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ABSTRACT

Regulation of adipocyte differentiation is an important process in the control of adipose tissue de-
velopment. So far, adipogenesis has been investigated through the use of various experimental mod-
els. In this work, we used human mesenchymal stem cells (hMSCs) obtained from amniotic fluid
(AF) as an alternative model more representative of what naturally happens in vivo. In our opin-
ion, these hMSCs are still not influenced by differentiation stimuli and could act in a way more cor-
respondent to the physiological process of adipogenesis, representing also an ethically acceptable al-
ternative to totipotent human embryonic stem cells (ES). Adipocyte differentiation was monitorated
following the expressions of key genes. We measured the expression levels of PPARYy2, PPARy-Cla,
UCP-1, adipsin, and leptin genes using quantitative real-time PCR. We tested our experimental
model with two different media. Understanding in vivo adipogenesis mechanisms will shed light on
the pathophysiology of many diseases.

INTRODUCTION

REGULATION OF ADIPOCYTE DIFFERENTIATION i$ an im-
portant process in the control of adipose tissue de-
velopment and in the understanding of mechanisms in-
volved in obesity and in lipoatrophy common to many
metabolic diseases (1,2). So far, adipogenesis has been
investigated through the use of various experimental
models, including immortalized murine cell lines (re-
viewed in ref. 3), tissue-derived precursors (4), embry-
onic stem (ES) cells (5,6), whole animals (7), and pa-
tients (8). These models actually used to investigate the
adipogenic differentiation process at molecular level are
not fully representative of what naturally happens in vivo
because those cells are already committed.

Amniotic fluid (AF) is composed of normal embryonic
or fetal chipping cells derived from the three germ lay-
ers (ectoderm, endoderm, and mesoderm). Therefore, it
possesses the natural precursors of all differentiative lin-
eages. Recently, AF has been used as a source of human
mesenchymal stem cells (hMSCs) (9-11), and it could
represent a source of MSCs not yet influenced by dif-
ferentiation stimuli, opposite to adult stem cells confined
in their homing. hMSCs obtained in this way could re-
spond in a way that corresponds more to the physiolog-
ical process of adipocyte differentiation.

Currently, there is no in vitro model that allows us to
reproduce natural adipogenesis; moreover, gene expres-
sion data exhibit marked differences, depending on the
experimental model used. Therefore, we propose that our
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model can be helpful in integrating information already
acquired, in particular, on adipocyte development start-
ing from embryonic cells. AF-derived hMSCs are simi-
lar to hES regarding their totipotency, and, in our opin-
ion, they represent an ethically acceptable alternative.

The various steps of adipocyte differentiation can be
traced at the molecular level following the expression
trend of key genes. Markers analyzed were chosen using
the criterion that each gene must be representative of a
different step of adipogenesis to allow us to monitor the
differentiation. In fact it is known from the literature that,
instead of being expressed at the same time, gene mark-
ers appear in a cascade during adipogenesis. We know
also from the literature that the program of adipogenesis
can be divided into at least four stages: (1) preconfluent
proliferation; (2) confluence-growth arrest; (3) hormonal
induction-clonal expansion; and (4) permanent growth ar-
rest—terminal differentiation (3,12).

The marker genes we investigated are PPARy2, PPARy-
Cla, UCP-1, adipsin, and leptin. The peroxisome prolifer-
ator—activated receptors (PPARSs) are a nuclear hormone re-
ceptor family containing three known receptors, PPAR«,
PPARY, and PPARS. PPARY consists of two isoforms,
PPARYy1 and PPARY2. PPAR2 expression is restricted to
adipose tissue. PPARy mediates growth arrest during dif-
ferentiation stage 2 (13), and its expression rapidly in-
creases after hormonal induction during stage 3 (14).

PPARY co-activator 1 o (PPARy-Cle) is a protein that
interacts with PPARy (15). Expression of PPARy-Cla in
white fat cells turns on uncoupling protein-1 (UCP-1) gene
expression, playing a crucial role in the conversion of white
mature adipocytes into brown ones (15,16). Two types of
adipose tissue are present in mammals. White adipose tis-
sue stores energy as triglycerides, whereas brown adipose
tissue has an opposite physiological function because it al-
lows dissipation of energy, being specialized in adaptive
thermogenesis. Understanding the molecular pathways that
underlie the white versus brown differentiation is funda-
mental because an imbalanced ratio of white/brown tissue
may lead to several diseases such as obesity.

UCPs are small inner mitochondrial membrane proteins
that facilitate proton transport. They generate heat, dissi-
pating the proton gradient linked to metabolic fuel oxi-
dation. Three UCPs have been reported. UCP-1 is spe-
cific for brown adipose cells (17-19). Adipsin is the major
serine protease secreted by the adipocytes into the blood-
stream, and it is a very late marker of adipocyte differ-
entiation appearing at stage 4 (20). Leptin is a hormone
and a late adipogenesis marker, being primarily made and
secreted by mature adipocytes during stage 4 (21). Its ex-
pression is decreased by cathecolamines and increased by
insulin and glucocorticoids (22-24). White adipocytes ex-
press leptin at higher levels than brown ones (25).

We followed the expression of these five main adipo-
genesis markers during adipogenesis in AF-derived

hMSCs by the real-time (RT) PCR technique. We evalu-
ated the expression of these key genes in adipogenesis in
our experimental model, starting from AF cells, to make
a comparison with existing data regarding other adipoge-
nesis models. Because it is known that adipogenesis steps
are influenced not only by the specific experimental model
used but also by culture conditions, we performed the ex-
periment using two different culture media.

MATERIALS AND METHODS
hMSC isolation

AF samples were collected from amniocentesis.
Karyotypes were normal for all the probands. Amniotic
fluid samples of 2 ml, without visible blood contamina-
tion, were centrifuged for 10 min at 1,600 rpm. Isolation
of hMSCs from the AF was based on mechanical sepa-
ration and natural selection by the culture medium
(26,27). Pellets were plated in 12-well culture dishes.
Cells were fed daily with MesenCult medium (Stem Cell
Technologies) plus 100 U/ml streptomycin and 100 U/ml
penicillin, and placed in a 95% humidified, 5% CO, in-
cubator at 37°C. After 24 h, dishes were inspected for
cell adhesion. Cells with a predominantly ‘typical mes-
enchymal morphology’ were trypsinized and plated in
25-mm flasks with MesenCult medium. Confluent cells
were split into 40-mm Petri dishes for further expansion.

hMSC markers PCR

Characteristic hMSC markers were investigated using
RT-PCR reactions. Petri dishes were washed twice with
10% phosphate-buffered saline (PBS) before proceeding
with extraction. RNA was extracted using Trizol reagent
(Invitrogen) according to the manufacturer’s specifica-
tions, and treatment with DNase followed the reaction.
cDNA was synthesized using 1 g of total RNA in a 60-
w1 reaction containing random examers and 200 U of M-
MuLV Reverse Transcriptase (Fermentas). Conditions
used were 25°C for 25 min, 42°C for 60 min, and 70°C
for 10 min. PCR reactions were performed in 25 ul with
Platinum Taq Polymerase (Invitrogen). Primers were
used at 300 nM final concentration, and their sequences
are shown in Table 1. PCR was performed using fol-
lowing conditions: 95°C for 2 min, 45 cycles at 95°C for
30 sec, 55°C for 15 sec, 72°C for 30 sec.

Cell differentiation

MesenCult PLUS protocol: After confluence, hMSCs
were plated at a density of 3 X 10%/cm? in 40-mm Petri
dishes and fed with MesenCult PLUS. This day corre-
sponds to day 0 in our time-course experiment. We changed
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TABLE 1. OLIGONUCLEOTIDE SEQUENCES USED TO CHARACTERIZE hMSCs, AND ANTIGEN SURFACE MARKERS EXPRESSION
Antigen # CD Primers Expression
Thy-1 CD90 Forward, 5'-TGCTCTTTGGCACTGTGG-3’ +
Reverse, 5'-AGAGGGAGAGCAGGAGCAG-3’

Endoglin, SH2 CD105 Forward, 5'-GGGGTCAACACCACAGAG-3’ +
Reverse, 5'-CAGGACCCTCAGGATGTG-3’

SH3, SH4 CD73 Forward, 5'-ATGGTGTGGAAGGACTGATC-3’ +
Reverse, 5'-CCTCACTTTCTGAGCGATG-3’

SB10/ALCAM CD166 Forward, 5'-AGGAAATGGACCCAGTGAC-3’ +
Reverse, 5'-CCCCTTCTTTGATGGCA-3’

Gpl105-120 CD34 Forward, 5'-TGAAGCCTAGCCTGTCAC-3’ -

Reverse, 5'-CGCACAGCTGGAGGTCTTAT-3'

the medium every 3 days. MesenCult PLUS medium was
a cocktail consisting of MesenCult basal medium for
hMSCs (StemCell Technologies), 10% hMSCs adipogenic
stimulatory supplements (StemCell Technologies), strepto-
mycin 100 U/ml, and penicillin 100 U/ml. We extracted
RNA from cells cultured along 20 days and harvested at
days 0, 4, 6, 10, 13, 16, and 20 (see Fig. 2, below).

3 + 4 hormonal cycles protocol: After confluence, hM-
SCs were plated at a density of 3 X 103/cm? in 40-mm
Petri dishes in growth medium GM (GM, minimal essen-
tial medium M199) supplemented with 10% fetal bovine
serum (FBS). At confluence, GM was replaced by main-
tenance medium (MM), which has an identical composi-
tion to GM except for the presence of 5% FBS instead of
10% FBS. Cells were cultured in this medium for 5 days
without splitting them. The last of these 5 days corresponds
to day O in our time-course experiment. Cells were then
incubated in adipogenesis-inducing medium (AIM)
M199, 10% FBS, 1 uM dexamethasone, 0.2 mM in-
domethacin, 1.7 uM insulin, 0.5 mM 3-isobutyl-1-metylx-
anthine, 100 U/ml streptomycin, and 100 U/ml penicillin)
for 3 days, and then cultured for further 3 days in adipo-
genesis-maintenance medium (AMM) (M199, 10% FBS,
1.7 uM insulin, 100 U/ml streptomycin and 100 U/ml peni-
cillin). Three cycles consisting of 3 days of hormonal stim-
ulation (AIM) followed by 4 days of rest (AMM). In the
last cycle, days of rest were prolonged to 5 (see Fig. 2, be-
low). All reagents were from Sigma Aldrich.

Real-time PCR

The total RNA from undifferentiated hMSCs (control
cells) and from induced-hMSCs was extracted as speci-
fied for hMSCs extraction and was treated with DNase.
RNA from human mature adipose tissue was extracted
and used as positive control for the expression of adipo-
genesis markers. cDNA previously described was puri-
fied by GFX PCR DNA and Gel Band Purification Kit
(Amersham Biosciences).

Quantitative RT-PCR analysis was performed in a 96-
well optical reaction plate using an ABI Prism 7700 se-
quence detector (Applied Biosystems). Oligonucleotide
primers were designed with Primer Express (Applied
Biosystems). Expression of 18S ribosomal RNA (rRNA)
was used as reference. 18S represents a large amount of
total cellular RNAs and, because it is generated by a dis-
tinct polymerase, its level is less likely to vary under con-
ditions that affect the expression of mRNAs, like adipo-
genesis (28).

PCR primers for PPARy2, PPARy-Cla, UCP-I,
adipsin, leptin, and 18S are shown in Table 2. Reactions
were performed in 25 ul with 1.5 ul of cDNA, 2X Plat-
inum SYBR Green qPCR SuperMix UDG (Invitrogen),
and 300 nM primers. PCR conditions were: 2 min at
50°C, 2 min at 95°C, and 50 cycles of 15 sec at 95°C
and 30 sec at 60°C. The target and reference genes were
amplified in separate wells. All reactions were performed
in duplicate. Reaction mixture, without the cDNA, was
used as negative control in each run. A standard curve
was performed as follows: PPARYy2, y = —3.3x + 28.4,
r> = 0.98; PPARy-Cla, y = —3.5x + 22.3, r> = 0.99;
UCP-1, y = —3.4x + 26.3, 2 =10.99; adipsin, y =
—3.1x + 20.1, 7> = 0.99; leptin, y = —3.3x + 24.2, 7> =
0.99; 18S, y = —=3.2x + 13.5, > = 0.99. The 2~ PPt
method was used to quantify gene expressions compared
with 18S rRNA.

RESULTS
Characterization of hMSCs

hMSCs from AF selected as described in Materials and
Methods expressed CD90, CD105, CD73, CD166, and
typical MSC markers, but were negative for CD34, a he-
matopoietic marker (Fig. 1). Hematopoietic cells derived
from bone marrow were used as negative control for mes-
enchymal markers and as positive control for CD34.
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TABLE 2. OLIGONUCLEOTIDE SEQUENCES USED FOR RT-PCR EXPERIMENTS
Marker Primers
PPARY2 Forward, 5'-CAGTGTGAATTACAGCAAACC-3’
Reverse, 5'-ACAGTGTATCAGTGAAGGAAT-3’
PPARy-Cla Forward, 5'-GTTCCCGATCACCATATTCCA-3’
Reverse, 5'-GCGGTGTCTGTAGTGGCTTGA-3’
UCP-1 Forward, 5'-CTGGAATAGCGGCGTGCTT-3’
Reverse, 5'-AATAACACTGGACGTCGGGC-3’
Leptin Forward, 5'-ATGACACCAAAACCCTCATCAA-3'
Reverse, 5'-GAAGTCCAAACCGGTGACTTT-3’
Adipsin Forward, 5'-CCAAGCGCCTGTACGACGT-3’
Reverse, 5'-GGCCTTCTCCGACAGCTGT-3’
ribosomal Forward, 5'-AGGAATTCCCAGTAAGTGCG-3’

18S

Reverse, 5'-GCCTCACTAAACCATCCAA-3’

These results confirmed that we isolated a hMSC popu-
lation. To evaluate cell stability, the cells were frozen and
thawed many times, and their morphology was main-
tained (such as marker expression pattern).

Real-time results

Real-time analysis was executed on two induction ex-
periments performed with two different cell growth pro-
tocols: MesenCult PLUS protocol and “3 + 4 hormonal
cycles protocol” (Fig. 2). MesenCult was a manufactured
medium, commonly used to grow stem cells, and was
added with appropriate adipogenic supplements. The sec-
ond protocol is based on a minimal essential medium en-
riched by hormonal adipogenic cocktail recently opti-
mized (29).

MesenCult PLUS protocol

For each time point, we analyzed cells treated with
MesenCult PLUS and control cells cultured in Mesen-
Cult basal medium. Control cells analyzed for all inves-
tigated adipogenic markers resulted in similar expression
levels at each examined time point. For this reason, we
summarized all of the results obtained for control cells
with a value representing the average value, with its stan-
dard deviation (Fig. 3).

As expected, expression of adipogenic markers at day
0 was similar to that of noninduced hMSCs and was
higher for human mature adipocytes. PPARy2 expression
at days 4, 13, and 20 was similar to that of nontreated
cells. The expression dramatically decreased at days 6,
10, and 16. Human mature adipocytes expressed PPARy2
about 12-fold more than the control. PPARy-Cla showed
fluctuating expression: Expression increased up to 55-
fold (compared to control) at day 13, and then it decreased

during the next week. Human mature adipocytes did not
have expression as high as PPARy-Cla (it is eight-fold
higher than hMSCs). UCP-1 had increasing expression
until day 20, when induced cells presented mRNA lev-
els three times higher than the control. Human mature
adipocytes expressed this adipogenic marker at levels
seven-fold higher than control. Adipsin showed fluctuat-
ing expression levels: It reached spikes of expression at
days 4 and 13. In particular, maximum expression was
detected at day 13. The positive control showed a huge
expression of this marker (about 1.5 X 103-fold higher
than nontreated hMSCs). The leptin increment was re-
markable at days 10, 13, 16, and 20, with day 13 being
its maximum value. Compared to the hMSC control,
the increase of expression had a 10° order of magni-

12345 6789 101112131415

FIG. 1. Expression of markers CD34, CD73, CD90, CD105,
and CD166. Lanes 1-3, CD34 expression of AF-derived stem
cells (lane 1), hematopoietic cells (lane 2), and reagents con-
trol (lane 3); lanes 4-6, CD73 expression of AF-derived stem
cells (lane 4), hematopoietic cells (lane 5), and reagents con-
trol (lane 6); lanes 7-9, CD90 expression of AF-derived stem
cells (lane 7), hematopoietic cells (lane 8), reagents control
(lane 9); lanes 10-12, CD 105 expression of AF-derived stem
cells (lane 10), hematopoietic cells (lane 11), and reagents con-
trol (lane 12).
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FIG. 2. Schematic representation of time-couse experiments. (A) Check points for MesenCult PLUS protocol: days 0, 4, 6, 10,
13, 16, and 20 along a 3-week time line. Cells were grown in MesenCult medium until confluence and then induced by Mesen-
Cult PLUS. (B) Check points for the “3 + 4 hormonal cycles protocol”: days 0, 4, 8, 11, 15, 18, and 23 along a 3-week line.
Cells were grown in GM until confluence, and then GM was replaced by MM. Cells were cultured in this medium for 5 days.
Cells were then incubated in AIM for 3 days, then cultured for a further 3 days in AMM. Three cycles consisting of 3 days of
AIM followed by 4 days of AMM were performed. The check point corresponds to the end of the AIM or AMM period. In par-
ticular, day 4 represents the end of the first 3-day cycle in AIM medium; day 8 represents the last day of the first 4-day cycle in
AMM; day 11 represents the end of the second 3-day cycle in AIM medium; day 15 represents the last day of the second 4-day
cycle in AMM,; day 18 represents the end of the third 3-day cycle in AIM medium; day 23 represents the last day of the third 5-
day cycle in AMM. At the end of the experiment at day 25 of culture in AMM, cells were stained with Oil Red O.

tude. Moreover, expression of leptin in human mature
adipocytes had a 108 order of magnitude.

3 + 4 hormonal cycles protocol: This time-course ex-
periment was scheduled following the adipogenic differ-
entiation protocol optimized by Janderovd (29) and
slightly modified during the maintenance period (4 days
instead of 3 days) (Fig. 2). Each check point corresponds
to the end of a hormonal induction cycle or a mainte-
nance cycle. During this time-course experiment, our
negative control of induction (hMSCs) was cultured in
MM, which was refreshed on the same days we changed
medium for induced cells.

Expression of all investigated adipogenic markers was
similar in cells collected on day O and in the negative
control collected at each check point. Therefore, we sum-
marized all results for control cells with a value repre-
senting the average value of each time point with its stan-
dard deviation (Fig. 4). Mature adipocytes were used as
a positive control, and they expressed each investigated
adipogenic marker at levels higher than those detected in
our analyzed cells except for PPARy-Cla.

PPAR~y2 expression showed no significant changes
during the time-course experiment in treated and non-
treated hMSCs. Otherwise PPARy-Cla showed in-
creased expression at the end of each induction period
compared with the following maintenance period, and in
particular reached a maximal level (20-fold higher than
nontreated cells) during the second cycle in AIM. UCP-
1 expression did not vary significantly from that of con-
trol cells: mRNA levels were so low that it was difficult
to detect them. Only day 11 shows a slight increase com-
pared to all the other time points (less than two-fold).
Adipsin showed increased expression during all of the

first part of the experiment, reaching a maximum level
at the end of the second cycle of hormonal induction (at
day 15, its expression was four-fold higher than in the
control), and then the amount of adipsin cDNA rapidly
decreased. Leptin was poorly expressed by induced cells,
and no significant difference was detected compared to
hMSC control cells.

Cell morphology

During both experiments, cells in the control group
maintained a fusiform mesenchymal appearance, whereas
all cells exposed to inducing agents underwent morpho-
logical changes and appeared as round cells with cy-
tosolic droplets that were positive for Oil Red O staining
(data not shown). In particular, at the end of the treat-
ment period, it was possible to appreciate 5% of round
cells in the experiment performed with MesenCult PLUS,
and a 20% in the “3 + 4 hormonal cycles” one. Cytoso-
lic droplets appeared on day 5 of MesenCult PLUS treat-
ment and in the middle of the first hormonal cycle in the
case of the “3 + 4 hormonal cycles” protocol.

DISCUSSION

This study shows that it is possible to isolate hMSCs
from AF and then differentiate them into mature adipo-
cytes. To our knowledge, there are few in vitro adipocyte
differentiation human models, and there are fewer experi-
ments on ES cells. In fact, most of models are adult stem
cell-derived cultures, i.e., bone marrow biopsies (30,31),
and tissue biopsies, i.e. skin, orbital adipose tissue (32).
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FIG. 3. Real-time expression of investigated adipogenic markers in the MesenCult PLUS time-course experiment. (A) PPARy2.
(B) PPARy-Clea. (C) UCP-1. (D) Adipsin. (E) Leptin. We monitored the expression levels in mature adipocytes (A), in undif-
ferentiated AF-derived hMSCs (M), and in MesenCult PLUS-treated hMSCs collected at check points. Data are combined from
three different analyses. Expression of each gene was normalized against ribosomal 18S. Gene expression levels were calculated
using the DDCt method.

All of these models contain stem cells already commit- early adipogenic stages without the ethical limitations re-
ted to the adipose lineage. Our experiment, instead, was lated to the use of human embryonic cells. Because our
designed on a tissue that has been shown to be similar, cells are in an earlier developmental stage than the cells
regarding differentiation capacity, to embryonic tissue used in other cited models, they require more time to dif-
and that, moreover, permits obtaining information about ferentiate into adipocytes.
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FIG. 4. Real-time expression of investigated adipogenic markers in the “3 + 4 hormonal cycles” time-course experiment. (A)
PPARY2. (B) PPARy-Cla. (C) UCP-1. (D) Adipsin. (E) Leptin. We monitored the expression levels in mature adipocytes (A),
in undifferentiated AF-derived hMSCs (M), and in “3 + 4 hormonal cycle”-treated hMSCs collected at check points. Data are
combined from three different analyses. Expression of each gene was normalized against ribosomal 18S. Gene expression levels
were calculated using the DDCt method.

In all of these models, the differentiation process shows ments; on the other hand, the Janderovd (29) protocol
many different gene expression patterns, depending on  seems to be an alternative interesting protocol for ob-
culture conditions used. Thus, we decided to test two dif- taining a higher percentage of adipocytes. Our goal in
ferent media for our experiments. MesenCult PLUS is choosing this approach was to replicate results starting
the commonly used medium in adipogenesis experi- from AF instead of bone marrow.
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To follow expression changes during the time-course
experiments, we used relative RT-PCR. In both time-
course experiments, PPARy2 expression showed no sig-
nificant changes when compared to control cells (Figs. 3
and 4). Preliminary observations suggested that during
the following week of culture, PPARy2 levels increase
(data not shown), suggesting a delayed differentiation. It
is important to underline that the responsiveness to in-
ducing agents varies considerably, depending on the dif-
ferent sources of preadipocytes and on the specific dif-
ferentiation protocol employed. It is possible to suppose
that, in AF-derived hMSCs, PPARYy2 has an expression
pattern different from that in other adipogenesis cell mod-
els (29). Our human mature adipocytes expressed this
marker at high levels.

During our time-course experiments, we noticed that in
MesenCult PLUS, PPARy-Cla had one spike of expres-
sion at day 13; on the other hand, in the “3 + 4 hormonal
cycles” experiment, we observed a single spike at day 11.
Interestingly, MesenCult PLUS increased the cDNA level
55-fold over the nontreated cells, whereas the “3 + 4 hor-
monal cycles” protocol showed an increase of about 20-
fold only. During both time-course experiments, UCP-1
had a low level of expression, even if in the MesenCult
PLUS treatment mRNA levels had a small increase at day
20. Taken together, these data are consistent with the
knowledge that PPARy-Cle is the main activator of UCP-
1: in fact, it is known from the literature that PPARy-Cl«
is expressed preferentially in brown fat instead of white
fat, in which the endogenous levels are very low. More-
over, it is a co-activator of PPARy and turns on UCP-1
gene expression, thus playing a crucial role in the con-
version of white mature adipocytes into brown ones. On
the other hand, UCP-1 is specific for mitochondria of
brown adipose cells. Afterwards, seeing that PPARy-Cla
showed an increasing expression that reached a spike of
55-fold induction compared to control in MesenCult
PLUS treatment and only reached a spike of about 20-
fold induction in “3 + 4 hormonal cycles” experiment, we
have supposed that the low expression of UCP-1 reflects
a PPARy-Cla trend. This is the only examined marker
whose expression was higher in treated hMSCs than in
human mature adipocytes. This could be explained by the
fact that PPARy-Cla is a differentiation marker ex-
pressed at low levels in mature adipocytes. In fact, pre-
liminary observations show that in prolonging our exper-
iments PPARy-Cla expression has a decreasing trend
until the achievement of a mature adipocyte expression.
Interestingly, because PPARy-Cla and UCP-1 are typi-
cal brown adipocyte markers, we may argue that, starting
from day 13, the MesenCult PLUS experiment leads some
of our cells toward the brown phenotype.

Adipsin is a very late marker of adipocyte differenti-
ation. Adipsin expression in the MesenCult PLUS ex-

periment doubled at day 4 compared to that of nonin-
duced hMSCs and tripled at day 13. This fluctuating ex-
pression is consistent with the observation that genes are
switched on and off several times during cell differenti-
ation. On the other hand, in the “3 + 4 hormonal cycles”
experiment, adipsin cDNA levels had spikes at days 11
and 15. These days of maximal expression correspond to
the second cycle of hormonal induction.

Compared to results obtained for the other differenti-
ation markers, leptin levels, measured in the MesenCult
PLUS experiment, was surprisingly high for days 10, 13,
16, and 20 (10°-fold higher than the control). Our posi-
tive control still maintained the highest observed expres-
sion. Leptin expression in the “3 + 4 hormonal cycles”
showed no significant difference among various check
points. Also, in this case, the positive control still ex-
pressed leptin at the expected high levels.

The results from the two time-course experiments led
us to assess that MesenCult PLUS medium caused
changes in the expression of the five examined adipoge-
nesis markers that were more remarkable than the other
experimental protocol. Otherwise, these differences were
not reflected by morphological appearance because, com-
pared with the MesenCult PLUS protocol, a higher per-
centage of cells cultured according to the “3 + 4 hor-
monal cycles” protocol presented a typical adipocyte
phenotype. By analyzing these markers during time-
course experiments, we could monitor their levels of
expression over 3—4 weeks; in particular, during the
MesenCult PLUS treatment, we recorded increased ex-
pression at day 13 or 20 according to delayed adipogen-
esis differentiation under our conditions. In the case of
the “3 + 4 hormonal cycles” experiment, the increased
expression levels of some markers appeared to corre-
spond to the second hormonal cycle according to the lit-
erature (29), although the expression levels were not as
consistent as in the previous protocol.

We conclude that due to species and culture condi-
tions, results from different studies are occasionally quite
controversial, so our work provides a reliable model for
understanding adipogenesis. Clearly, further studies are
required to understand how to reproduce real stimuli that
induce adipogenesis in vivo. Starting from our observa-
tion of a delayed adipogenesis, prolonging the weeks of
induction could show intriguing information. Under-
standing in vivo differentiation mechanisms will shed
light on the physiology and pathology of many diseases,
such as obesity and type II diabetes.
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