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Background and Objectives: The purpose of this first of its kind study was to analyse the growth, development and 
attachment of cultured human umbilical cord stem cells alone or supplemented with basic Fibroblast Growth Factor 
(bFGF) on both healthy and periodontally diseased tooth surfaces in vitro.
Methods: Four groups of 12 root surface scaffolds each were classified as Group I- healthy root surfaces; Group II- 
periodontally diseased; Group III- Healthy with bFGF and Group IV- periodontally diseased root with bFGF. bFGF 
was applied in the concentration of 8 ng/ml on to the surface followed by incubation of cultured human umbilical 
cord stem cells (hUCMSCs) on the scaffolds .Scanning electron microscopy observations were made on 14th and 21st 
days to assess the proliferation and morphology of cells attached on the tooth surface.
Results: Cultured hUCMSCs demonstrated adhesion to tooth root scaffold. All the groups showed a significant increase 
in the number of cell attachment from 14th day to 21st day. The groups with bFGF showed a significant increase 
in attachment of cells when compared to the groups without bFGF. The cells showed an increase in number of flat 
cells from 14th day to 21st day in all the groups indicating an increased maturity of cells. Periodontally diseased 
groups had less maturity of cells than healthy groups. The groups supplemented with bFGF, had more mature cells 
than the groups without bFGF.
Conclusions: hUCMSCs have the propensity to differentiate into cells that have the capacity to bind to root surfaces. 
hUCMSCs incubated with bFGF showed better proliferation and attachment to tooth root surfaces. The role of 
hUCMSCs can be further explored for periodontal regeneration.
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Introduction 

  Stem cells, directed to differentiate into specific cell types, 
offer the possibility of a renewable source of replacement 
cells and tissues to treat diseases (1). Periodontium has 
limited capacity for regeneration in early phases of the 
disease (2) because of the lack of robust stem cells. In such 
a scenario exogenous regenerative ‘tools’ such as ex vivo 
expanded/manipulated stem cells can be used to replenish 
the host cell niche and facilitate tissue regeneration (3). 
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Human bone-marrow-derived Mesenchymal Stem Cells 
(BM-MSCs) that are extensively used in regenerative ap-
proaches require a highly invasive harvest procedure and 
the frequency, proliferation efficiency and differentiation 
potential of BM-MSCs decline with age.
  Foetal or neonatal MSCs appear to be more primitive 
and have greater multi-potentiality than their adult coun-
terparts and can thus be considered as an alternative 
source of MSCs. The umbilical cord, which is discarded 
at birth, can provide an inexhaustible source of stem cells 
through a non-invasive, painless and ethically non-
controversial collection procedure. The umbilical cord 
-derived MSCs (hUCMSCs) are more primitive and have 
faster proliferation rates, wide multi-potency and greater 
expansion capability compared with adult MSCs and do 
not induce teratomas (4). Their intermediate state between 
adult and embryonic stem cells also makes them an ideal 
candidate for reprogramming to the pluripotent status. 
The arena of tissue engineering for regeneration requires 
a scaffold, cells and growth factors. Basic fibroblast growth 
factor (bFGF) is a potent mitogen for mesenchymal cells 
and is also known to induce angiogenesis, chemotaxis and 
proliferation of periodontal ligament cells. bFGF has suc-
cessfully regenerated periodontal tissues, harnessing the 
ecto-mesenchymal origin of the periodontium and the 
presence of undifferentiated mesenchymal cells in the pe-
riodontal ligament of adults (5). A regenerative approach 
that combines the advantages of both hUCMSCs and 
bFGF can prove beneficial in the management of perio-
dontal defects.
  To the best of our knowledge the role of hUCMSCs in 
the field of periodontal regeneration has not been ex-
tensively researched and no studies have evaluated the 
proliferative/adhesive property of hUCMSCs to root 
surfaces. Hence in a first of its kind attempt, the capacity 
of hUCMSCs alone and under the influence of bFGF to 
differentiate and adhere onto periodontally healthy and 
diseased tooth root surfaces has been evaluated.

Materials and Methods

Isolation and culture of Human Umbilical Cord Stem 
Cells
  The research protocol was approved by the institutional 
ethical board and review committee of Krishnadevaraya 
College of Dental Sciences, affiliated to Rajiv Gandhi 
University of Health Sciences, Bangalore for human sub-

jects and the study was conducted in accordance with the 
Helsinki Declaration of 1975, as revised in 2000. The 
study protocol was explained to the expectant mothers and 
a written consent was obtained. Fresh human umbilical 
cords were obtained from informed healthy mothers in 
hospitals at the time of delivery, after birth and collected 
in phosphate buffered saline solution (6). The cords were 
rinsed twice in phosphate buffered saline in penicillin and 
streptomycin, and the cord blood was removed during this 
process. The washed cords were cut into 1-mm2 pieces and 
floated in low-glucose Dulbecco’s modified Eagle’s me-
dium containing 10% foetal bovine serum. The pieces of 
cord were subsequently incubated at 37oC in a humidified 
atmosphere consisting of 5% CO2. Non-adherent cells 
were removed by washing. The medium was replaced ev-
ery 3 days after the initial plating. When well-developed 
colonies of cells appeared after 10 days, the culture were 
trypsinized and passaged into a new flask for further ex-
pansion (Fig. 1A). All of the infused umbilical cord mes-
enchymal stem cells were derived from passages 2∼5, 
with rigorous purification and quality control (7). 
UCMSC cellsurface markers were examined using flow 
cytometry. Cultured UCMSCs showed strong positive 
staining for CD73, CD44, CD105 and CD 90 (Fig. 1B).

Root slice preparation
  48 scaffolds were collected for the study. 24 perio-
dontally diseased scaffolds were obtained from teeth with 
proximal attachment loss of ≥7 mm that were indicated 
for extraction due to poor prognosis. 24 healthy scaffolds 
were obtained from teeth indicated for orthodontic ex-
traction/surgical dis-impaction from non-smoker and sys-
temically healthy patients. Teeth with root caries or root 
restorations, root surface abrasions, fracture, demineral-
ized root surfaces, patients who have undergone scaling 
and root planning or any other type of regenerative perio-
dontal therapy 6 months prior to the initial examination 
were not included in the study.

Specimen preparation, sectioning and sterilization
  Extraction was performed without traumatizing regions 
of interest on the root surfaces. The root surfaces were 
planed with scalers and curettes* to remove any soft con-
nective tissues. All the pulpal tissues in root canals were 
removed with files†. Test specimen of size 16 mm2 (4 
mm×4 mm) and thickness of 2 mm were prepared. The 
specimens were then sterilized by autoclaving and kept in 

*Hu Friedyscalers and curettes (Chicago, IL)
†Hedstrom and Reamer files (Dentsply)
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Fig. 1. Wharton's jelly derived human umbilical cord stem cells. (A) Immature hUCMSCs seen as oval/spindle shaped cells in the 3rd

passage. (B) Flow cytometry analysis of hUCMSCs after 3 passages of culture showed positive staining for typical mesenchymal markers
(CD90, CD105, CD44, CD73).

saline at 4oC until further use (6).
  The samples were distributed into 4 groups (12 speci-
mens per group)
  GROUP-I: hUCMSCs were added to healthy root sub-
strate
  GROUP-II: hUCMSCs were added to periodontally dis-
eased root substrate
  GROUP-III: hUCMSCs and bFGF were added to 

healthy root substrate
  GROUP-IV: hUCMSCs and bFGF were added to perio-
dontally diseased root substrate

Preparation of bFGF-2
  bFGF-2‡ was reconstituted by dissolving it in distilled 
water as per the manufacturer’s guidelines. A stock sol-
ution was prepared and kept at −4oC until use. 10 μg 

‡Genxbio Health Sciences Pvt Ltd, Delhi, India
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of bFGF was mixed in 100 μl of distilled water. 10 μl 
Stock solution of bFGF-2 was then prepared with 1μg of 
growth factor. This solution was then diluted by 100 times 
to get 1000 μl (1 ml) of stock solution with 1 μg (1,000 
ng) of growth factor. Thus a concentration of 1 ng/1 μl 
of stock solution was prepared, of which 8 μl was used 
for each ml of media (8).

Cell seeding 
  Scaffolds were placed in a petridish with the culture 
media. Cultured hUCMSCs (Fig. 1) from cell passages 2-5 
were pipetted out and seeded onto the scaffolds of all 
groups at a density of 1×105 per sample (6). For Groups 
III and IV, bFGF was supplemented to the culture media 
before seeding the cells on the scaffolds. Medium was re-
placed every 3 days after initial plating. The human um-
bilical cord mesenchymal stem cells were cultured on the 
substrates.

Preparation of teeth for SEM Analysis
  Following incubation for the selected time period, scaf-
folds were gently withdrawn from the tissue culture plates. 
The substrates were prepared for SEM analysis. Specimens 
were fixed in 3% Glutaraldehyde in ice cold Phosphate 
Buffered Saline for 30 minutes. Further these were im-
mersed in 70% Ethyl alcohol for 30 mins. This was fol-
lowed by immersion in 100% ethanol for 2 hrs. Ethanol 
was discarded and specimens were again fixed in 100% 
fresh ethanol overnight. Next day they were kept in fresh 
solution of 100% ethanol for 1 hour. This was followed 
by immersion in amyl acetate solution for 2 hours 
Specimens were then critical point dried with liquid CO2 
(6). Gold sputtering§ was done just prior to SEM Analysis. 
Once processing was completed, scaffolds were placed in 
SEM** for viewing and photographing at ×500. A grid 
was placed over the images, to facilitate cell counting, re-
peated cell counts of the number of cells attached to the 
tooth surface were performed by a blinded observer and 
each photograph had 5 representative areas, one central 
and 4 peripheral. In addition the morphology of in-
dividual cells were assessed at a magnification of ×500 
and were scored using a scale from 1 to 4, where 1=flat 
cells, 2=combination of oval or round and flat cells, 
3=oval cells and 4=round cells (9). The parameters that 
were assessed and compared between the groups were 
number of cells on the scaffold and the morphological 
score of the adhereing cells.

Statistical Analysis
  The Students ‘t’ test was used to determine whether 
there was a statistical difference between Control and 
Study group in the parameters measured. One way analy-
ses of variance with Tukey’s post hoc test were used to 
determine the difference of group wise comparisons.

Results 

  The purpose of this present study was to determine the 
ability of hUCMSCs to differentiate into cells either in the 
presence or absence of bFGF and its ability to adhere to 
scaffolds derived from periodontally diseased and healthy 
root surfaces of human teeth in vitro at two different time 
periods (Day 14 and Day 21).

Cell proliferation assay
  ANOVA was done to compare the attachment of cells 
on all the four groups to test the null hypothesis. The ‘p’ 
value was less than 0.05 which signifies that the null hy-
pothesis being tested in the study, that umbilical cord 
stem cells differentiate into fibroblasts or fibroblast like 
cells and attach to the root surfaces, is accepted and all 
the groups show attachment of cells. Group I, Group III 
and Group IV showed a significant increase in the attach-
ment of cells from 14th to 21st day (’p’ value 0.02, 0.03 
and 0.001 respectively). In group II, there was increase in 
attachment of cells from 2.2 cells/unit area to 3.4 cells/ 
unit area, from Day 14 to Day 21 (Graph 1).
  On day 14 when all the groups were compared by 
ANOVA ‘F’ test, a statistically significant ‘p’ value of 
0.013 was achieved. There was a statistically significant in-
crease of cells in Group-III as compared to Group-I with 
a ‘p’ value of 0.04. When Group-I was compared with 
Group-II and Group-IV, statistically insignificant results 
with ‘p’ value of 0.98 and 0.06 respectively. Comparison 
of Group-II with Group-III and IV gave statistically insig-
nificant result with ‘p’ value of 0.07 and 0.12. Comparison 
of Group III and IV had a ‘p’ value of 0.99 which was 
statistically not significant (Graph 1, Fig. 2).
  On Day 21 when all the groups were compared by 
ANOVA ‘F’ test, a statistically significant result of ‘p’ val-
ue of 0.003 was achieved which implies that all the groups 
showed attachment of cells. A statistically significant in-
crease in attachment of cells was seen in Group-III and 
Group-IV as compared to Group-II with a ‘p’ value of 
0.009 and 0.004respectively. Comparison of Group-III and 

§J.F.C. 1100 JEOL
**FEI Quanta 200, Scanning Electron Microscope, USA
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Fig. 2. SEM analysis at 500X magni-
fication showing cellular morphol-
ogy on Day 14. (A) 14th Day scaffold
for Group I showing presence of 
spindle shaped cells (white arrow). 
(B) 14th Day scaffold for Group II 
scaffold depicts round cells (white 
arrow). (C) 14th Day scaffold for 
Group III shows presence of spindle
shaped cells (white arrow). (D) 14th

Day scaffold for Group IV shows 
presence of spindle shaped cells 
(white arrow).

IV gave a ‘p’ value of 0.98 and this did not show a statisti-
cally significant result, When Tukeys test was done to 
compare Group-I with Group-II, III and IV, statistically 
insignificant result was seen with ‘p’ value of 0.3, 0.3 and 
0.17. (Graph 1, Fig. 3).

Cell morphology assay
  In group I significant difference with a ‘p’ value of 0.014 
was seen showing a decrease in morphology score from 
14th to 21st day. In group II reduction in mean score was 
seen from 1.1 to 0.8 from Day 14 to Day 21 suggesting 
change of morphology from round to flat. Reduction of 
score from 1.2 to 0.93 was seen in group III. Group IV 
showed reduction in score from 1.06 to 0.9 indicating con-
version to a more mature flat morphology of fibroblast 
(Graph 2).
  On day 14 the mean score of morphology of the cells 
in Group-I was 1.6, in Group-II 1.1, Group-III showed 1.2 
and Group-IV showed 1.06 (Fig. 2). On day 21 the mean 
score decreased for all the groups. The mean score for 
Group-I was 0.9, Group-II was 0.8, Group-III had 0.93, 

and Group-IV had 0.9.This implies maturation of cells 
from 14th day to 21st day (Graph 2, Fig. 3).

Discussion

  Regeneration requires the formation of new cementum 
on root surface, new alveolar bone and periodontal liga-
ment fibres making functional connection between the two 
mineralized tissues Adhesion of cells to the root surface 
is one of the essential processes along with cell migration 
for an oriented and functional attachment (8). BM-MSCs, 
and embryonic stem cells (ESCs) have demonstrated the 
possibility of creating dental tissue replacements from 
non-dental stem cells by imitating embryonic development 
mechanisms. MSCs have been procured from human de-
livery wastes, such as cord blood, umbilical cord tissue 
and placenta (10). bFGF serves as a potent mitogen and 
elevates the level of cyclin D protein and cyclin dependent 
kinase, which drives the cells into S phase (10), thus mod-
ulating the hUCMSCs population growth kinetics. 
  Hence the primary objective of the study was to assess 
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Fig. 3. SEM analysis at 500X magni-
fication showing cellular morphol-
ogy on Day 21. (A) 21st Day scaffold
for Group I showing cells with flat
morphology (white arrow). (B) 21st

Day scaffold for Group II shows 
cells with flat morphology (white ar-
row). (C) 21st Day scaffold for Group 
III show cytoplasmic processes of 
cells (white arrow). (D) 21st Day 
scaffold for Group III show cytoplas-
mic processes of cells (white arrow).

the proliferative capacity of hUCMSCs with and without 
bFGF and the attachment of these cells to tooth root 
surface. There are no previous studies reported in the sci-
entific literature that have evaluated the propensity of 
hUCMSCs to differentiate into cells that attach to tooth 
root surfaces. 
  The osteogenic, adipogenic potential and immunosup-
pressive activity of these cells is not altered by bFGF (10). 
Infact bFGF supplementation encourages BM-MSCs dif-
ferentiation to osteogenic and adipogenic phenotype and 
enhances the immunosuppressive activity (11, 12). bFGF 
also preserves the primitive status of hUCMSCs, reduces 
cell death, decreases the secretion of Vascular Endothelial 
Growth Factor and MMP-3 (10). 
  One of the primary pre-requisites of optimum perio-
dontal regeneration is to increase the cellular machinery 
i.e., the MSC directly in sites that requires regeneration 
(13). hUCMSCs have great proliferative potential and can 
differentiate into different cell types depending on the in-
ductive media (14).
  Attachment of cells to the root surface is very important 

to obtain newly formed periodontal ligament which is a 
non-mineralised connective tissue between two mineral-
ised tissues i.e. bone and cementum (15). In a study done 
by Inac et al. 2009 that evaluated the in vitro differ-
entiation of human embryonic stem cells on tooth surface 
(8) a formation of soft - hard tissue relationship in close 
contact areas was noted. ESCs acquired fibroblast like 
morphology, formed tissue like deposits on cementum sur-
faces and occasional embryonic body like structures. 
  Li et al. 2013 successfully isolated cells from Wharton’s 
jelly of umbilical cord, principally exhibiting a fibroblast 
like morphology (14). These cells expanded rapidly reach-
ing 80∼90% confluence in 19 days. In groups supple-
mented with bFGF, increased number of cell proliferation 
was seen. This further reiterates the important role played 
by bFGF as an inductive media in propelling hUCMSCs 
into a more committed lineage of differentiation. This role 
of bFGF in inducing the proliferation of fibroblast or fi-
broblast like cells has also been noted by Ramasamy. He 
also mentioned that bFGF preserves the primitive status 
of UCMSC by increasing expression of NANOG, Sox2 and 
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Fig. 5. Graph showing morphologic analysis assessment between 
all the groups on Day 14 and Day 21. A lesser score with more
number of flat cells was seen in day 21.Fig. 4. Graph showing the difference in cellular counts on Day 14

and Day 21 in all the groups. Student ‘t’ test done to evaluate the
number of adherent cells on root specimens in all groups between
14th and 21st day. Day 21 day showed a higher number of cell 
attachment. Data significant when ‘p’ value＜0.05.

Rex1 transcription factors (10).
  When Paired ‘t’ test was done to assess proliferation of 
cells from day 14 to day 21, all the groups showed a sig-
nificant increase in attachment of cells, suggesting the 
high proliferative capacity of hUCMSCs. The proliferated 
cells also demonstrated the ability to attach to tooth root 
surface as initially hypothesised in the study. On day 14, 
when Group I was compared with Group III, Group III 
showed a significant increase in attachment of cell number 
in accordance with the studies done by Hagmann et al and 
Ramasamy et al. (10, 16) Increase in attachment of cells 
was also seen in Group IV as compared to Group II, show-
ing the mitogenic and proliferative effect of fibroblast 
growth factor (Fig. 4) (17).
  On day 21, similar results were seen. Group III and 
Group IV showed significantly higher attachment of cells 
than Group II. Both these groups were under the in-
ductive influence of b FGF.
  On day 14, when Group III was compared with Group 
IV there was a decrease in attachment of cells in perio-
dontally diseased root surfaces (Group IV). This could be 
attributed to the presence of rough surfaces with sharp 
edges of the periodontally diseased surfaces, due to pres-
ence of calculus and debris that could damage the cell 
membranes leading to diminished cell viability (18). 
Similar observation was seen on day 21 with more number 
of cells attached in Group I than Group II. The increased 
number of cells in Group I may be explained by the root 
surface biocompatibility of healthy tooth root surfaces as 
compared to diseased tooth surfaces. The decreased cel-

lular adhesion to diseased root surface is similar to a study 
conducted by Belal et al. 2006 where the effectiveness of 
PDGF-BB application on periodontally diseased root sur-
faces was assessed through attachment and growth of fi-
broblast cells. The diseased group showed the least num-
ber of cell attachment as compared to the healthy and 
scaling and root planing group. The presence of rough 
blebs and some debris on the root surfaces of diseased 
samples may hinder PDL fibroblast cell attachment and 
growth, and thus explained the presence of incompatible 
root surfaces in this group (6).
  When comparison between Group I and Group II was 
done, increased attachment of cells was seen in Group II 
on day 14 and comparison between Group III and Group 
IV showed profound cell attachment in Group IV on day 
21. Procedural effects- such as solutions or sterility of 
slides maybe responsible for this difference, as also noted 
by Gamal et al. 1998 (9). Some samples even showed mi-
crobial contamination which might have prevented the at-
tachment of cells and it was decided not to count speci-
mens without cell growth.
  It is important to understand the morphological changes 
that occur during the growth and maturation of cells on 
a suitable biocompatible substrate. Flat cells with numer-
ous attachment extensions and lamellipodia are generally 
firmly attached and round cells are poorly attached (19).
  In the current study, all the groups showed presence of 
round and oval cell morphology on day 14. Cells isolated 
from the Wharton’s jelly displayed a typical fibroblast like 
morphology which is in accordance with Li et al. (14). 
However, Group I had the maximum mean score of 1.6 
suggesting highest percentage of round and oval cells, fol-
lowed by Group III with a mean score of 1.2 which sug-
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gests the presence of more of flat cells. Similarly, there 
was a lesser score for Group II, which was 1.1 suggesting 
more of round or oval cells as compared to a score of 1.06 
for Group IV showing more number of flat cells, suggest-
ing the positive influence of bFGF on the differential po-
tential of cells (Fig. 5). Studies have demonstrated that 
human Dental Pulp Cells when cultured with the medium 
containing bFGF, were highly proliferative and capable of 
differentiating in vitro into osteoblasts, chondrocytes, and 
adipocytes (20). Stem cells from the apical papilla (SCAP) 
a type of mesenchymal stem cells found in the developing 
tissue, apical papilla, of immature permanent teeth when 
expanded in the presence of bFGF for 1 week in sub-
sequent stimulation of the osteogenic/dentinogenic con-
dition resulted in enhanced differentiation (21).
  On day 21, most of the cells in all the groups showed 
flat morphology with similar mean scores, which indicates 
that the cells proliferated into mature cells in 21 days. 
  Hence it can be concluded that hUCMSCs can differ-
entiate into cells and attach on tooth surfaces and the sup-
plementation with bFGF enhances the proliferation and 
attachment of the cells. The morphology of these cells are 
similar to fibroblasts and show increase in maturity with 
addition of bFGF.

Conclusion

  Previous studies have reported that human umbilical 
cord tissue demonstrates the advantages of providing an 
abundant supply of cells from donors via a non-invasive 
procedure with a low risk of infection and can therefore 
be considered an attractive alternative source of MSCs. 
hUCMSCs can differentiate into cells that possess the fi-
broblast-like morphology, non-hematopoietic cell surface 
phenotypes, low immunogenicity, and multipotent differ-
entiation ability. Therefore, MSCs obtained from human 
umbilical cord tissue may serve as a rational candidate cell 
source for tooth regeneration research. Signalling mole-
cules are another important element in periodontal 
regeneration. Growth factors when added can modulate 
many cellular activities, including cell differentiation and 
proliferation, cell migration and extracellular matrix syn-
thesis and production. bFGF is one such bioactive agent 
that can promote periodontal regeneration. Although there 
are many challenges ahead of us in terms of utilizing stem 
cells for tissue regeneration, hUCMSCs are one of the 
most promising postnatal stem cell populations for tissue 
repairing and regeneration.
  Future research can be targeted at characterization of 
these differentiated cells and better define their role in pe-

riodontal regeneration. Other signalling molecules related 
to osteogenesis also can be studied in combination with 
hUCMSCs. The propensity for this promising cellular ma-
chinery hUCMSCs, in periodontal regeneration needs to 
be further researched.
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