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Abstract
To investigate biological processes of the periodontium, in vitro primary cell models have been established. To study the 
biology of the gingiva, primary gingival fibroblast cell models are widely used. For such experiments, cells need to be 
expanded and passaged. A key assumption is that primary cells maintain most of their original characteristics they have 
in situ. The aim of this research is to explore the impact of early passaging on selected gene expression of human gingival 
fibroblast cells. For this purpose, gene expression from the outgrowth of the resected tissues until the fourth passage was 
followed for nine tissue samples, from both healthy and diseased sites. Micrographs were taken from the cultures, RNA 
was extracted from the samples of each passage and quantitative PCR was performed for selected genes representing vari-
ous biological processes. Epithelial cells were present during the first outgrowth, but were no longer present in the second 
passage. Our results indicate that the morphology of the gingival fibroblast cells does not change with passaging and that 
passages 2–4 contain only gingival fibroblasts. Gene expression of M-CSF, TNF-α, TLR4, POSTN and FAPα was unchanged 
by passaging, the expression of IL-6, IL-1β and TLR2 decreased due to passaging and the expression of in particular the 
selected osteogenesis genes (ALP, RUNX2, Osteonectin, COL1A), OPG and MKI67 increased with passaging. Worldwide, 
use of the same passage in laboratory experiments using primary cell cultures is the standard. Our results support this, since 
for certain genes, in particular osteogenesis genes, expression may alter solely due to passaging.
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Introduction

Periodontitis is a plaque-related inflammatory disease of the 
tooth-supporting structures, which affects about 42% of the 
dentate of US adults aged 30–79 years in a moderate form 
[1] and 11.2% of the global population in a severe form [2]. 
The main characteristic of periodontitis is bone loss due 
to an enduring inflammation, which can ultimately lead to 
tooth loss [3–5].

Periodontitis starts as a disbalance between the host 
immune response and the bacterial load. The initially 
protective inflammatory response toward the bacteria can 
become a chronic, non-resolving inflammation [6–8]. This 
non-resolving inflammation further activates several inflam-
matory cascades, which result in production of many, poten-
tially damaging, cytokines, such as interleukin-1β (IL-1β), 
tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), 
and others [9]. The expression of these pro-inflammatory 
cytokines and mediators during inflammation influences 
the interplay between osteogenesis and osteoclastogen-
esis; pro-inflammatory cytokines such as IL-1β and TNF-α 
increase the production of receptor activator of nuclear fac-
tor kappa-Β ligand (RANKL), which regulates the osteo-
clast differentiation and function via binding on its receptor 
RANK [10]. Next, such inflammatory cytokines can also 
induce osteoclast formation in a direct manner [11, 12]. An 
increase of the ratio of RANKL to osteoprotegerin (OPG), 
a cytokine that binds to RANKL to prevent the activation of 
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the RANK, contributes to the bone loss that is seen in peri-
odontitis [13, 14]. In a healthy situation, osteoclastogenesis 
is counterbalanced by osteogenesis. Following bone resorp-
tion, osteoblasts are recruited to the site, where they secrete 
and mineralize new matrix. Osteoblasts are derived from 
undifferentiated mesenchymal cells. The protein runt-related 
transcription factor 2 (RUNX2) serves as an early osteogen-
esis marker and is a key transcription factor associated with 
osteoblast maturation [15]. The production of the enzyme 
alkaline phosphatase (ALP), a protein required for mineral 
deposition, is initiated by the mature osteoprogenitor cells 
and is therefore used as an intermediate osteogenesis marker 
[16]. Once the mature osteoblasts are active, they secrete a 
matrix containing collagen type 1 and several growth factors 
and continue with the deposition of osteoid [16]. Osteonec-
tin is a late osteogenesis marker, initiating mineralization 
and promoting mineral crystal formation [17]. During the 
inflammatory condition of periodontitis, the ratio of osteo-
clastogenesis to osteogenesis is disturbed and leans toward 
the former.

To explore these intricate biological interactions, elegant 
in vitro models have been established [18, 19]. Relevant cell 
systems have been used to investigate the interplay between 
osteogenesis, osteoclastogenesis, and resident cells of the 
periodontium, such as gingival fibroblasts [20, 21], perio-
dontal ligament fibroblasts [22, 23], and alveolar bone cells 
[24–26]. For these assays, primary cells of passage 3–7 are 
typically used. Biologically relevant parameters that have 
been studied are the responses of gingival fibroblasts to bac-
teria or bacterial products [18–21, 23] and their capacity to 
contribute to osteogenesis [20, 26, 27] and osteoclastogen-
esis [20, 22, 26].

Due to the limited amount of periodontal tissues that can 
be obtained, cells are often expanded after the initial out-
growth over several passages to obtain a sufficient cell num-
ber [27]. The impact of the number of times that primary 
cells have been passaged can be complex and most likely 

dependent on multiple factors, such as the source of primary 
cells, the culture conditions, and the intended use of the 
cells [28]. Eventually, biological processes such as telomere 
shortening and senescence will determine how long primary 
cells can be passaged. For tumor cells, specialized in escap-
ing telomere shortening and senescence, it is more common 
to be cultured for 25–30 passages or more [29]. Rheumatoid 
arthritis synovial fibroblasts on the contrary, when cultured 
for five to six passages, showed significantly increased and 
reduced gene expression of 7–10% of the genes when com-
pared with passage 1 [30].

To the best of our knowledge, the effects of passaging 
have hardly been addressed in the dental literature. One 
research group [31] studied the gene expression and quanti-
fied the cytokines of healthy gingival fibroblasts from pas-
sages 1 to 10. However, their findings were based on primary 
cell cultures from one donor.

The current study aims to explore the impact of passag-
ing on the gene expression of healthy and diseased derived 
human gingival fibroblasts. Our null hypothesis is that there 
will be no significant differences in gene expression levels 
between passages 1 and 4 of these gingival fibroblasts.

Materials and methods

The study was approved by the medical–ethical board of the 
Academic Center for Dentistry Amsterdam (ACTA) (proto-
col number: 2020305) and performed in accordance with 
the ethical standards as laid down in the 1964 Declaration 
of Helsinki and its later amendments.

Subjects

Gingival fibroblasts (GF) were obtained from seven individ-
uals (Table 1) (age 38–68 years) who underwent periodontal 
surgery or tooth extraction in a referral private practice for 

Table 1  Subjects’ 
characteristics

Samples 1– 4 are categorized as diseased and samples 5–9 as healthy

Age (years) Sex (female/male) Probing pocket 
depth (mm)

Bleeding on 
probing (yes/
no)

Sample 1, subject 1 64 Female 12 Yes
Sample 2, subject 2 68 Male 7 Yes
Sample 3, subject 3 51 Female 7 Yes
Sample 4, subject 4 61 Female 11 Yes
Sample 5, subject 2 68 Male 3 No
Sample 6, subject 4 61 Female 3 No
Sample 7, subject 5 45 Female 3 No
Sample 8, subject 6 38 Male 2 No
Sample 9, subject 7 56 Male 3 No
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periodontology and implantology between February and 
November 2021. The subjects were categorized as either 
periodontally diseased or periodontally healthy. The peri-
odontally diseased subjects were diagnosed with severe peri-
odontitis (grade III according to the latest classification [3]. 
All subjects were systemically healthy, were non-smokers or 
quit at least 1 year before the collection of the tissues, were 
not pregnant, and did not receive systemic antibiotics for at 
least the last 6 months. Informed consent was obtained from 
all individuals.

Gingival tissue areas and tissue sample collection

There were three types of collected gingival tissues: (i) 
diseased sites with probing pocket depth (PPD) ≥ 6 mm, 
with bleeding on probing (BOP) collected from a periodon-
titis patient; (ii) healthy sites with PPD ≤ 4 mm, without 
BOP from a periodontitis patient; and (iii) healthy sites 
with ≤ 4  mm, without BOP from periodontally healthy 
subjects.

Periodontal surgery was performed in periodontitis 
patients with residual pockets ≥ 6 mm with BOP, at least 
2 months after non-surgical periodontal treatment. Para-
marginal/intrasulcular incisions were performed and the 
interproximal gingival papillae that adhered to the root sur-
face were dissected. Dissected tissues corresponding to the 
deepest site were collected and transferred to a plastic sterile 
50 mL tube containing culture medium (Dulbecco’s modi-
fied Eagle medium (DMEM, Gibco BRL, Paisley, Scotland), 
supplemented with 10% Fetal Clone I serum (HyClone, 
Logan, UT, USA) and 2% antibiotics: 100 U/mL penicillin, 
100 μg/mL streptomycin, and 250 ng/mL amphotericin B 
(Sigma, St. Louis, MO, USA)). When the periodontal flap 
was extended to an adjacent tooth with PD ≤ 4 mm without 
BOP to accommodate accessibility, visibility, and flexibility 
of the flap, a non-inflamed interproximal tissue specimen 
was obtained (healthy site from periodontitis patient).

Non-inflamed specimens (PD ≤ 4 mm without BOP) 
from periodontally healthy subjects were collected during 
(i) extraction of teeth with peri-apical complications, (ii) 
extraction of non-restorable teeth, or (iii) clinical crown 
lengthening procedures. Attention was paid to collecting the 
same gingival structure as during the periodontal surgery. 
The collected tissues were clinical waste material.

Tissue cultures

The tubes with the specimens were transferred to the labora-
tory within 12 h, cut into small pieces with a sterile scalpel 
knife in a flow cabinet, and divided into two wells in a six-
well dish with 2 mL culture medium. The six-well dishes 
were stored in a humidified atmosphere of 5%  CO2 in air at 
37° C. The wells were refreshed every 3–4 days. When the 

cultures were confluent (after 3 weeks), the medium was 
removed, the cells were washed with PBS, trypsinized with 
0.5 mL trypsin (Gibco) at 37° C, and monitored until cells 
detached. 1/5th of the cells were stored at − 80° C (RNA of 
passage 1). The rest of the cells were transferred to a 75  cm2 
flask and stored in a humidified atmosphere of 5%  CO2 in 
air at 37° C. The cultures were refreshed every 3–4 days 
and when the cultures were confluent (after 1–2 weeks), the 
same protocol was followed for the 75  cm2 flask (with the 
difference that 1% antibiotics were used). This protocol was 
repeated to obtain cells and RNA samples of passage 3 and 
4.

Real‑time quantitative PCR (QPCR)

RNA was extracted from samples using a commercial 
spin-column kit (RNeasy Mini kit, Qiagen, Düsseldorf, 
Germany) according to the manufacturer’s protocol. RNA 
concentration was measured with Synergy HT spectropho-
tometer (BioTek Instruments Inc., Winooski, VT, USA). 
One hundred nanograms of RNA was used in the reverse 
transcriptase reaction which was performed according 
to the manufacturer’s instructions of the MBI Fermentas 
cDNA synthesis kit (Vilnius, Lithuania), using both the 
Oligo(dT)18 and the D(N)6 primers. The Primer Express 
software, version 2.0 (Applied Biosystems, Foster City, CA, 
USA), was used to design the real-time PCR primers.

Real-time PCR was performed on the ABI PRISM 7000 
(Applied Biosystems). The reactions were performed with 
5 ng cDNA in a total volume of 25 mL containing SYBR 
Green PCR Master Mix, consisting of SYBR Green I Dye, 
AmpliTaq Gold DNA polymerase, dNTPs with dUTP 
instead of dTTP, passive reference and buffer (Applied 
Biosystems), and 300 nM of each primer. After an initial 
activation step of the AmpliTaq Gold DNA polymerase for 
10 min at 94° C, 40 cycles were run of a two-step PCR con-
sisting of a denaturation step at 94° C for 30 s and anneal-
ing and extension step at 60° C for 1 min. Subsequently, 
the PCR products were subjected to melting curve analysis 
to test if any unspecific PCR products were generated. The 
PCR reactions of the different amplicons had equal efficien-
cies. β2-Microglobulin was used as the housekeeping gene. 
Expression of this gene was not affected by the experimen-
tal conditions. Samples were normalized for the expression 
of β2-microglobulin by calculating the ΔCt,  (Ctgene of interest 
-Ctβ2-microglubulin) and the expression of the different genes 
(Table 2) is expressed as the mean relative fold expression 
 2−(ΔCt).

Statistics

GraphPad Prism software (version 9.0.2, La Jolla, CA, USA) 
was used to analyze the data sets. Means and standard error of 
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the means (SEM) were calculated and used for the presentation 
of the data in the figures. The normality of data distribution 
was assessed with the D’Agostino–Pearson test. All the data 
were analyzed with repeated measures one-way ANOVA, fol-
lowed by Tukey’s multiple comparison test. Tests were per-
formed over the four passages. Differences were considered 
significant at p < 0.05.

Results

Patient population

Age and sex variables of the study are outlined in Table 1. 
There were three groups. Group 1 included diseased 

Table 2  Primer sequences used 
for QPCR experiments

Gene Primer sequence Ensembl gene  IDa

KRT14 Forward 5′ TGC CGA GGA ATG GTT CTT CACC 3′ ENSG00000186847
Reverse 5′ GCA GCT CAA TCT CCA GGT TCTG 3′

KRT5 Forward 5′ GCT GCC TAC ATG AAC AAG GTGG 3′ ENSG00000186081
Reverse 5′ ATG GAG AGG ACC ACT GAG GTGT 3′

IL-6 Forward 5′ CAC AAT CTG CAG TAC CTG CAA GGA T 3′ ENSG00000136244
Reverse 5′ CCC ATA GTG GAA GCG CAG ATA 3′

IL-1β Forward 5′ CAT GCG AGC CAT CAT CGA  3′ ENSG00000206439
Reverse 5′ CAT GCG AGC CAT CAT CGA  3′

TLR2 Forward 5′ GGC TTC TCT GTC TTG TGA CCG 3′ ENSG00000137462
Reverse 5′ GAG CCC TGA GGG AAT GGA G 3′

TLR4 Forward 5′ CTG CAA TGG ATC AAG GAA CCAG 3′ ENSG00000136869
Reverse 5′ CCA TTC GTT CAA CTT CCA CCA 3′

TNF-α Forward 5′ CCC AGG GAC CTC TCT CTA ATCA 3′ ENSG00000232810
Reverse 5′ GCT TGA GGG TTT GCT ACA ACATG 3′

M-CSF Forward 5′ CCG AGG AGG TGT CGG AGT AC 3′ ENSG00000184371
Reverse 5′ AAT TTG GCA CGA GGT CTC CAT 3′

RANKL Forward 5′ CAT CCC ATC TGG TTC CCA TAA 3′ ENSG00000120659
Reverse 5′ GCC CAA CCC CGA TCATG 3′

OPG Forward 5′ CTG CGC GCT CGT GTTTC 3′ ENSG00000164761
Reverse 5′ ACA GCT GAT GAG AGG TTT CTT CGT  3′

RUNX2 Forward 5′ ATG CTT CAT CGC CTCAC 3′ ENSG00000124813
Reverse 5′ ACT GCT TGC AGC CTT AAA T 3′

ALP Forward 5′ GCT TCA AAC CGA GAT ACA AGCA 3′ ENSG00000162551
Reverse 5′ GCT CGA AGA GAC CCA ATA GGT AGT  3′

Osteonectin Forward 5′ TAC ATC GGG CCT TGC AAA TAC 3′ ENST00000231061
Reverse 5′ AGG GTG ACC AGG ACG TTC TTG 3′

COL1A Forward 5′ TCC AAC GAG ATC GAG ATC C 3′ ENSG00000108821
Reverse 5′ AAG CCG AAT TCC TGG TCT  3′

MKI67 Forward 5′ GAA AGA GTG GCA ACC TGC CTTC 3′ ENSG00000148773
Reverse 5′ GCA CCA AGT TTT ACT ACA TCT GCC  3′

POSTN Forward 5′ CCC AGC AGT TTT GCC CAT T 3′ ENSG00000133110
Reverse 5′ TGT GGT GGC TCC CAC GAT  3′

FAPα Forward 5′ AGC GAC TAC GCC AAG TAC TATGC 3′ ENSG00000078098
Reverse 5′ CAT CAT GAA GGG TGG AAA TGG 3′

β2-Microglobulin Forward 5′ CGG GCA TTC CTG AAG CTG A 3′ ENSG00000106927
Reverse 3′ GGA TGG ATG AAA CCC AGA CAC ATA G 3′
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sites from a periodontitis patient (samples 1–4), group 2 
included healthy sites from a periodontitis patient (sam-
ples 5–7), and group 3 included healthy sites from a sub-
ject without periodontitis (samples 8 and 9). For all genes 
assessed, there seemed to be no differences between sam-
ples from groups 2 and 3 (n = 2 and n = 3 respectively), 
albeit that this could not be statistically tested due to the 
too low n (Suppl. Figures 1 and 2). Based on this, we 
decided to merge the data into one group of healthy sam-
ples. Samples 2 and 5 and samples 4 and 6 were sampled 
from the same patient (matched samples). The age of the 
patients varied between 38 and 68 years. The PPD of the 
diseased samples varied between 7 and 12 mm and of the 
healthy samples between 2 and 3 mm. All the diseased 
sites showed BOP and none of the healthy sites showed 
BOP. The majority of the subjects in the diseased group 
were female and in the healthy group male.

Gingival fibroblast cultures

Within 7–10 days of incubation of the tissues, solitary GF 
started to appear, likely detaching from the tissue fragments 
or grown out of these. Elongated cells with fibroblast mor-
phology were observed deriving from the tissue fragments 
(Fig. 1A; yellow arrows). Within 3 weeks, the cultures 
were 80% confluent and ready for passaging. Besides, in 
these cultures, a population of epithelial cells was regularly 

observed, but not in all cases (Fig. 1B; red arrows). After 
the first trypsinization, only gingival fibroblast-like cells and 
no epithelial cells were observed anymore in the cultures 
(Fig. 1C, D, E, and F). The cultures were observed under a 
light microscope and photographs were taken (Fig. 1). The 
size and shape of the gingival fibroblasts did not differ from 
passage 1 to passage 4.

Decreased IL‑6, IL‑1β, and Toll‑like receptor 2 
(TLR2) expression and increased OPG expression 
with passaging

The RNA that was isolated from all the samples from pas-
sages 1 to 4 was used to measure the gene expression of 
the genes of interest with qPCR (Table 2). These genes are 
representative markers for biological processes such as cell’s 
origin (keratin 14 (KRT14), keratin 5 (KRT5), fibroblast 
activation protein-α (FAPα), periostin (POSTN)), extracel-
lular matrix and bone formation (collagen I alpha (COL1A), 
RUNX2, ALP, and osteonectin), inflammation (IL-1β, TNF-
α, IL-6, TLR2, Toll-like receptor 4 (TLR4)), and cytokines 
for homing and differentiation of osteoclast precursor cells 
(macrophage colony-stimulating factor (M-CSF), OPG, 
RANKL). In Figs. 2 and 3, the expression of the genes and 
the differential changes related to the passaging are pre-
sented, including all the samples (n = 9).

Fig. 1  Morphological characteristics of gingival fibroblasts for pas-
sages 1–4. A Outgrowth of gingival cells with fibroblast morphology 
from tissue fragments (yellow arrows). B At passage 1, elongated 
cells, typical for gingival fibroblasts cells (yellow arrows), as well as 
cuboidal cells, typical for epithelial cells (red arrows), were observed. 
C At passage 2, D passage 3, and E passage 4, no epithelial cells 

were observed, but only elongated gingival fibroblast cells. The shape 
and size of the cells did not differ in different passages. F Gingival 
fibroblasts of passage 2 at higher magnification. The scale bar repre-
sents 100 μm at the micrograph A–F. Micrographs are representative 
for nine different GF sources
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In passage 1, keratin 14 and keratin 5 were highly 
expressed in three samples, moderately expressed in another 
three, and extremely lowly expressed in the last three sam-
ples (Fig. 2A, B). From passages 2 to 4, KRT14 and KRT5 
were not detectable, a finding that corresponds with the light 
microscopy results.

IL-6 and IL-1β were highly detectable in passage 1, 
significantly reduced in passage 2, and remained low in 
passages 3 and 4 (Fig. 2C and D). The same trend was 
observed for TNF-α (Fig. 2E). Toll-like receptor 2 (TLR2) 
expression significantly decreased from passage 1 to pas-
sage 2 (Fig. 2F) and in passage 3 remained at low levels of 

detection. In passage 4, the gene expression was again com-
parable to passage 1. Toll-like receptor 4 (TLR4) (Fig. 2G) 
and M-CSF (Fig. 2H) gene expression showed no differences 
with passaging. OPG, an osteoclastogenesis inhibitor factor 
that prevents the activation of RANK–RANKL was signifi-
cantly increased in passage 4 compared to passages 1 and 2 
(Fig. 2I). Expression of RANKL was also measured but its 
detection was very late, needing > 37 cycles with qPCR, a 
range where results are inaccurate. In some samples, RANKL 
was not expressed. Given the limited expression of RANKL, 
it is not presented in the figures. Analysis of the gene expres-
sion of the gingival fibroblasts derived from diseased and 

Fig. 2  Passaging decreases the expression of some inflammation-
related genes. Gene expression of A KRT14, B KRT5, C IL-6, D IL-
1β, E TNF-α, F TLR2, G TLR4, H M-CSF, and I OPG. n = 9 (dis-
eased and healthy sites combined). Significant results are shown 

(black bars). *p < 0.05, **p < 0.01, ***p < 0.005, ****p < 0.001. For 
KRT14 and KRT5 gene expression, individual biological samples are 
shown, since not all first outgrowths contained keratinocytes
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healthy sites as separate groups showed the same tendency 
in the results (Suppl. Figures 3, 4, 5, and 6). IL-6 expres-
sion was analyzed and compared between healthy and dis-
eased gingival fibroblasts per passage and found not to differ 
(Suppl. Figure 7).

Gene expression of the extracellular matrix 
and osteogenic markers increases at higher 
passages

The expression of extracellular matrix and osteogenic 
genes was also measured (Fig. 3). The early osteogenic 

marker RUNX2 was significantly increased at passages 3 
and 4 in comparison to passage 2 (Fig. 3A). The expres-
sion of ALP, an intermediate osteogenic factor of osteo-
genesis, was also increased from passage 1 to passage 2 
and elevated even further from passage 2 to passage 3 
(Fig. 3B). The late osteogenic factor osteonectin was also 
elevated at passage 4 in comparison with passages 1 and 
2 (Fig. 3C). Furthermore, COL1A, a gene that encodes the 
major component of type I collagen, a fibrillar collagen 
found in most connective tissues, was elevated from pas-
sage 1 to passage 3 and even more at passage 4 (Fig. 3D).

Fig. 3  Osteogenesis-related genes consistently increase their expres-
sion in higher passages. Gene expression of A RUNX2, B ALP, C 
osteonectin, D COL1A, E cell cycle marker MKI67, mesenchymal 

cell markers F POSTN, and G FAPα. n = 9 (diseased and healthy 
sites combined). Significant results are shown (black bars). *p < 0.05, 
**p < 0.01, ***p < 0.005
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Proliferation marker gene MKI67 increases at higher 
passages

MKI67 expression was assessed as a marker gene for pro-
liferation (Fig. 3E). This gene was found to be more highly 
expressed in passage 4 compared to passages 2 and 3.

Mesenchymal markers POSTN and FAPα are 
expressed in gingival fibroblasts cultures, 
but not affected by passaging

Mesenchymal markers POSTN (Fig. 3F) and FAPα (Fig. 3G) 
genes were found to be expressed in all passages. Expression 
of POSTN and FAPα was stable with passaging.

Healthy vs. diseased

As an extra analysis, we studied gene expression by divid-
ing the nine samples into two groups, samples from sites 
with active periodontitis vs samples from healthy sites. The 
same analysis of the epithelial and fibroblast lineage mark-
ers (Figs. 2 and 3) was now subdivided into healthy (Suppl. 
Figures 3 and 5) and diseased (Suppl. Figures 4 and 6) sam-
ples. The results (Suppl. Figures 3, 4, 5, and 6) were in the 
same line as the previous analysis of all the samples together 
(Figs. 2 and 3). IL-6 expression was separately analyzed and 
compared between healthy and diseased gingival fibroblasts 
per passage and found not to differ (Suppl. Figure 7).

Discussion

In this study, we explored the effect of cell expansion and 
subsequent passaging on the gene expression of human-
derived gingival fibroblasts from gingival samples. The 
rationale of the study was to investigate if early passages 
following initial outgrowth changes the biological properties 
of cells that are used in biological assays. With the present 
results, making use of a limited number of preselected genes, 
we can distinguish three patterns. First of all, some genes are 
not affected by passaging, such as the lineage genes FAPα 
and POSTN, but also TNF-α, TLR4, and M-CSF. The second 
group contains genes that are downregulated during passag-
ing. These include IL-6, IL-1β, and TLR2. Thirdly, a group 
of genes including OPG and MKI67, the genes associated 
with osteogenesis, RUNX2, ALP, COL1A, and osteonectin, 
are upregulated during passaging. Notably, our samples were 
a mixed population during the first outgrowth, with mainly 
gingival fibroblasts and some gingival epithelial cells. By 
visual inspection, but also confirmed by the absence of typi-
cal keratocyte markers KRT14 and KRT5, samples of pas-
sages 2–4 contained only cells with a fibroblast morphology. 
Given the low number of cells in early passages,we were 

not able to confirm whether the fibroblast-like morphol-
ogy resembles one particular cell type. For cells from the 
human palate, it has been shown by single cell sequenc-
ing that different fibroblast cell populations exist [32]. Such 
novel technology holds promise for future fine-detailing of 
cultured fibroblasts. Based on our findings, we reject our 
hypothesis that passaging would not affect the gene expres-
sion of the gingival cells. Early effects, the changes that are 
found primarily in the first passage, could be attributed to 
the presence of epithelial cells.

In our study, we used gingival fibroblasts originat-
ing from periodontally diseased sites (samples 1–4) and 
healthy sites (samples 5–9). The samples from healthy 
sites include gingival tissues from periodontitis patients 
and healthy subjects. Sub-analysis of the two different 
groups of healthy samples did not show any difference 
in gene expression, so they were grouped. We analyzed 
the results in two separate groups (diseased and healthy, 
Suppl. Figures 3, 4, 5, 6, and 7) and as one group (n = 9, 
Figs. 2 and 4). In both analyses, we concluded that inflam-
matory and pathogen recognition markers (IL-6, IL-1β 
and TLR2) decrease and osteogenesis markers (RUNX2, 
ALP, Osteonectin, and COL1A) increase their expression 
with passaging. Therefore, the changes in gene expression 
seem to correlate to passaging rather than to the disease 
status of the tissue. Our results are in line with a previ-
ously published case report [31] where gene expression of 
pro-inflammatory cytokines such as IL-1α, IL-1β, IL-6, 
IL-8, and TNF-α from healthy gingival fibroblasts from 
one donor was studied in relation to passaging. These 
genes were analyzed both at mRNA and protein levels. 
They found that IL-6 was consistently expressed in all 
passages (passages 1 to 10) but its cytokine production 
decreased with passaging, with the largest decrease from 
passage 1 to passage 2. In the current study, we confirm 
and strengthen this single observation of one donor with 
primary cells from nine different samples, originating 
from seven patients. A possible explanation of the sharp 
drop in IL-6 and Il-1β expression could be due to the pres-
ence of epithelial cells. However, the presence of epithelial 
cells in the samples does not correlate with a significantly 
higher IL-6 or IL-1β expression. We showed additionally 
that the effect of passaging is independent of the peri-
odontal condition of the gingival tissues (Suppl. Figures 3, 
4, 5, 6, and 7) and that the expression of the osteogenic 
markers is also affected (Fig. 3). It could be plausible to 
expect that the gene expression levels of IL-6 would be 
lower in healthy gingival fibroblasts compared to the dis-
eased ones. Although the current study was not designed 
to explore this aspect, we found that IL-6 gene expression 
does not differ between gingival fibroblast cultures from 
healthy and diseased sites per passage, and that passag-
ing leads to the same trends in IL-6 expression in both 
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groups (healthy versus diseased) (Suppl. Figure 7). A pre-
vious study [33] also observed that diseased and healthy 
periodontal tissues, from a group of periodontitis patients 
compared to periodontally healthy subjects, had similar 
levels of IL-6 transcription and protein. However, in this 
study the gingival tissues were used as they were sampled 
and not homogenous for a specific cell type.

Although we showed that passaging affects the gene 
expression of some inflammation-related genes and all of the 
osteogenesis-related genes that were included, it is beyond 
the scope of this article to investigate whether these differ-
ences in gene expression affect biological assays such as 
osteogenesis and osteoclastogenesis assays. In fact, this is 
not possible to test at least not for the first passages, given 
the restricted number of cells of these first passages. We 
showed also that cultures from passage 2 to passage 4 con-
tained only cells with fibroblast morphology, but whether 
they are homogenous in cell types cannot be concluded and 
should be assessed in future work using single cell sequenc-
ing [32].

A limitation of the current study is that we cultured 
the cells for a limited number of passages, up to passage 
4. Therefore, assays with a biologically relevant read-out, 
such as osteoblastic differentiation, ELISAs of cytokines, 
and osteoclast differentiation when using co-cultures with 
human monocytes could not be used. This is an inevita-
ble shortcoming of this study that focuses only on mRNA 
expression. Many researchers use primary gingival fibroblast 
cells from passage 1 to 4 [34–37]; however, some research 
groups use cells from later passages [38, 39]. A study [40] 
that compared the protein expression of gingival fibroblasts, 
such as IL-6, IL-8, TNF-α and MMP-3, from passage 4 to 5 
(early passage cells) compared to passage 30–35 (late pas-
sage cells) found no significant differences. On the other 
hand, an advantage of the current study is that we measured 
the gene expression of the outgrowth of the tissues.

The effect of passaging seems to have a gradual effect 
on most of the tested genes. Concerning the inflammation-
related genes, the differences between passages were very 
limited, with the exception of IL-6 and IL-1β. Here, stable 
expression after passage 1 was observed. The other genes 
assessed hardly differed. On the other hand, the effect on 
the expression of the osteogenesis-related genes seems 
to be more prominent. Based on our results, experiments 
with primary cells to study biological processes should be 
encouraged but well controlled. In future studies, we plan 

Fig. 4  Passaging of gingival fibroblast cells decreases the expression 
of IL-6, IL-1β, and TLR2 and increases the expression of all osteo-
genesis-related genes. A Sample collection. B Passage 1. C Passage 
2. D Passage 3. E Passage 4. Red color indicates a decrease and green 
an increase compared to Passage 1. Gray color indicates that the gene 
is not expressed anymore. Arrows indicate a further increase/decrease 
compared to previous passages

▸
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to explore the role of gingival fibroblast cells derived from 
healthy and diseased sites in terms of osteogenesis and oste-
oclastogenesis potential.

Conclusion

Our results suggest that passaging of gingival fibroblast cells 
derived from healthy and diseased sites has some effects on 
the expression of inflammation, pathogen recognition, and 
osteogenesis-related genes (Fig. 4). Most of the differences 
appear from the first passage, for instance the decreased 
expression of the IL-6 and IL-1β. On the contrary, the 
expression of OPG, RUNX2, ALP, osteonectin, and COL1A 
was increased gradually with passaging. Although not pos-
sible to assess biological parameters in the present study, 
despite the expression differences seen here, passages 3 and 
4 derived cells, such as those used by many research groups 
worldwide, could still be seen as a good model to study 
biological assays that resemble the fibroblast function of the 
gingiva, such as extracellular matrix production, response to 
bacteria [18, 19, 23], osteogenesis, and osteoclastogenesis 
in disease models[20]. We also confirmed that passages 2–4 
only contained outgrowth of fibroblast-like cells. Given the 
fact that some of the gene expressions responded to passag-
ing, we recommend to standardize the passage number in all 
experiments using biological replicates of various donors.
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