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Abstract

The homing properties of adipose tissue-derived mes-
enchymal stem cells (AdMSCs) have stimulated intra-
venous applications for their use in stem cell therapy.
However, the soluble factors and corresponding cel-
lular receptors responsible for inducing chemotaxis of
AdMSCs have not yet been reported. In the present
study, the migration capacity of human AdMSCs
(hAdMSCs) toward various cytokines or growth fac-
tors (GFs) and the expression of their receptors were
determined. In a conventional migration assay,
PDGF-AB, TGF-B1, and TNF-a showed the most effec-
tive chemoattractant activity. When AdMSCs were pre-
incubated with various chemokines or GF, and then al-
lowed to migrate toward medium containing 10% FBS,
those preincubated with TNF-a showed the highest

migratory activity. Next, hAAMSCs were either pre-
incubated or not with TNF-q, and allowed to migrate in
response to various GFs or chemokines. Prestimulation
with TNF-a increased the migration activity of
hAdMSCs compared to unstimulated hAdMSCs. When
analyzed by FACS and RT-PCR methods, hAdMSCs
were found to express C-C chemokine receptor type 1
(CCR1), CCR7, C-X-C chemokine receptor type 4
(CXCR4), CXCR5, CXCR6, EGF receptor, fibroblast
growth factor receptor 1, TGF-p receptor 2, TNF re-
ceptor superfamily member 1A, PDGF receptor A and
PDGF receptor B at both the protein and the mRNA
levels. These results indicate that the migration ca-
pacity of hAAMSCs is controlled by various GFs and
chemokines. Prior in vitro modulation of the homing
capacity of hAdMSCs could stimulate their movement
into injured sites in vivo when administered intra-
venously, thereby improving their therapeutic
potential.
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Introduction

Adult mesenschymal stem cells (MSCs) have an
inherent capacity to self-renew and to differentiate,
making them very attractive for use in cell therapy
and regenerative medicine. MSCs are found in
various tissues, including bone marrow (Pittenger
et al., 1999), umbilical cord blood (Erices et al., 2000),
placenta (in 't Anker et al., 2004) and fats (Zuk et
al.,, 2001). In particular, adipose tissue-derived
MSCs (AdMSCs) have recently received attention
as a promising source of cells for stem cell therapy.
AdMSCs can be easily harvested from patients by
a simple, minimally invasive method and are more
abundant than bone marrow-derived mesenchymal
stem cells (BMMSCs). Adipose tissues contain
hundreds of thousands of MSCs in each gram of
fat (Sen et al., 2001), while BMMSCs in the bone
marrow fraction constitute a mere 0.0001-0.01% of
all nucleated cells (Pittenger et al., 1999). Similar to
BMMSCs, the efficacy of AAMSCs in treating various
diseases has been reported using animal models



(Mizuno, 2010). Local or systemic administration of
AdMSCs was reported to induce repair of
myocardial infarction (Cai et al., 2009), liver injury
(Banas et al., 2008), hypoxia-ischemia-induced
brain damage (Wei et al., 2009), allergic rhinitis
(Cho et al., 2009) and muscular dystrophy (Bacou
et al., 2004).

One of the more interesting characteristics of
MSCs is their ability to migrate to areas of tissue
injury. MSCs delivered intravenously following
myocardial infarction were localized to the infarct
region and improved ventricular function (Saito et
al., 2002). Furthermore, localized abdomen irradiation
significantly enhanced the homing of BMMSCs to
radiation-injured tissues of mice (Mouiseddine et
al., 2007). Numerous in vitro and in vivo studies
have shown that chemokines or growth factors
(GFs) are involved in the trafficking of BMMSCs to
the injury region. The evidence suggests that
interactions of stromal cell-derived factor-1o. (SDF-1c)
and C-X-C chemokine receptor type 4 (CXCR4)
mediated the trafficking of transplanted BMMSCs
in a rat model of left hypoglossal nerve injury. In
addition, BMMSCs were attracted by chemokines
that are presented in the supernatants of primary
cultures of human pancreatic islets both in vitro
and in vivo (Sordi et al., 2005).

A recent study demonstrated the homing
properties of intravenously administered AdMSCs to
cell-damaged areas in an allergic rhinitis animal
model (Cho et al., 2009). However, the soluble
factors and receptors that are responsible for
inducing chemotaxis of ADMSCs have not yet been
identified. Accordingly, the present study investigated
the in vitro migration ability of human AdMSCs
(hAdMSCs) in response to a panel of chemokines
and GFs, as well as their expression of receptors
for chemokines and GFs.

Results

Chemokines and GFs induce migration of AAMSCs

To confirm that chemokines and GFs can regulate
the migration of hAdMSCs, the chemotaxis of
hAdMSCs toward chemokines and GFs was tested
using an in vitro cell migration assay. As shown in
Figure 1A, the GFs used in this study were better
chemoattractants than the chemokines, and all of
the GFs employed exhibited the ability to attract
hAdMSCs. The highest chemotactic activity was
observed with PDGF-AB (~10.3-fold when compared
with unstimulated control cells), TGF-B1 (~7.3-fold)
and TNF-a (~6.6-fold). While the chemokines
employed were also able to induce migratory activity,
the corresponding values for the chemokines did
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Figure 1. Migratory capacity of human adipose tissue-derived mesen-
chymal stem cells (hAdMSCs) toward chemokines and growth factors
(GFs) in vitro. (A) Migration of unstimulated hAdMSCs. The hAdMSCs
were plated and allowed to migrate toward medium containing chemo-
kines or GFs (100 ng/ml). (B) Migration of hAdMSCs prestimulated with a
GF or chemokine. The hAdMSCs were prestimulated with RANTES,
SDF-1a, HGF, TNF-a, PDGF-AB or TGF-31 (100 ng/ml for 24 h) and al-
lowed to migrate toward medium containing 10% FBS. (C) Migration of
hAdMSCs prestimulated with TNF-o.. The hAdMSCs were prestimulated
with TNF-a. (100 ng/ml for 24 h) and were allowed to migrate toward me-
dium containing each chemokine or GF (100 ng/ml). (D) Representative
crystal violet stained cells. Images show unstimulated hAdMSCs migrat-
ing toward FBS free medium alone (a) or PDGF-AB (b) and TNF-a pres-
timulated hAdMSCs migrating toward PDGF-AB (c). Columns represent
the mean percentage of migrating cells relative to the negative control,
and bars represent the SD from three independent experiments. FBS-free
and 30% FBS-containing medium were used as the negative and pos-
itive control, respectively. *,#P < 0.05. Scale bar = 200 pm.
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Figure 2. Representative expression of chemokine and growth factor (GF) receptors in human adipose tissue-derived mesenchymal stem cells
(hAdMSCs) as assessed by flow cytometry. Histograms represent the surface expression of chemokine (A) and GF receptors (B). Expression of CCR2 is
shown in PBMCs (C), and expression of IGF1R and c-Met is shown in A549 cells (D). The shaded regions indicate cells stained with anti-chemokine or
anti-GF receptor antibodies, and the black line indicates the control (background) staining. The numbers in the histograms represent the percentage of
cells that were positive for a given chemokine or GF receptor.

not reach the

levels obtained with PDGF-AB,

TGF-B1 and TNF-a. Among the chemokines, SDF-1a
(~4.9-fold), B-cell attracting chemokine-1 (BCA-1)

(~4.8-fold), C-X-C motif chemokine 16 (CXCL16)
(~4.5-fold) and RANTES (~3.3-fold) showed the best
chemoattractant activity. The migration capacity of



hAdMSCs in the presence of serum-free culture
medium alone was low (negative control), although
it increased in the presence of 30% FBS (positive
control).

To evaluate whether the migration activity of
hAdMSCs could be influenced by prior stimulation
with chemokines or GFs, hAdJMSCs were pretreated
with RANTES, SDF-1a, hepatocyte growth factor
(HGF), TNF-a, PDGF-AB or TGF-B1. As shown in
Figure 1B, hAAMSCs pretreated with TNF-o showed
the highest chemotaxis in response to 10% FBS;
prestimulation with TNF-a, increased cell migration
about 5.37-fold when compared with unstimulated
control cells. Human AdMSCs were therefore
pretreated with TNF-a (100 ng/ml) for 24 h, and the
migratory response to the chemokines and GFs
was again investigated (Figure 1C). TNF-o-primed
hAdMSCs showed increased chemotaxis; compared
with untreated hAdMSCs, pretreatment with TNF-a
enhanced their migratory capacity by about
1.3-4.4-fold in response to the chemokines or GFs
(Figure 1C). Furthermore, pretreatment with TNF-a
increased the migration capacity of hAdMSCs by
13-fold in response to 30% FBS compared to
untreated hAdMSCs (data not shown).

Human AdMSCs express chemokine and GF
receptors

The expression of receptors for chemokines and
GFs in hAdMSCs was next investigated by flow
cytometry and RT-PCR methods. As shown in
Figure 2, flow cytometry analysis demonstrated
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Figure 3. Transcription of chemokine and growth factor (GF) receptors in
human adipose tissue-derived mesenchymal stem cells (hAdMSCs).
Images show the expression of chemokine (A) and GF receptors mRNA
(B) in hAdMSCs detected by RT-PCR. (A) M: marker, lane 1: CCR1 (380
bp), lane 2: CCR2 (474 bp), lane 3: CCR7 (461 bp), lane 4: CXCR4 (489
bp), lane 5: CXCR5 (494 bp), lane 6: CXCR6 (517 bp) and lane 7:
GAPDH (362 bp). (B) M: marker, lane 1: EGF-R (419 bp), lane 2:
TGFBR2 (498 bp), lane 3: PDGFRA (187 bp), lane 4: PDGFRB (508 bp),
lane 5: IGF1R (299 bp), lane 6: c-Met (201 bp), lane 7: TNFRSF1A (218
bp), lane 8: FGFR1 (250 bp) and lane 9: GAPDH (362 bp). The products
for the GAPDH housekeeping gene were used as positive controls.
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that hAAdMSCs expressed C-C chemokine receptor
type 1 (CCR1; receptor for RANTES), CCR?7 [receptor
for macrophage inflammatory protein (MIP)-3p],
C-X-C chemokine receptor type 4 (CXCRA4; receptor
for SDF-1a), CXCR5 (receptor for BCA-1) and
CXCR6 (receptor for CXCL16). The cells also
expressed EGF-R, fibroblast growth factor (FGF)
receptor 1 (FGFR1), TGF-p receptor 2 (TGFBR2),
TNF receptor superfamily, member 1A (TNFRSF1A,
CD120a), PDGF receptor A (PDGFRA, CD140a)
and PDGF receptor B (PDGFRB, CD140b). Human
AdMSCs did not express CCR2, insulin-like growth
factor (IGF) receptor 1 (IGF1R) or HGF receptor
(HGFR, c-Met) at the protein level. However, the
expression of CCR-2 in peripheral blood mononuclear
cells (PBMCs), and the expression of IGF1R and
c-Met in the human lung cancer cell line A549,
were observed by flow cytometry, confirming the
specificity of the antibodies (Figures 2C and 2D).

As shown in Figures 3A and 3B, RT-PCR
analysis demonstrated that hAdMSCs expressed
CCR1, CCR2, CCR7, CXCR4, CXCR5 and CXCR6
chemokine receptors and EGF-R, FGFR1, TGFBR2,
TNFRSF1A (CD120a), PDGFRA (CD140a), PDGFRB
(CD140b) and c-Met GF receptors. The sequences
of the products were confirmed by direct sequence
analysis (data not shown). However, hAdMSCs did
not express IGF1R (CD121) mRNA. The results of
flow cytometry and RT-PCR analysis are summarized
in Table 1.

Table 1. Protein and mRNA transcription of chemokine and growth
factor receptors in human adipose tissue-derived mesenchymal stem
cells

Cell surface receptor Expression Transcription
(Chemokine) (Flow cytometry) (RT-PCR)
CCR1 (RANTES) + +
CCR2 (MCP-1) - +
CCR7 (MIP-3B) + +
CXCR4 (SDF-1a) + +
CXCR5 (BCA-1) + +
CXCR®6 (CXCL16) + +
Cell surface marker Expression Transcription
(Growth factor) (Flow cytometry) (RT-PCR)
EGF-R (EGF) + +
FGFR1 (basic FGF) + +
TGFBR2 (TGF-p1) + +
PDGFRA (PDGF-A) + +
PDGFRB (PDGF-B) + +
IGF1R (IGF-1) - -
c-Met (HGF) - +
TNFRSF1A (TNF-o) + +

+, detected; -, not detected.
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Discussion

The present study demonstrated for the first time
that hAdMSCs can migrate in vitro in response to a
large set of chemotactic factors, including chemokines
and GFs. However, the chemotactic activity of
chemokines toward hAdMSCs appeared to be less
efficient than the chemotactic activity of GFs. The
migratory activity of hAdMSCs was further enhanced
by prestimulation with chemokines or GFs, especially
TNF-o. In addition, hAdMSCs expressed distinct
sets of receptors for chemokines and GFs that are
required for migration in response to these soluble
factors.

Autologous and allogenic transplantation of
AdMSCs has been shown to be effective in treating
various diseases (Mizuno, 2010). There are various
possible routes of administration of MSCs, including
intravenous (Banas et al., 2008), intraarterial (Lu et
al., 2001) or intracerebral (Chen et al., 2000)
routes. Of these routes, intravenous administration
is a convenient strategy if the cells are delivered to
the injury site after systemic circulation through the
lung. Recent demonstration of the in vivo homing
properties of BMMSCs and AAMSCs has stimulated
interest into intravenous applications of MSCs in
cell therapy (Mosna et al., 2010). However, as
noted above, the soluble factors inducing the
migration of AMSCs have not heretofore been
reported. This study showed that PDGF-AB, TGF-B1
and TNF-a had more chemoattractive activity
toward these cells than the other soluble factors
tested. In line with these results, PDGF was found
to be a powerful chemotactic factor for MSCs,
including osteoblasts from human and rat tissues
(Fiedler et al., 2002). In addition, TGF-B is known
to be an important component of the overall
process of wound healing, triggering a multitude of
reactions needed for cell migration (Seomun et al.,
2008).

Previous work demonstrated that BMMSCs that
were pretreated with TNF-a exhibited enhanced
migration capacity toward chemokines such as
RANTES (Ponte et al., 2007). The enhancing
effect of TNF-a pretreatment could potentially be
mediated by modulating the expression of
receptors for GFs and chemokines and/or ligand
binding activity. In this regard, TNF-a-stimulation of
BMMSCs increased the expression of FGFR2,
CCR2, CCR3 and CCR4 as well as the binding of
RANTES to CCR3 (Ponte et al., 2007). Hence,
TNF-a stimulation apparently increased the migration
capability of BMMSCs toward RANTES by enhancing
the expression of the CCR3 receptor and the
interaction of RANTES with CCR3.

Based on these results (Ponte et al., 2007) and

the similarities between AdMSCs and BMMSCs,
the hypothesis was evaluated that pretreatment of
hAdMSCs with a chemotactic factor or GF would
similarly enhance their migration capability. Indeed,
pretreatment of hAdMSCs with chemokines and
GFs, especially TNF-a, augmented their response
to migratory signals. The mechanism of action of
pretreatment of hAdMSCs with TNF-a is currently
unknown, but it is also likely to be mediated by the
enhanced expression of TNF-a receptors and/or
increased receptor binding by TNF-a. The TNF-a
priming effect might also be mediated through the
PI3K signaling pathway. In this regard, G-CSF
signaling induces PI3K-mediated Akt phosphorylation,
increasing membrane type 1-matrix metalloproteinase
(MT1-MMP) expression. MT1-MMP-mediated CD44
proteolysis then results in human CD34+ progenitor
cell egression and mobilization (Vagima et al.,
2009). Further investigation will be necessary to
understand the precise mechanism underlying the
priming effect of TNF-a pretreatment on the
migratory capability of hAdMSCs. However, taken
together, the results of this study suggest that such
pretreatment will increase the in vivo migratory
capabilities of hAAdAMSCs. This would, in turn, allow
them to move more readily into an injured region,
thereby increasing their therapeutic potential in the
clinical setting.

As hAdMSCs demonstrated a chemotactic re-
sponse to chemokines and GFs, the expression of
receptors for chemokines and GFs was next
analyzed. The results demonstrated that hAAMSCs
expressed chemokine CC (CCR1, CCR7) and CXC
(CXCR4, CXCR5, CXCR®6) and GF (EGF-R, FGFR1,
TGFBR2, PDGFRA, PDGFRB, TNFRSF1A) receptors
at the protein and mRNA level, as evidenced by
flow cytometry and RT-PCR analysis. However,
hAdMSCs did not express CCR2, IGF1R or c-Met
at the protein level, although they did express
mRNAs for CCR2 and c-Met, but not IFGR1.
Therefore, it seems likely that CCR2 and c-Met
mRNAs were transcribed but not translated into
protein, whereas IGF1R was not expressed at all.
On the other hand, both HGF and IGF-1 promoted
the migration of hAdMSCs in vitro (Figure 1),
although the hAdMSCs did not express the
receptors for these chemokines at the protein level.
It is possible that HGF or IGF-1 may bind non-
specifically to other receptors and thereby induce
cellular migratory activity. The exact reason for this
discrepancy is currently unknown and requires
further study.

In conclusion, the present study demonstrates
that the migration of hAAMSCs is regulated by GFs
and chemokines, and can be enhanced by
pretreatment with particular GFs and chemokines.



This treatment strategy has great promise for in
vivo applications to improve the delivery of
hAdMSCs to cell-damaged injury sites, thereby
increasing their treatment efficacy.

Methods

Culture of human adipose tissue-derived
mesenchymal stem cells

Human adipose tissues were obtained by simple lip-
osuction from abdominal subcutaneous fats with informed
consent. Subcutaneous fats were digested with RTase (4
ml per 1 g fat; RNL BIO Co., Ltd., Seoul, Korea) for 60 min
at 37°C. The digested tissues were filtered through a 100
um nylon sieve to remove cellular debris. Tissues were
then centrifuged at 470 g for 5 min to obtain a pellet. The
pellet was resuspended in RCME cell attachment medium
(RNL BIO Co., Ltd.) and cultured overnight at 37°C in a hu-
midified atmosphere containing 5% CO,. After 24 h, non-
adherent cells were removed and washed with PBS. The
cell medium was changed to RKCM cell growth medium
(RNL BIO Co., Ltd.) containing 5% FBS (Invitrogen,
Carlsbad, CA). The cells were maintained for 4 days until
confluent (passage zero). When the cells reached 90%
confluency, they were subcultured and expanded in RKCM
for two or three passages. They were then used for
experiments. The stem cell potency of the cultured
hAdMSCs was confirmed by their expression of MSC spe-
cific proteins and their differentiation potency (data not
shown).

Culture of human lung cancer cells

The human lung cancer cell line A549 was purchased from
the Korean Cell Line Bank (Seoul, Korea). The cells were
cultured in RPMI-1640 medium (Invitrogen) supplemented
with 10% FBS. Cultures were maintained at 37°C in a hu-
midified atmosphere containing 5% CO,.

Cell migration assay

The migration assay was performed using a Transwell two-
chamber cell culture method and Transwell inserts (3422;
Corning, Cambridge, MA) with an 8 um pore polycarbonate
membrane. The uppermost side of the Transwell mem-
brane was coated with 0.1% gelatin in PBS (Sigma-Aldrich,
St. Louis, MO) for 2 h at 37°C. In Experiment 1, un-
stimulated hAJMSCs were seeded at a density of 2.0 X
10* cells/200 ul in the upper chamber of the Transwell ap-
paratus and incubated for 2 h at 37°C in a humidified at-
mosphere containing 5% CO.. Cells were allowed to mi-
grate toward medium (500 pl) in the lower chamber con-
taining chemokines or GFs (100 ng/ml). In Experiment 2,
hAdMSCs were prestimulated with RANTES, SDF-1q,
HGF, TNF-o, PDGF-AB or TGF-B1 (100 ng/ml for 24 h)
and were seeded at a density of 2.0 X 10* cells/200 ulin
the upper chamber of the Transwell apparatus and in-
cubated for 2 h at 37°C in a humidified atmosphere con-
taining 5% CO.. Cells were allowed to migrate toward me-
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dium (500 pl) in the lower chamber containing 10% FBS. In
Experiment 3, cells were pretreated with TNF-a. (100 ng/ml
for 24 h) and were seeded at a density of 2.0 x 10*
cells/200 pl in the upper chamber of the Transwell appara-
tus and incubated for 2 h at 37°C in a humidified atmos-
phere containing 5% CO,. Cells were allowed to migrate
toward medium (500 pl) in the lower chamber containing
each chemokine or GF (100 ng/ml). The chemokines and
GFs employed were RANTES, MCP-1, MIP-33, SDF-1q,
BCA-1, CXCL16, EGF, basic FGF (bFGF), HGF, TGF-p1,
IGF-1, PDGF-AB and TNF-a. Each factor was obtained
from PeproTech (Rocky Hill, NJ). Migration observed in se-
rum-free and 30% FBS-containing media were employed
as the negative and positive control, respectively. After 24
h of incubation at 37°C in a humidified atmosphere contain-
ing 5% CO2, non-migratory cells were carefully removed
from upper face of the Transwell insert with a cotton swab.
The attached cells remaining on the Transwell insert were
fixed with 70% methanol and stained with 0.5% crystal vio-
let in 20% methanol for 1 h. After washing, the stained
cells that had migrated from the upper to the lower side of
the membrane were counted under an inverted bright-field
microscope at X 100 magnification. The number of mi-
grated cells was expressed as the percent change from the
control value. Each experiment was performed in triplicate.

Flow cytometry analysis

Human AdMSCs were detached from flasks by trypsiniza-
tion, washed twice in PBS and resuspended in PBS (100
ul) containing 10% FBS. Cells were incubated for 2 h at
4°C with the following FITC- or phycoerythrin-conjugated
antibodies to chemokine or GF receptors: anti-human
CCR1 (MAB145), anti-human CCR2 (MAB150), anti-human
CCR7 (MAB197), anti-human CXCR4 (MAB170), anti-human
CXCR5 (MAB190), anti-human CXCR6 (MAB699) or an-
ti-human HGFR/c-Met (FAB3582F) (all from R&D Systems,
Minneapolis, MN); anti-human EGF-R (555997), anti-hu-
man PDGFRA (556002), anti-human PDGFRB (558821),
anti-human TNFRSF1A (550514) or anti-human IGF1R
(555999) (all from BD Pharmingen, San Diego, CA); an-
ti-TGFBR2 (SC-17799) (from Santa Cruz Biotechnology,
Santa Cruz, CA); or anti-human FGFR1 (ab823) (from
Abcam, Boston, MA). Dilution of the antibodies was 1:100.
As a negative control, the staining procedure was per-
formed in the absence of the primary antibody. Human
PBMCs were used as positive control for the anti-CCR2
antibody (Reale et al., 2008), and A549 cells were used as
positive control for the anti-IGF1R and c-Met antibodies (To
et al., 2002; Kong et al., 2008). Data were acquired using a
BD FACS Calibur flow cytometry system (BD Biosciences)
and are presented as the percentage of cells expressing
each protein.

RNA extraction and RT-PCR

Total RNAs were extracted using an Easy-spin™ Total
RNA Extraction Kit (iNtRON Co., Seongnam, Korea). The
cDNAs were synthesized from 2 pg of total RNA using
RevoScript™ RT PreMix (iNtRON). Reverse transcription
(RT) was performed for 60 min at 50°C, and reverse tran-
scriptase inactivation was performed for 5 min at 95°C.
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The cDNAs were subjected to PCR amplification with pri-
mers as described in the Supplemental Data Table S1. The
RT reaction mixture (2 pl) was added to a PCR mix con-
taining 1.5 mM MgCl,, 0.2 mM dNTP, 0.4 pM of each pri-
mer and 0.5 U h-Tag DNA polymerase (SolGent, Seoul,
Korea) in a total volume of 20 ul. The PCR reactions were
performed for 40 cycles. Each cycle consisted of an initial
denaturation at 95°C for 15 min, followed by 95°C for 20 s,
an annealing reaction at a specified annealing temperature
(Supplemental Data Table S1) for 40 s, followed by 72°C
for 1 min. The reaction was terminated by a final extension
at 72°C for 5 min. GAPDH was used as a positive control.
The PCR products were resolved by electrophoresis on
2% agarose gels and visualized by ethidium bromide stain-
ing using a LAS-3000 imaging system (Fuijifiim Europe,
Sint Niklaas, Belgium). The experiments were repeated
three times with independent samples.

Statistical analysis

Data are representative of three individual experiments with
triplicate samples and are presented as mean values =
SD. The data were analyzed using the multivariate ANOVA
(SPSS Ver. 17.0) followed by Tukey's t-test. P-values of
less than 0.05 were considered statistically significant.

Supplemental data

Supplemental Data include a table and can be found with
this article online at http://e-emm.or.kr/article/article_files/
SP-43-10-07.pdf.
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