugation, 600 µl of freezing solution was added to the pellet and cells were transferred
into the 1 ml cryovials. Cryovials containing the YhFFs were transferred into Mr Frosty
(Thermo Fisher Scienti�ic, UK) and kept in a -80ºC freezer. The day after, the cryovials were
coded with the name of the cells and passage number with a date, and were placed in liquid
nitrogen tanks for the storage and banking of the cells. The location of the vials was recorded
in the freezing datasheets. The YhFFs were passaged more than 40 times, which indicated
that the YhFF cell lines are possibly immortal with unlimited proliferation capacity.

Cell proliferation assay

The cell proliferation assay was done by counting the cells before seeding and after harvest-
ing following the con�luency of the �lasks before the next passage. The proliferation rate of
the different YhFF cell lines at late passages (33-36) was calculated and compared.

Karyotype analysis of YhFFs

To investigate the chromosomal content of the YhFFs, the karyotype of the cells in metaphase
was determined using a standard G-banding procedure as explained elsewhere. Brie�ly, cells
were cultured in �lasks for 5-6 days. Following treatment with colchicine (10 μg/ml), har-
vested YhFFs were stained using a standard G-banding technique. G-bandings were analyzed
under light microscopy (Axiophot, Ziess, Germany) using applied spectral imaging software
(4).

Immunofluorescent localization of cell markers

The identi�ication of �ibronectin and vimentin was carried out using immuno�luorescent lo-
calization, as previously described (12-14). In summary, cells were washed twice for 5 min in
phosphate buffered saline (PBS) containing 1% FBS, followed by incubation in 0.1% Triton X
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in PBS for 5 min and then were incubated overnight at 4ºC with primary antibody. The day af-
ter, cells were washed twice in PBS and incubated with appropriate secondary antibodies for
1 hr at 37ºC. The preparations were covered with mounting medium (Vectashield; Vector lab-
oratories, USA) or PBS and examined by microscopy using phase contrast and appropriate UV
excitation optics. The details of the primary and secondary antibodies are listed in table IA.

Flow cytometry

Following the trypsin treatment of the YhFF cell lines at passage numbers 14 (YhFF#8) and
34 (all cell lines; YhFF#8, YhFF#17, and YhFF#18), the YhFFs were washed with PBS contain-
ing 0.5% FBS. Then, the cells were labelled with CD105, CD73, CD90 and CD44 (BD
Bioscience, San Jose, CA, USA) as primary antibodies for 30 min at 4 C, followed by incubation
with the appropriate �luorescent-conjugated secondary antibodies in the dark at 4 C for 60
min. The samples were analyzed on BD �luorescence-activated cell sorting Calibur (BD
Bioscience, New Jersey, USA). Data analysis was performed using the FlowJo 7.6 software.

RNA isolation, cDNA production, and reverse transcription polymerase chain reaction (RT-

PCR)

Similar to research by Akyash and co-workers, the YhFFs from the different lines (#8, #17,
and #18) at passages 14 and 24 were collected. Total RNA was extracted after suspending the
resulting pellets in 500 μl of TRI reagent (Sigma, USA) according to the standard protocol
provided by the manufacturer. Total RNA was treated with DNase I (Thermo�isher, USA) to re-
move genomic DNA. First-strand cDNA was synthesized using cDNA synthesis kit
(Thermo�isher, USA) and PCR was performed using prepared cDNA and primers of different
genes (Table IB) by Taq 2x Master Mix Red 1.5 mm MgCl2 (AMPLIQON, Denmark). For PCR,
samples were annealed for 5 min at 95 C for initial denaturation, followed by 40 cycles of 30
sec at 95 C, 30 sec at 58-60 C (Table IB), and 30 sec at 72 C. Finally, the PCR products were
identi�ied in 2% agarose gel electrophoresis (4).
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Table 1

List of the antibodies and primers

A Primary	antibody Secondary	antibody

Fibronectin 1:200 Abcam

ab6328

Anti-mouse IgG

(FITC)

<1:100

Vimentin 1:100 Millipore

AB5733

Anti-mouse IgG

(FITC)

<1:100

B Primers

Gene Forward	primer Reverse	primer <Annealing

temperature

(	∘	C)

bFGF CCAGAAAACCCGAGCGAG GGCGTCACATCTTCTACATCTC 58

FN1 AGGAAGCCGAGGTTTTAACTG AGGACGCTCATAAGTGTCACC 58

VIM TCTATCTTGCGCTCCTGAAAAACT AAACTTTCCCTCCCTGAACCTGAG 58

�	2M AGATGAGTATGCCTGCCGTG TGCGGCATCTTCAAACCTC 60

FN1: Fibronectin, VIM: Vimentin, bFGF: Basic �ibroblast growth factor, �	2M: Beta-2 microglobulin

Ethical considerations

The study protocol has been approved by the Shahid Sadoughi University of Medical Sciences
Ethics Committee, Yazd, Iran (Code: IR.SSU.REC.1394.103). All participants were asked to
complete the informed consent form.

3. Results

Generation of YhFF cell lines

18 neonatal foreskin samples were used to derive different cell types (keratinocytes, skin
derived-precursor cells and �ibroblasts). From 3 different neonatal foreskin samples, 3 �i-
broblast cell lines (YhFF#8, YhFF#17 and YhFF#18) were established. Initially, within the
cultures, some clusters (Figure 1A) similar to those which are claimed to be putative pluripo-
tent male germ line stem cells (9) were observed which later, following several passaging,
formed more mesenchymal stromal phenotype (Figure 1B and 1C).

YhFFs as a feeder layer to support Yazd hESC lines

YhFFs were used as a feeder layer for the derivation and expansion of the Yazd hESC lines (4).
Initially the Yazd hESC lines were derived from mouse embryonic �ibroblasts and then later,
they (Yazd1-3) were expanded on the YhFFs (Figure 1D). Moreover, YhFF#8 was used for the
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derivation of new hESC lines (Yazd4-7) in xeno-free condition. From our experience, Yazd
hESCs were less stressed on YhFF#8 as a feeder layer in culture. Both microdrop culture and
open culture systems in well and �lask scales were applied to the culture of the Yazd hESCs on
YhFFs (4).

The genetic content stability of the YhFF cell lines was examined using standard chromoso-
mal G-banding staining, which showed normal male karyotype of the cells (Figure 2A). The
population duplication rate (Figure 2B) of the cell lines (YhFF#17 and YhFF#18) was exam-
ined during 5 days of culture in which there was not a signi�icant difference in the prolifera-
tion rate of the cell lines.

Mesenchymal stromal characteristics of the YhFFs

The cultures of proliferating YhFFs showed expression of �ibronectin (Figure 3A-C) and vi-
mentin (Figure 3D-F). The �low cytometry data from passage 14 of YhFF#8 indicated similar
characteristics of these cells to the MSCs given that the cells showed a high expression ratio of
CD105, CD73, CD90, and CD44 markers (Figure 4).

The �low cytometry analysis revealed that the YhFF cell lines displayed similar characteristics
as MSCs at passage number 34 (Figure 5).

The RT-PCR gene expression pro�ile of the different YhFF cell lines at passage 24 was as-
sessed. To check the supportive role of the YhFFs in their high passage number (P24) for cul-
turing hESCs, the expression of bFGF	with	VIM	and	FN1 was checked and detected using RT-
PCR (Figure 6).
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Figure 1

Establishment and propagation of YhFFs: Outgrowths of YhFFs from human neonatal foreskin samples fol-

lowing enzymatic treatments. Initially, some cells were proliferated from the cluster-like structure (A) and

some were single cells (B). Following 3-5 days, �lasks become con�luent and ready for passage (C).

Mitotically inactivated YhFFs were used as human feeder layer (D) for culturing Yazd hESCs (4). Scale bars:

A = 50 µm, B and C = 200 µm, D = 100 µm.

Figure 2

G-banding analysis for YhFF cell lines indicated the normal karyotype (46, XY) for all the cell lines at pas-

sage 34 (A). The multiplication rate of YhFFs at late passages (P33-P36) indicated that YhFF#8 cells had a

good proliferation rate even in their late passages without signs of senescence (B).
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An external �ile that holds a picture, illustration, etc. Object name is ijrb-20-519-g003.jpg

Figure 3

Immuno�luorescence staining: Following cell proliferation, immuno�luorescence staining indicated that

FN1 and VIM were expressed by the YhFFs #8 P14. Scale bars = 200 µm.

An external �ile that holds a picture, illustration, etc. Object name is ijrb-20-519-g004.jpg

Figure 4

Flow cytometry analysis of YhFF#8 showed that more than 99% of the cells expressed CD44, CD105, and

CD73 at passage 14.

An external �ile that holds a picture, illustration, etc. Object name is ijrb-20-519-g005.jpg

Figure 5

Flow cytometry analysis of the YhFF cell lines at passage number 34 showed cell characteristics similar to

MSCs given the expression of CD44, CD105, CD73 and CD90 by the majority of the cells in the culture at late

passage. The YhFFs did not express the hematopoietic markers CD34 and CD45.

An external �ile that holds a picture, illustration, etc. Object name is ijrb-20-519-g006.jpg

Figure 6

Reverse transcription polymerase chain reaction data: Gene expression pro�ile of the YhFFs after passage

24 showed that all the cell lines expressed bFGF with FN1 and VIM.

4. Discussion

Human �ibroblasts will play critical roles in future cell therapy applications using PSCs. To use
hESCs and their derivatives in clinics, human �ibroblasts and especially hFFs are the best can-
didates as the human source feeder layer to keep the hESCs undifferentiated (5).
Furthermore, for the generation of human induced pluripotent stem cells (hiPSCs) as the
other counterpart of PSCs, human �ibroblasts are the best available source for reprogram-
ming (8).
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In this work, 3 new hFF cell lines called Yazd hFFs (YhFF#8, YhFF#17, and YhFF#18) were
produced. These cells have been used as a human source feeder layer to support Yazd hESC
lines (Yazd1-3) in culture (4). Moreover, YhFFs were used to generate new Yazd hESCs
(Yazd4-7) in xeno-free culture conditions. YhFFs are used for the generation of hiPSCs and so
far, initial outgrowths of Yazd hiPSCs have been generated. Further expansions and character-
ization assessments of hiPSCs are in progress. YhFFs have been passaged more than 30 times
while showing signs of unlimited proliferation capacity and immortalization. Interestingly,
YhFFs have supported different passage numbers to keep the Yazd hESC lines proliferating
while undifferentiated.

In the current study, the gene and marker expression of YhFFs were examined using different
techniques. Fibronectin and vimentin, which are involved in cell motility and mobility (12,
15) as well as being characteristics of mesenchymal cells, were detected in YhFFs using im-
muno�luorescence and RT-PCR. Several reports have shown the similarities between human
�ibroblasts and MSCs especially in their gene and marker expression pro�iles (1, 9, 16). The
�low cytometry data con�irmed that the YhFFs also expressed mesenchymal markers such as
CD44, CD73, CD90, and CD105 in P14 and CD44, CD105, CD73, and CD90 markers in P34.
YhFFs have already been used in our previous studies as a control group to test the mes-
enchymal properties of other cell types (17). Moreover, YhFFs have also been used as a feeder
layer for the derivation and culture of Yazd hESCs (4). Additionally, YhFFs have shown that
they have the capacity for reprogramming.

YhFFs were generated successfully and displayed similar characteristics to MSCs in gene and
marker expression pro�ile. Moreover, these cells were shown to be good candidates for PSC
biotechnology. Further studies are being carried out using YhFFs to investigate their potential
in future wound healing and exosome therapy applications.

5. Conclusion

3 hFF cell lines (YhFF#8, YhFF#17, and YhFF#18) were produced in this lab resources
project which can be used in different in vitro and in vivo studies. Their derivatives such as
conditioned medium, exosomes, and extracellular vesicles have regenerative medicine appli-
cations. Ultimately, this study will contribute to the derivation of clinical-grade cell-based
products such as micro-vesicles and exosomes for future therapeutic applications in regener-
ative medicine.
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