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Abstract

Objective: RT-gPCR s a reliable method for gene expression analysis, but the accuracy of the quantitative data
depends on the appropriate selection of reference genes. A Co-culture system consisting of periodontal ligament
cells (SV-PDL) and cementoblasts (OCCM-30) to investigate the crosstalk between these two cell lines under ortho-
dontic condition is essential for experimental orthodontic setups in-vitro. Therefore, we aimed to identify a set of reli-
able reference genes suitable for RT-gPCR studies for prospective co-culture systems of OCCM-30 and SV-PDL cells.

Results: The results demonstrated that PPIB, GUSB and RPLPO turned out to be the three most stable reference genes
for OCCM-30 in the co-culture system, while PPIB, POLR2A and RPLPO have the three highest rankings for SV-PDL

cells in the co-culture system. The most stable gene combination were PPIB and POLR2A in the co-culture system. In
conclusion, PPIB is overall the most stably expressed reference gene for OCCM-30 or SV-PDL cell line in the system.
The combination of PPIB and POLR2A as reference genes are indicated to be the potential and mandatory to obtain
accurate quantification results for normalizing RT-gPCR data in genes of interest expression in these two cell lines co-

culture systems.
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Introduction
Cementoblasts are located on the cementum covered
root surface and have the lifelong capability to produce
cementum [1]. Periodontal ligament cells are fibroblast-
like cells characterized by collagen production [2].
Reverse Transcriptase-quantitative polymerase chain
reaction (RT-qPCR) [3] is a versatile molecular tech-
nique for quantification of the expression of genes of
interest due to the method’s merits concerning its high
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sensitivity, simplicity and specificity as well as its accu-
racy [4, 5]. Reference genes are considered to be con-
sistently expressed in various tissues and treatments [6],
which guarantee precise gene expression quantification
by accurate and valid data normalization [7].

Our laboratory will deliver a co-culture system of peri-
odontal ligament cells with cementoblasts which in-vitro
is used to mimic the biological conditions to explore the
interaction between these two-cell lines [8—11]. There-
fore, a commonly stable reference gene selection is of
vital role for the co-culture system RT-qPCR experiment
set.

Together from previous studies [12-15], the riboso-
mal 60S protein L22 (RPL22), Peptidylprolyl isomerase
B (PPIB), polymerase RNA II polypeptide A (POLR2A),
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Ribosomal protein, large, PO (RPLPO), glucuronidase,
beta (GUSB), Actin-beta (3-actin), TATA-binding protein
(TBP), ubiquitin C (UBC), glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), Tyrosine 3-monooxygenase/
tryptophan 5-mono-oxygenase activate protein, zeta
(YWHAZ), eukaryotic translation elongation factor 1
alpha 1 (EEFIAI), Ribosomal protein L18 (RPL) and
beta-5 class I (TUBB) were identified as reliable reference
genes.

Since co-culture system could be a promising method
to analyze the biological effect response to mimic ortho-
dontically induced tooth movement in-vitro. The identi-
fication of the most reliable reference genes for RT-qPCR
analysis on OCCM-30 and SV-PDL, is an essential step to
facilitate further research in this area.

Main text

Materials and methods

Mono cell culture

Immortalized murine mouse cementoblast (OCCM-30)
cell line [16] and immortalized mouse murine periodon-
tal ligament (SV-PDL) cells [17] were provided by Prof.
Martha J. Somerman (Laboratory of Oral Connective
Tissue Biology, NIH, Bethesda, USA). The optimal den-
sity of OCCM-30 [18] and SV-PDL cells [17] were pre-
viously determined, thus 60—100% confluence status of
cells were used for cell confluence experiments [15].

Both cells were cultured at a density of 1*10° cell/well
in D-MEM (31885-023, Gibco) containing 10% FBS
(10270-106, Gibco), 1% Penicillin/Streptomycin (15140-
122, Gibco) and 1% HEPES (15630-056, Gibco) in a
humidified atmosphere of 5% CO, at 37 °C.

Direct cell-cell contact culture

The direct cell-cell contact system was established by
seeding each cell line by same number of 1*10° cells/
well in the same 6-well plate. After incubation overnight
to allow for firm adherence to the bottom, the cell—cell
contact system was established [19]. For the experiment,
control group (as 0 h) was set when cells reached approx-
imately 60% confluence. The mRNA was harvested at 0,
12 and 24 h at the same day.

Co-culture system

The OCCM-30/SV-PDL co-culture system was estab-
lished through 6-well plate and ThinCert® Cell Cul-
ture Inserts (pore size 0.4 pm, porosity/transparent
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membrane) (657,641, Greiner Bio-One) enabling the
cells to exchange soluble factors [8] as previous described
[11]. Briefly, the SV-PDL cells (1*10° cell/well) were
seeded into 6-well plate and OCCM-30 cells (1*10° cell/
well) were seeded into the ThinCert@ inserts. After 6 h
cultivation to allow for adherence, the inserts contain-
ing OCCM-30 cells are placed on top in the 6-well plate
containing SV-PDL cells (Fig. 2A) on bottom. Then, the
co-culture system was established after co-incubation for
another 10 h. For the experiment, control group (as 0 h)
was set when cells reached approximately 60% conflu-
ence. The mRNA was harvested at 0, 12, 24 h at the same
day.

RT-gPCR analysis

Cells were harvested with 350 pL buffer RLT (Qiagen,
Germany). Afterwards, RNA was isolated with RNase
Mini Kit (Qiagen, Germany) following an on-column
DNA digestion (RNase-Free DNase, Qiagen, Germany)
including DNase step for removal of genomic DNA.
After isolation, the eluted RNA purity and quantity of
each sample was verified photometrically by OD read-
ings of the A260/280 nm ratio (Nanodrop 2000, Thermo
Fisher Scientific, USA).

For every RT-qPCR 20 uL volume reaction, we used
8 pL DNase-free water (Sigma-Aldrich), 10 uL SsoAd-
vanced" Universal SYBR Green Supermix (Bio-Rad), 1.0
puL cDNA and 1.0 pL primer [20]. Primers are designed
by Bio-Rad (Additional file 1: Table S1). For analysis, a Cy
cut-off of 40 was applied.

Stability assessment and statistical analysis

Statistical analysis regarding reference gens stabil-
ity was performed by using four different mathematical
procedures: geNorm (qBase+, Biogazelle) [21], Nor-
mFinder (version 0.953) [22], BestKeeper (version 1) [23]
and Comparative ACy method [24]. The values of cycle
threshold (Cq) were inputted to all programs (Additional
file 2: Table S2). For evaluation, the selected reference
genes were listed based on their stability values (geNorm:
M value; NormFinder: V,_/V . ; BestKeeper: Pearson’s r
value; and comparative AC : mean of SD value). Graphic
were produced by GraphPad software (version 8.0).
Descriptive statistics are shown as arithmetic mean val-
ues + standard deviation (SD). The ranking sum for each
gene is calculated by the summation of four respective
rankings (Table 1).



Page 3 of 10

(2022) 15:57

Yong et al. BMC Research Notes

€8y /01 280 dldd 8¥0 dldd 6100 TT1ay Lo TTldy vl odidyd  (€)
96T 790 6880 gsno 8v'0 asno 2000 vz410d 6800 gasno 8 vzalod (@
[T LSO 7160 vzdlod 670 0d1dY 5000 gasno 9800 vzdlod A asno (1)
1Ad-AS PUe OE-WDDO JO PRININD 103D |[2D—(]32 10311(
£960 8910 °670- Y1433 9ol o4n - Id9 (€1)
0£60 8970 STL0 agnL 66 ZVHMA 1S€9 ZVHMA 0580 ZVHMA - o8n (el
6860 97C0 6910 V24104 86 HAdYD TS HAdvO 210 LV 1433 6v ZYHMA (L1)
1950  8€L0 87€0 a5no 60 1dd 9s0 1dd 0010 agnL 8¢ Y1433 (01)
9660 0ST0 550 dd 990 unde-g SLY0 Al 5200 v2d10d 9¢ aanL (6
8180 9710 (0440 0ddd €50 dgl 7870 agnL 0500 dgl 0 HAdvo  (8)
v60T 90 6£L0 dldd 150 dldd 9070 gldd Sv0'0 o4n 1z vZd10d - (2)
v68T 8150 8980 HAdYO LE0 ggnL SZL0 0ddd 0v00 2y 9 dldd (9
€60€  LESO 5060 unoe-g 970 zdy ¥Z10 dgl L€00 gldd w unde-g - (9)
€0LT  SSK0 0L60 ZYHMA ¥20 V2410d vZ10 unde-g 1200 unoe-g (44 daL ()
09€T 0990 9160 odn 610 LV1433 €210 vzylod £000 0d1dY w TTldY (9
LS6T 790 1260 TTlay 610 0d1dY 4N asno ¥00°0 Hadvo 61 odldd (@)
QL1 Lh¥0 8760 ddl 810 asno 4K V1433 €000 gsno vl asno (1)
AI_QQ\>@ N|E»] EwEm@: _Eco_uo:wa P=21nN>0UON
S6/0 670 986°0- agn. S8l qanL - ggnL (el)
VLT TUYO €890 Y1433 60T ZVHMA Lov'e ZVHMA - 1dd (L)
8860 CSL0 8K 0- 0ddY e HAdVO lev'e HAdVO €810 dgL 6¢ Y1433 (L1)
€6€L  LECO 7870- asno 180 1dY S00°L LV 1433 €110 LV 1433 s¢ ZYHMA  (01)
S/80 /610 SLLO- Y2410d ¥9°0 unoe-g 6580 24N S60°0 ZVHMA 43 HQdvo  (6)
95/l 68¥0 8£0°0- 2dn 650 dgl L€80 asno 0600 dldd Vad oan @)
06£0  +0T0 42K dd 650 V1433 6140 v2410d €800 HAdvO T daL ()
80C€ €750 3940 unoe-g ¥50 4ldd 8€50 0d1dd 700 unoe-g T unde-g ()
6/9C 7990 7190 2y €50 24N [4k40 dd €900 24N €z asno - (9)
Lzl €050 0790 dgl or0 4sno 9€10 dy 8500 0d7dYd € odldd ()
78T  06£0 6/90 Hadvo 0r0 vzd10d 7600 upoe-g¢ oo TT1dy 4 vzy10d (9
lees  1psL §89°0 ZYHMA 970 0d1dY 5900 dldd L£0°0 vzyl0od 7l didd ()
8/TT  0LY0 0S40 dldd (440 TT1dy S90°0 ddal 700 asno €l Tdy (1)
Aom-§UUOV S1Se|qOlUsWLd PaIN}NDOUOA
(W)
" %) (T (4) @njea J19pi0 anjeA 19pio anjeA J9pio anjeA 19pJio wns 19pio
AD  as Aunqess Bunjuey Aunqers Bupjuey Aungers Bunjuey Aunqess Bupjuey Bunjuey Bunjuey
19davyisag cu< annesedwod JapuljuwaoN wioNab SPOYIS|N  Muey

Ajannoadsai tadaayisag pue Py aanesedwod 4apul{ulioN ‘WioNaB) uoiiedidde swyloble Inoy syl AQ pale|ndjed S19Mm SyUBI [[BISAO
, pue "5 p _ Y _ } 9Yl AG Pa3gINd] Ul |

'S1192 TAd-AS P2IN3N2-02 pue s||32 0E-ADDO PRINYN-0D ‘2INYND []92—(|32 1234IP “TAd-AS 10 0E-IWDDO Painndouow o) Aljigeis auab aouUia21 21epIpuURd JO juel 3y | djqeL



Page 4 of 10

Bupjuel 159m0| 3Y3 03 353Y6I1Y dY3 W0y PRISPIO B4e SaUB 3y *(JUSIDLYYS0D UOIR|S1I0D
5,U051B34) J PUE (UOHELIA JO JUSIDLYI0D) A {(UOHEIASP pIepuURlS) dS ‘(3124 ploysaiy) B jo suoneiraiqge sy AQ 3unodde 0} Ui uayje) sem A2uaidya Jawud [enpiaipul “A1jigels Uoissaidxa Jamo| sajouap yuel Jaybiy v

(2022) 15:57

Yong et al. BMC Research Notes

Izl 610 990 0ddd L0 22dd 6100 iy o dy 6l iy (9)
0T /50 oA 7214y 090 asno £100 vZy10d 8LT0 gldd 4l asno - #)
Y07 ¥S0 v/00 asno 090 vzd10d 9100 asno v170 0d1dd Ll 0d1dd (€
86'L S0 €80 vzylod wo dldd SL00 0d1dY S910 asno oL vzylod (0
PPl LE0 0860 dldd (440 0d1dy 5000 dldd 1910 vYZ410d 8 dldd (1)

(81 =U) aWn PaIedAPUl € YUM TAd-AS PaINYND-
l90 600 0040 0d1dY 8/0 as5no €200 0dldY 7€L0 7Ty 91 asno - (9)
VAN 4] €460 dldd v/°0 v2410d 1100 asno 06€0 asno zl dd W)
S8l €50 0860 asno 290 TT1dy 6000 vz410d 8/€0 vzd10d 4l odidy  (€)
657 890 €860 TTay 750 dldd 000 TT1ay 60€°0 dldd Ll vzd1lod (@
657 590 8660 vzd10d Lo 0d1dY ¥00°0 dldd 80€0 0d1dd 6 dldd (1)
|01U0D 1Jd-AS P=4n1jN>-0D)
8T ¥90 1270 V24104 [Tl dy $€00 0ddYd 0v80 zdy LL 71dd - (9)
67 670 0050 0d1dY 8L0 gldd L£00 zdy 5950 vZy10d vl vZd10d  (#)
vSE 860 [4VAY TTdy 810 asno £200 vzd10d 5150 dldd Ll 0didy (6
8Lz 90 £9L0 asno vL0 vzylod 1200 gasno 8.0 asno 6 asno (2
sTe o 6v60 dldd £90 0d1dd 9100 dldd 6070 0d1dd 6 didd (1)
(81=U) 3w pa1edIPUl € YUM OE-NDDO PaINYNI-0D
Sl 970 07T0 0ddd 651 2dd Sv00 0ddy ¥0£0 2y vl 1 (9)
we Lol 8590 VZd10d €0l v2d10d 0v0'0 V24104 LYE0 asno vl vZg10d )
We  ¥60 1160 asno ol dldd 8700 TT1dy SZ€0 0d1dd vl od1dd (€
YEY  S60 1160 didd 001 gsno €100 dldd vZTo vzul0od oL asno  (0)
les Sl 9860 zT1dy L€0 0d1dY 9000 asno LLZ0 didd 8 dldd (1)
|013UOD OE-INDDO P=1N3ND-0D
007  L£0 550 0d7dd 60'L zdy 8500 gldd 66€°0 dldd 9l ddd (%)
we 190 ¥8£0 2dy 650 v2410d 6200 0d1dd 4k40) 0d1dY Sl dd W)
(W)

%) *yT) (4) anjea J19pio anjeA J9pio anjeA J9pio anjeA J9pio wns 19pio

AD as Aunqers Bupjuey Aunqers Bunjuey Aupiqels Bupjuey Aunqers Bupjuey Bupjuey Bupjuey
‘_wawmv_ummm cUQ m>_um‘_MQEOU Jspul{wIioN E‘_OZwm SPoylsN juey

(panunuod) L ajqey



Yong et al. BMC Research Notes

(2022) 15:57

Results

1. Expression levels of candidate reference genes in

mono cell culture

For OCCM-30 cells, as showed in Fig. 1A, the
B-actin, GAPDH, EEFIAI and RPLPO are the can-
didate reference genes most abundantly expressed
with C; values below 2. The genes TBP, RPL22,
PPIB, YWHAZ, POLR2A, GUSB, UBC and RPL are
all moderately expressed with C; values ranging
from 20 to 30. Due to the cut-off applied, 10 out of
12 measurements for TUBB (Cq values 37.17) in the
mono-cultured OCCM-30 dataset are removed from
Fig. 1A.

For SV-PDL cells, Fig. 1B shows that the fS-actin,
GAPDH, EEF1IA1 and RPLPO are the candidate refer-
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In this case, GUSB ranked highest in the comparison,
but GAPDH was less stable compared to RPLPO.

The geNorm analysis revealed that the use of two
reference genes in this case GUSB and GAPDH for
normalization in RT-qPCR is adequate for stud-
ies in monoculture of OCCM-30 cells (Fig. 1D) and
SV-PDL cells (Fig. 1F). Notably, the output results
of geNorm in the selection study showed that the M
values of TUBB and RPL in OCCM-30 cells and RPL
in SV-PDL cells were missing, indicating their exclu-
sion for further analysis. The ranking order and the
stability values calculated with the geNorm and Nor-
mFinder programs did not change when TUBB was
excluded from the dataset.

In concordance with the above given results, PPIB,
GUSB, RPLPO, POLR2A and RPL22 were selected as
the most five stable reference genes based on ranking
sum for further analysis in the direct cell—cell contact

ence genes most abundantly expressed with C, val- and co-culture system.

ues below 20. The genes TBP, RPL22, PPIB, YWHAZ, 3. Stability analysis of 5 chosen reference genes in
POLR2A, TUBB, GUSB, UBC and RPL are all moder- direct cell-cell contact culture and co-culture sys-
ately expressed with C values ranging from 20 to 30 tem

in Fig. 1B.

2. Stability analysis of candidate reference genes in According to the single cell-culture results, the three
mono cell culture system highest ranking genes were selected for each cell line,
For studies with monocultured cementoblasts, total  respectively. These were GUSB, POLR2A, RPLPO, RPL22
ranking results in Table 1 show that RPL22 is the least ~ and PPIB. The entire ranking shows that GUSB, POLR2A
regulated reference gene in the preselected panel on  and RPLPO were the least regulated reference genes
OCCM-30 cells. Similarly, although PPIB is not as  when both cell lines were cultivated with direct contact.
stable as RPL22, it ranks higher than POLR2A in all  The suitable number of reference targets in the direct
calculation in cementoblasts as showed in Fig. 1C. cell—cell contact experimental situation was 2. As such,
It is revealed that GUSB reached the best stability =~ the suitable normalization factor can be calculated as
values on monocultured SV-PDL cells. The geNorm  the geometric mean [21] of reference targets GUSB and
and the AC_ method in Fig. 1E show the same results. ~ POLR2A for the direct cell-cell contact culture system

(Table 1, Fig. 2B, C).

(See figure on next page.)

Fig. 1 A C, values are presented as quantification cycle (Co, n=3) as second derivate maximum of the fluorescence curve and are inversely
proportional to the amount of target mRNA within 1 g of total RNA retrieved from the cementoblasts. C, expression values of candidate reference
genes, overall are for specimens without treatment (n=13*3 duplication) in cementoblasts. B Expression levels of candidate reference genes in
periodontal ligament cells (n=13*3 duplication) without treatment. C, values exported with identical threshold setting (mean of three technical
replicates). Boxplots represent the median (central horizontal line), the interquartile range (IQR, 25/75 quartile, box) and the data range (whiskers)
without outliners and extreme values. Outliers and extreme values are defined as C, values more than 1.5 and 3 times the IQR apart from the upper/
lower quartile and are denoted as circles and asterisms respectively. C On OCCM-30 cells, the geNorm analysis of the expression stability values (M
value) of the 13 candidate reference genes, for which specific primers could be constructed. Average expression stability values of overall (pooled)
specimens derived by stepwise exclusion of the least stable reference gene across all specimens and experiment conditions (n= 13*3 duplication).
A smaller M value indicates a more stable expression. The most stable genes are on the right and the least stable genes are on the left. D Pairwise
variation (V) of the 13 candidate reference genes calculated by geNorm to determine the suitable number of reference genes for OCCM-30 cells
for RT-gPCR data normalization in overall studies (n = 13*3 duplication). The threshold used was 0.15. E On periodontal ligament cells, the geNorm
analysis of the expression stability of the 13 candidate reference genes tested. Overall average expression stability values (M) derived by stepwise
exclusion of the least stable reference gene across all specimens and experiment conditions. A higher M indicates a less gene expression. F
Determination of the suitable number of reference genes for RT-qPCR data normalization on periodontal ligament cells. The geNorm calculation by
the pairwise variation (V) indicates that V values lower than 0.15 indicated a sufficient normalization can be achieved
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As analyzed using different incubation times during
the same day in the indirect co-culture systems, results
showed that across three different time period, PPIB,
GUSB and RPLPO have the best stability values for co-
cultured OCCM-30 cells. The PPIB, POLR2A and RPLPO
reached the best stability values for co-cultured SV-PDL
cells. geNorm analysis shows that the suitable number of
reference targets in this experimental situation was 2 and
can be calculated as the geometric mean of reference tar-
gets PPIB and POLR2A (Table 1; Fig. 2D-G@). Altogether,
PPIB was the most stable reference gene for the co-cul-
ture system.

Discussion
The in-vitro co-culture model is based on the location of
OCCM-30 and SV-PDL cells which was subjected to mim-
icked specific conditions during OTM. The porosity mem-
brane allows the cells to exchange soluble factors in the
co-culture setup (Fig. 2A). Thus, the co-culture system seems
reasonable to investigate the intercellular communication
between these two cell lines of the periodontal compartment
which become closer when orthodontic force is applied [10,
25]. However, reference gene selection is depending on the
exact research questions and thus applies to both the experi-
mental condition and the corresponding control, in this
sense, the suitable reference genes in hypoxic- or orthodontic
force-induced conditions need to be further investigated [25].
In the present work, from our analysis PPIB achieved
the most stable results in all four algorithms methods for
the use as a reference gene according to the comparison
of all potential reference genes in co-culture system at
different time point in the same day. This matches with
previous research’s publication analyzing the combined
dental, periodontal and alveolar bone tissue of rat which
showed that PPIB and YWHAZ were the most stabile
reference genes for RT-qPCR analysis in untreated rats
with additional periodontitis [26]. PPIB is also reported
to have the highest expression stability values and reli-
ability on hPDLF subjected to static mechanical strain
[27]. Besides PPIB, GUSB and RPLPO were ranked as
the most stable reference genes for co-cultured OCCM-
30 cells at different time periods. This is in concordance
with the ranking in the control group, indicating that
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these three highest ranking genes are stably for the co-
cultured OCCM-30 cells. Similarly, PPIB, POLR2A and
RPLPO were recommended as the three most stable refer-
ence genes for co-cultured SV-PDL cells at different time
points within the same day.

Direct cell—cell contact culture is more closely to the
in-vivo condition that both cell types are cultivated
together. However, it would be difficult to compare
the gene expression in the direct cell-cell contact cul-
ture compared to the mono-cultured cells. Thus, for
the purpose, discrimination of two types of cells using
special surface markers assessed by flow cytometry
would be more accurate to provide separate results of
the different reference genes. Besides, for the indirect
co-culture system, the C, values expression of the refer-
ence genes may be changed dependent upon the spe-
cific placement of cells within the experimental setup.
Although this study did not specifically refer to this
issue, one might speculate that each cell type exerts
different on the other when the position of two types
of cells changed as shown in Fig. 2A. Furthermore, in
the present proposed setup, the cells of two types in the
insert and on the bottom of the wells are <1 mm apart.
Therefore, it might be necessary to investigate if the
magnitude of gravity interferes with diffusion.

We concluded that PPIB, GUSB and RPLPO are the
most stable reference genes for normalization in RT-
qPCR studies using OCCM-30 cells in a co-culture sys-
tem. PPIB, POLR2A and RPLPO were demonstrated to
be the most reliable normalizers for SV-PDL cells used
for RT-qPCR gene expression analysis in the co-culture
system. The PPIB is an ideal reference and combination
of PPIB and POLR2A for RT-qPCR experiments can
improve the normalization in co-culture systems.

Limitations

In direct cell-cell contact culture, the gene expression
results should be considered as a mean of both cell
types, thus it’s necessary to separate these two types of
cells using FACS by their special membrane marker to
provide separate results of reference genes. Different
orthodontic induced conditions such as hypoxia and

(See figure on next page.)

Fig.2 A Schematic representation of the co-culture system used in the experiment with SV-PDL cells plated on the upper insert and OCCM-30

cells in the lower well. B, D, F The stability of top four reference genes was assessed by geNorm (n = 15) for both the direct cell-cell contact culture
system (B) and the co-culture system (D, F). Lower M value predicts higher stability. C, E, G The suitable number of reference genes was determined
by geNorm for bothe direct cell-cell contact culture system (C) and the co-culture system (E, G). The value of V less than the recommended cut-off

of 0.15 is attained with two reference genes
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mechanical forces are not included in the stimulation,
which needs to be further investigated.
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