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Abstract: There are a wide variety of extracellular matrices

that can be used for regenerative purposes. Placental tissue-

based matrices are quickly becoming an attractive option

given the availability of the tissue source and the wide

variety of bioactive molecules knows to exist in unprocessed

placental tissues. As fresh placental tissues are seldom an

option at the point of care, we examined both the composi-

tion and bioactivity of a commercially packaged flowable

placental connective tissue matrix (FPTM) (BioECMVR , Skye

Biologics, Inc.) that was preserved by the proprietary

HydraTekVR process. The FPTM contained significant amounts

of collagen and various growth factors such as bFGF, EGF,

PDGF, KGF, and PIGF. In addition, it contained high levels of

tissue inhibitors of metalloproteinases (TIMP-1 and 2) and

molecules known to modulate the immune response includ-

ing TGF-b and IL-4. In terms of its bioactivity, the FPTM

displayed the ability (1) to suppress INF-c secretion in acti-

vated T-cells nearly fourfold over control media, (2) to inhibit

methicillin resistant Staphylococcus aureus (MRSA) and

Staphylococcus saprophyticus proliferation, (3) to increase

the migration of adipose-derived stem cells (ASCs) nearly

threefold over control media and (4) to adhere to ASCs in cul-

ture. When ASCs were exposed to FPTM in culture, the cells

maintained healthy morphology and showed no significant

changes in the expression of five genes involved in tissue

growth and repair as compared to culture in standard growth

media. VC 2018 The Authors Journal of Biomedical Materials Research

Part B: Applied Biomaterials Published by Wiley Periodicals, Inc. J

Biomed Mater Res Part B: Appl Biomater 00B: 000–000, 2018.
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INTRODUCTION

Extracellular matrices (ECMs) are widely used to augment
wound healing and tissue repair for a variety of injuries in
both surgical and nonsurgical applications. In addition to
providing a substrate for tissue reconstruction, many ECM
scaffolds can sequester and release growth factors1,2 that
can promote tissue regeneration through (1) the modulation
of the immune response3 and (2) the recruitment and stim-
ulation of stem/progenitor cells and fibroblasts.4

While synthetic ECM options can serve as scaffolds,
ECMs derived from placental tissues have many additional
beneficial properties largely due to the complexity of the
natural tissue. In particular, placental derived membranes
provide a more suitable scaffolding for tissue remodeling as
they are rich in various types of collagens and other struc-
tural proteins such as laminins, fibronectins, and proteogly-
cans.5 These placental tissues also contain a variety of
growth factors known to play a role in the normal healing
process such as transforming growth factor-b (TGF-b),

epidermal growth factor (EGF), platelet derived growth
factor (PDGF), and vascular endothelial growth factor
(VEGF).5–8 In addition, placental membranes have been
shown to regulate inflammation, prevent fibrosis, and limit
microbial growth, all while eliciting little or no immune
response in the recipient.9–12

As a result, fresh human placenta tissue has been used
to treat a variety of injuries including cutaneous lesions and
corneal defects.12–14 It has also been used successfully in
animal models of cartilage and tendon repair, cardiac ische-
mia, and liver fibrosis.15–19 Given the difficulties inherent in
using fresh placental tissues at the point of care such as
limited tissue availability, lack of sterility, and the need for
rapid pathogen screening, a variety of processes have been
developed to preserve placental membranes for subsequent
therapeutic use.5,7,20,21

While these processes serve to make placental ECMs
more readily available, damage to the tissue during the
preservation process can not only disrupt the structural and
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bioactive components of the ECM, but it can also inhibit the
natural degradation of the ECM and the subsequent release
of key growth factors.7,22–24 Therefore, when using a com-
mercially processed placental tissue, it is essential to deter-
mine that the product retains structural and bioactive
molecules and the ability to modulate the healing process
through the recruitment and regulation of stem/progenitor
cells, immune cells, and fibroblasts.

In this study, we evaluated the bioactivity and composi-
tion of a BioECMVR flowable placental derived complete con-
nective tissue matrix (FPTM) product in which the extracted
placental tissue is processed by a proprietary HydraTekVR

process (Human Regenerative Technologies, LLC, El Segundo,
CA). While processing leaves the placental matrix devoid of
live cells, it produces a flowable connective tissue scaffolding
matrix that is stable at room temperature. In this study, we
examined the levels of structural and bioactive components
that are present in the processed FPTM. In addition, we
examined the ability of the FPTM to modulate immune cell
function, to suppress bacterial growth, and to stimulate
migration and adhesion of mesenchymal stem cells in vitro.

METHODS

Flowable placental tissue matrix allograft
The flowable placental tissue matrix allograft (FPTM: Active-
MatrixVR ) is a flowable placental tissue matrix harvested
from the connective tissue of human placentas sourced
from selectively screened Cesarean section deliveries and
processed with proprietary HydraTekVR Technology; (A Bio-
ECMVR product processed exclusively for Skye Biologics).
FPTM is created by a proprietary cleansing, processing, and
preservation process that utilizes connective tissue from
various portions of the placental organ. Once extracted, the
HydraTek BioAware preservation system cleanses the source
tissues using inert, nontoxic, pH-balanced solutions and
agents. The process then uses a hydrodynamic system to sta-
bilize the tissues, which maintains a precise level of moisture
in the fresh-preserved flowable product forms. This system
avoids a heat or freeze-drying process and eliminates the use
of common industry additives such as formaldehyde, glutaral-
dehyde, or other chemical cross-linking agents that can
adversely affect the structural organization and bioactivity of
the tissue.

Collagen measurement
Total collagen content was measured in six FPTM samples
from six different lots using the QuickZyme Total Collagen
Assay Kit. Briefly, the extracted connective tissue in the
FPTM was pelleted via centrifugation at 20,000g for 10 min.
The tissue pellet was subjected to acid hydrolysis to liberate
the hydroxyproline residues from the collagen in the tissue.
The hydrolyzed samples were diluted and then the hydroxy-
proline residues were oxidized according to the manufac-
turer’s instructions. The oxidized hydroxyproline levels in
the samples were then measured using a colormetric assay
on a Tecan Infinite 200Pro plate reader. The values were
compared to a collagen standard curve to determine the col-
lagen concentrations of the samples.

Growth factor, cytokine, and TIMP quantification via
multiplex ELISA array
Levels of various growth factors, cytokines, and metallo-
proteinase inhibitors were measured in the FPTM. Eleven
FPTM samples, each from a different lot, were tested
using a multiplex ELISA (RayBiotech). The FPTM was cen-
trifuged at 20,000g for 10 min to pellet the extracted con-
nective tissue and separate the fluid component. The fluid
was stored at 2808C until analysis. To extract factors from
the connective tissue pellet, it was incubated in tissue pro-
tein extraction buffer (Thermo-Fisher) supplemented with
Halt Protease Inhibitor Cocktail (Thermo-Fisher) for 24 h
at 48C. Following the incubation, the extracted connective
tissue was then homogenized manually and then centri-
fuged at 10,000g for 10 min to pellet the membrane frag-
ments. The extract supernatant was removed and stored
at 2808C until analysis. For analysis, a custom Quantibody
ELISA array (RayBiotech) was used to determine the lev-
els of the following twelve proteins in the samples: plate-
let derived growth factor-AA (PDGF-AA), platelet derived
growth factor-BB (PDGF-BB), basic fibroblast growth fac-
tor (bFGF), epidermal growth factor (EGF), keratinocyte
growth factor (KGF), placental growth factor (PIGF),
interleukin-4 (IL-4), transforming growth factor-beta1
(TGF-b1), transforming growth factor-beta3 (TGF-b3), vas-
cular endothelial growth factor (VEGF), tissue inhibitor of
metalloproteinase-1 (TIMP-1), and tissue inhibitor of
metalloproteinase-2 (TIMP-2). The arrays were processed
following the manufacturer’s instructions and were read
using a standard microplate reader. The raw data was
then analyzed using custom software (RayBiotech) to
determine the level of the various factors in the samples.
Because of the high limit of detection for TGF-b1 on the
multiplex array, the TGF-b1 levels in the extracts were
determined using an ELISA test kit manufactured by
RayBiotech.

Isolation and establishment of ASC cell lines
Primary ASC lines were established by isolating cells from
excess liposuction aspirates harvested from subcutaneous
adipose tissue of subjects that were undergoing elective
orthopedic procedures at the Trinity Sports Medicine and
Performance Center Clinic. The ASC isolation and cultur-
ing procedure was performed as described previously.25

(The use of human tissue samples was approved by the
Franciscan University of Steubenville’s Institutional
Review Board.) The effect of the FPTM was assessed on
ASC cells lines that were established from different indi-
viduals. For example, in the case of the gene expression
assay, ASC cell lines were established from four different
individuals.

In vitro effects of FPTM on ASCs: Cell adhesion and
gene expression
Passage 2 ASCs were plated in six-well dishes at a concen-
tration of 5000 cells/cm2. The cells were incubated for 48 h
in DMEM/F12 media supplemented with 10% fetal bovine
serum (FBS) and antibiotics (standard growth media). After
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48 h, the media was changed and cells were incubated in
standard growth media supplemented with 10% FPTM
(FPTM media) and allowed to grow for another 48 h.

To examine cell adhesion of the ASCs to the FPTM con-
nective tissue, the FPTM media was removed and the cells
were gently washed 43 with HBSS to remove any nonad-
herent extracted connective tissue. Pictures were taken of
the cells along with any adherent FPTM connective tissue
bound to the cells. Four pictures were taken at 1003 mag-
nification, one from each quadrant of the well, using a Leica
inverted scope with image modulation contrast (IMC). The
morphology was examined and the percentage of cells with
adhered FPTM connective tissue was scored for all four
pictures.

Separate wells were used to study the effect of the
FPTM on gene expression. Briefly, after 48 h incubation in
the FPTM media, the cells were washed with HBSS and
lysed with lysis buffer (BioRad). Total RNA was extracted
using the BioRad total Arum RNA prep kit with on-column
DNase digestion to eliminate genomic DNA. Quantity and
quality of the total RNA for each preparation was deter-
mined using a Nanoquant plate on a Tecan Infinite 200Pro
plate reader. RNA from each sample (�0.1 lg) was reverse
transcribed using iScript Reverse Transcription Supermix
(Bio-Rad). Gene expression levels were then evaluated by
performing real-time PCR reactions using a SYBR green PCR
kit (BioRad) and a MJ Mini thermal cycler (BioRad). All
reactions were carried out using validated primer pairs pur-
chased from RealTimePrimers.com.

The five genes that were examined were bone morpho-
genetic protein-2 (BMP-2), vascular endothelial growth
factor-B (VEGF-B), insulin-like growth factor-1 (IGF-1),
transforming growth factor-beta1 (TGF-b1), and platelet-
derived growth factor-B (PDGF-B). The follow primers
(RealTimePrimers.com) were used: BMP-2, Forward 50-ACC
AGG TTG GTG AAT CAG AA-30, Reverse 50-CAA TGG CCT TAT
CTG TGA CC-30; VEGF-B, Forward 50-AGA CTC AGC AGG GTG
ACT TG-30, Reverse 50-CTG GTA TGT GAC CCC TCT TG-30;
IGF-1, Forward 50-CCC CAC TCA CCA ACT CAT AG-30,
Reverse 50-GGT ATT TGG GGC CTT TAT GT-30; TGF- b1, For-
ward 50-CGT GGA GCT GTA CCA GAA ATA-30, Reverse 50-TCC
GGT GAC ATC AAA AGA TAA-30; PDGF-B, Forward 50-TTC
CTC CCC ATA CTC CAC TC-30, Reverse 50-CCC TGG CCT CTA
GTC TTC TG-30. All real-time PCR reactions were carried out
in duplicate and control reactions were performed using
templates that had been mock reverse-transcribed (no
reverse transcriptase). The control reactions confirmed that
genomic DNA had been efficiently removed. Relative gene
expression levels were calculated using a DDCq method
with GAPDH and RPL13A expression serving as reference
genes. The control primer sequences were as follows:
GAPDH, Forward 50-GAG TCA ACG GAT TTG GTC GT-30,
Reverse 50-TTG ATT TTGGAG GGA TCT CG-30; RPL13A, For-
ward 50-CCT GGA GGA GAA GAG GAA AGA GA, Reverse 50-
TTG AGG ACC TCT GTG TAT TTG TCA A-30. Previous work
identified these reference genes as being stably expressed in
ASCs following different culture conditions.26

In vitro suppression of T cell activation
Lymphocyte separation medium (Lonza) was used to purify
lymphocytes from fresh human blood obtained from healthy
donors using density gradient centrifugation. (The use of
human tissue samples was approved by the Franciscan Uni-
versity of Steubenville’s Institutional Review Board.) The
lymphocytes were plated in 96-well plates at a concentration
of 500,000 cells/ml with a total volume of 200 ll per well.
To test the FPTM, some of the wells were supplemented
with 20% (40 ll) of FPTM. (20% FPTM was used as it was
the lowest concentration of FPTM tested that displayed a
consistent ability to suppress INF-g secretion across lots.)
Five different vials of FPTM were tested, each from different
lots (A–E), and all vials were tested in duplicate.

The T cells were activated by adding 2uls of CD3/CD28
T-activator DynabeadsTM to each well per the manufac-
turer’s recommendations. The negative control well did not
receive beads while the positive control well did not receive
FPTM. The cells were incubated in the presence of the
DynabeadsTM for 48 h. After 48 h, the contents of each well
were transferred to Eppendorf tubes and spun in a micro-
centrifuge at maximum speed for 5 min. The supernatant
was removed and frozen at 2808C for further analysis. After
thawing, the level of INF-g in the supernatant was then
measured using an INF-g ELISA test manufactured by
RayBiotech.

Human ASC cell migration assay
Cell migration was analyzed in vitro using an 8 lm Cytose-
lectTM transwell migration assay (Cell Biolabs Inc.). Passage
2 ASCs were starved in serum-free DMEM/F12 media for
24 h prior to experimentation. Prior to adding the cells, 500
ll DMEM/F12 media (negative control) or DMEM/F12
media supplemented with 20% FPTM was added below the
membrane to the bottom well. (20% FPTM was used as it
was the lowest concentration of FPTM tested that displayed
a consistent ability to attract migrating ASCs across lots.)
Passage 2 ASCs suspended in 300 ll of serum-free DMEM/
F12 media were then added above the transwell membrane
at a concentration of 0.5 3 106/ml. The cells were incu-
bated in the transwell for 8 h under standard mammalian
cell culture conditions (378C and 5% CO2).

After 8 h, the migratory cells were detached from the
underside of the transwell membrane by incubating it for 30
min in cell detachment solution (Cell Biolabs Inc.). The
detached cells were then lysed and incubated with CyQuantV

R

GR dye and the lysates were read on a fluorescence plate
reader (Tecan Infinite 200Pro) at 480 nm/520 nm. To quan-
tify the cells that had migrated, a standard curve using pas-
sage 2 ASCs was generated. These cells were counted using a
Nexcelom CellometerVR Vision cell counter and known
amounts were lysed, incubated with CyQuantV

R

GR dye, and
read on the plate reader. This assay was performed using
FPTM samples (S1-S4) from four different lots.

Antibacterial assay
The ability of FPTM to suppress the growth of Methicillin
resistant Staphylococcus aureus (ATCC stock #BAA 1761)
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Staphylococcus saprophyticus (ATCC stock #15305) was
examined using a derivation of a previously published
resazurin-based assay.27,28 Samples from six different lots
were tested. A serial dilution of the FPTM was made in
standard nutrient broth media such that the wells had 100
ll of growth media/FPTM at FPTM concentrations of 50%,
25%, 12.5%, and 6.25%. From bacterial stock solutions that
contained 1 3 108 CFU/ml, 5 ll of the stock was added to
each well. After 10 h of incubation at 378C, 10 ll of 0.657%
resazurin solution was added to each well. The plates were
incubated at 378C for an additional 2 h, and then fluores-
cence was measured using a Tecan Infinite 200Pro plate
reader (520 nm/590 nm). Positive controls containing
media and bacteria and blanks containing only broth were
also analyzed. The ability of the FPTM to inhibit bacterial
growth is presented as a percent survival as compared to
the growth seen on media alone according to the following
formula29:

Percent survival5 ðSampleðabs 590Þ2 Positive controlðabs 590ÞÞ=
ðBlankðabs 590Þ2 Positive controlðabs 590ÞÞ3100

RESULTS

Collagen content of extracted connective tissue in FPTM
Six samples of the FPTM were analyzed for collagen content.
Each vial contained �300 mg of extracted connective tissue
by wet weight, which corresponds to roughly 45 mg of
extracted placental connective tissue by dry weight. The
collagen content of the samples averaged 9.26 2.2 mg per
vial, which indicates that 20% of the dry weight of the
extracted placenta connective tissue is collagen in the final
product. This percentage is similar to values previously pub-
lished for unprocessed placental membranes30 indicating
that the majority of the collagen content is retained in the
FPTM.

Growth factor, cytokine, and TIMP levels in FPTM
Using a multiplex ELISA array, the levels of specific growth
factors, cytokines, and TIMPs known to be associated with
tissue growth and repair were examined in 11 different
FPTM samples. Of the nine growth factors analyzed, eight of

them were detected in the FPTM samples (Table I). Of these
nine, transforming growth factor-b1 (TGF- b1), transforming
growth factor-b3 (TGF- b3), epidermal growth factor (EGF),
and basic fibroblast growth factor (bFGF) were found at lev-
els >100 pg/mL. Keratinocyte growth factor (KGF), placen-
tal growth factor (PIGF), platelet-derived growth factor-BB
(PDGFB), and platelet-derived growth factor-AA (PDGFA)
were all found at levels <100 pg/ml. Only vascular endothe-
lial growth factor (VEGF) was not present in levels that
could be reliably detected by the assay as only one of the
eleven samples contained detectable levels.

The cytokine IL-4, which has anti-inflammatory proper-
ties, was also examined and was found to be present in
relatively high amount in the FPTM samples, >200 pg/mL.
Finally, the levels of two tissue inhibitors of metalloprotei-
nases (TIMPs) were measured. Both TIMP1 and TIMP2
were detected in the FPTM at levels >7,000 pg/ml. The lev-
els for all of the molecules presented in Table I represent
the sum of amounts found in both the fluid and extracted
connective tissue portions of the FPTM product.

Suppression of T cell activation by FPTM
Upon activation, T cells secrete a variety of factors including
interferon-g. To assess the ability of the FPTM to modulate
the immune response in vitro, the amount of INF-g pro-
duced by activated human T cells was measured after 48 h
in the presence or absence of FPTM. T cells incubated with-
out DynabeadsTM (neg control) had no detectable levels of
INF-g secretion while the T cells incubated with the Dyna-
beadsTM (pos control) displayed high levels of INF-g secre-
tion, 33356382 pg/ml (Figure 1). The addition of 20% of
the flowable FPTM significantly inhibited T cell secretion of
INF-g as the secretion dropped to 8336 238 pg/ml.

Five samples of flowable FPTM (A–E) from different lots
were tested in this experiment. All five samples exhibited
the ability to inhibit INF-g secretion although the level of
inhibition varied between samples. Sample C had the

TABLE I. The Levels of 12 Bioactive Molecules in the FPTM

Bioactive Factor Concentration (pg/mL)

PDGF-AA 71.4 6 21.4
PDGF-BB 45.2 6 14.5
bFGF 165.5 6 53.2
EGF 298.8 6 108.0
KGF 9.16 6 3.00
PIGF 12.0 6 2.81
IL-4 230.7 6 77.6
TGF-b1 897.7 6 446.1
TGF-b3 506.4 6 95.8
VEGF N.D.
TIMP-1 7663 6 2869
TIMP-2 7188 6 1342

The level of each factor is reported as pg/mL of FPTM (n 5 11).

FIGURE 1. INF-gamma secretion following Dynabead T cell activation

in the presence or absence of 20% FPTM. INF-gamma secretion was

significantly inhibited by the addition of the placental product. INF-

gamma secretion was consistently reduced across five different lots

of FPTM (A–E). The 20% FPTM bar refers to the mean value of the

five different lots tested.
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greatest level of inhibition as INF-g secretion dropped to
2206 59 pg/ml while sample A had the lowest level as
INF-g secretion dropped to 18806 178 pg/ml (Figure 1).
Despite this variability, the FPTM consistently displayed the
ability to inhibit T cell production of INF-g.

Response of ASCs to FPTM in vitro
To examine the response of stem cells to FPTM, adipose-
derived stem cells (ASCs) were cultured in the presence of
FPTM. Four different passage 2 ASC cell lines were cultured
for 48 h in standard 10% FBS growth media supplemented
with 10% FPTM. There were no obvious changes in cell
morphology compared to control media (Figure 2) and the
ASCs exhibited normal morphology in all cases. However,
the ASCs did adhere tightly to the extracted connective tis-
sue contained in the FPTM. Over 95% of the ASCs in the
culture dish bound to the extracted connective tissue in the
10% FPTM. The tissue remained attached to the cells even
after repeated washing of the cells to remove any loosely
bound or unbound tissue (Figure 2). In addition, the tissue
did not display nonspecific binding to the culture dish (Fig-
ure 2) as unbound tissue was easily removed by the wash
steps. Even lower concentrations of FPTM (1%) displayed
tissue binding to the cells, although at a significantly lower
level as only between 10% and 20% of the cells bound tis-
sue under these conditions.

To further assess the effect that co-culture with FPTM
had on ASCs, we examined changes in the expression of a
select number of genes involved in healing, growth, and
repair of damaged connective tissue. A total of five genes
were examined in the four different primary ASC cell lines
using FPTM from four different lots; bone morphogenetic
protein-2 (BMP-2), transforming growth factor-beta (TGF-
beta), platelet-derived growth factor (PDGF), insulin growth
factor-1 (IGF-1), and vascular endothelial growth factor B
(VEGF-B).

The expression of four of these genes was increased but
not significantly by the addition of the FPTM (Figure 3);
BMP-2 (1.296 0.37 relative to control media), IGF-1
(1.606 1.27), TGF-B (1.206 0.32), and VEGF-B (2.1262.0).
PDGF-B showed a slight decrease in expression (0.6966

0.47) that was not statistically significant. There was some

variability in gene expression seen in different cells lines;
one cell line displayed a 3.3-fold increase in IGF-1 expression
in the presence of FPTM, while another cell line had a
decrease in expression; 0.44 compared to the control. This
level of variability is not surprising given the different
genetic make-up and patient specific history of each primary
ASC cell line used. Previous research has shown that there
exists a good deal of heterogeneity between ASCs derived
from different individuals and even from different regions
within the same individual.31,32 Overall though, these results
indicate that the FPTM does not have a negative effect on
ASC gene expression and cell behavior in vitro.

Stimulation of ASCs migration in vitro by FPTM
In addition to examining the effect that FPTM had on the
gene expression of ASCs, we tested the ability of the FPTM
to stimulate ASC migration in vitro using a transwell assay.
When the DMEM/F12 growth media supplemented with
20% of FPTM was used in the bottom of the transwell,
migration of ASCs through the membrane to the bottom of
the transwell increased roughly three-fold over the use of
DMEM/F12 control media alone. During the 8 h incubation
period, an average of 15,6626 1153 cells migrated in
response to the 20% FPTM as opposed to the average of
6,0756 263 cells that migrated in response to the control
media (Figure 4).

FIGURE 2. ASCs in culture bind to the placental connective tissue in FPTM product. (a) ASCs in control media. (b) ASCs in media supplemented

with 10% FPTM. Scale bar 5 100 lm.

FIGURE 3. Changes in gene expression in ASCs cultured in control

media versus 10% FPTM supplemented media. The addition of FPTM

did not significantly alter the expression of any of the genes tested

although the majority of the genes displayed a slight increase in

expression levels.
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To assess the variability in the ability of FPTM samples
to stimulate the migration of ASCs, we tested four different
FPTM samples (S1–S4), all of which had been prepared
from different lots. All four of the samples increased ASC
migration over control media and all four showed a very
similar ability to stimulation ASC migration. The average
number of migratory cells was 15,76565606 for sample
one, 14,9506 2426 for sample two, 16,5096 871 for sam-
ple three and 15,1896 2004 for sample four. While sample
one showed more intrasample variability than the other
three samples, there was very little variability between

samples (range of 14,950–16,509 migratory cells between
the samples) (Figure 4).

Antimicrobial properties of FPTM
The effects of FPTM on the growth of two medically
relevant bacterial strains—methicillin-resistant S. aureus
(MRSA) and S. saprophyticus—were also examined. Six dif-
ferent FPTM samples all displayed the ability to suppress
the growth of both strains (Figure 5). The inhibition of S.
saprophyticus showed a dose-dependent response with a
reduction in inhibition associated with a reduction of the
concentration of FPTM added. Growth of S. saprophyticus
was reduced 84.1% in 50% FPTM while it was only reduced
67.8% in 6.25% FPTM, a difference that was statistically
significant (p5 0.0267).

The FPTM also strongly suppressed MRSA growth; how-
ever, the magnitude of suppression was not as large as that
seen with S. saprophyticus; 69.0% suppression versus
84.1% suppression in 50% PTM and 61.1% suppression
versus 67.8% in 6.25% FPTM (Figure 5.). While the lowest
concentration of FPTM used displayed the least amount of
growth suppression (6.25%), there was no significant differ-
ence between the levels of suppression of MRSA at the
different concentrations used.

DISCUSSION

Natural biologic connective tissue ECMs have particular util-
ity in wound healing and the repair of musculoskeletal inju-
ries, soft tissue damage, and other defects.33,34 While there
are a wide variety of biologic options, placental-based con-
nective tissue ECMs hold particular promise as their com-
plex bioactive matrix contains structural proteins, growth
factors, and cytokines known to promote tissue repair, mod-
ulate the inflammation response and recruit cells to the site
of injury.35 In fact, placental-based tissue ECMs have been
used successfully to treat a range of connective tissue
defects.36–40

With the recent adoption and quick growth of placental
and amniotic biologics on the market, validation of the con-
tents and bioactivity of many products has yet to be done.
In addition, some biologic processing systems can alter the
tissue in ways that diminish the effectiveness of the bio-
logic.7,24,41 Here we examined a flowable placenta tissue
derived connective tissue matrix processed, stabilized, and
preserved by the HydraTekVR process to determine if this
commercially available biologic retains the components and
bioactivity associated with fresh placenta tissue.

After processing, roughly 20% of the dry weight of the
extracted placenta connective tissue is collagen. This per-
centage is similar to values previously published for unpro-
cessed placental membranes, 37% for amnion and 17% for
chorion, indicating that the majority of the collagen content
is maintained in the FPTM.30

We also found that significant levels of a variety of
growth factors known to aid tissue healing and repair were
retained in the processed FPTM. The levels found here were
generally higher than those seen in extracts from

FIGURE 4. The migratory capacity of ASCs was up-regulated signifi-

cantly by the addition of 20% FPTM. The addition of FPTM samples

from four different lots (S1–S4) consistently upregulated cell migra-

tion nearly threefold over baseline. The 20% FPTM bar refers to the

mean value of the four different lots tested.

FIGURE 5. (a) Effect of FPTM on the growth of MRSA. (b) Effect of

FPTM on the growth of Sa.ccharomyces saprophyticus. The relative

growth was determined following 10 h at 378C in nutrient media or

nutrient media supplemented with various percentages of FPTM. The

FPTM inhibits the growth of both bacterial strains.
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unprocessed placental tissues.6–8 Direct comparisons are
difficult though due to the fact that different placenta tis-
sues were involved in previous studies and different extrac-
tion techniques were used. For example, a study that
examined growth factor content in whole placenta acid
extracts found concentrations that were about 10-fold lower
than that seen here for EGF, FGF, and TGF-b.6 Studies look-
ing at levels of growth factors in unprocessed amniotic
membrane also reported levels lower than found here.7,8 Of
these previous studies, the one reporting the highest levels
indicated that the amniotic membranes contained to 14.1 pg
of EGF, 24.8 pg of FGF, and 9.18 pg of KGF per gram of fresh
tissue.7 Given that roughly 300 mg of tissue is present per
ml of FPTM, the levels per gram of fresh tissue in this study
corresponded to 993.3 pg for EGF, 551.7 pg for FGF, and
30.5 pg for KGF. These differences are likely explained by
two factors. First, the FPTM studied here contains a selec-
tive combination of placental tissues as opposed to the
entire placenta including the decidua6 or merely the
amnion.7,8 Second, different extraction techniques were used
as studies examining growth factors in the amnion used a
saline solution rather than a tissue extraction reagent as
used here.7,8

The FPTM retained a number of growth factors includ-
ing FGF, KGF, and EGF, which are known to increase cell
proliferation during the healing process and aid in tissue
regeneration.42,43 In addition, it retained PDGF which can
stimulate fibroblast proliferation and TGF-b which can stim-
ulate macrophages to increase production of FGF and PDGF
further increasing the levels of these growth factors during
tissue repair.44

Tissue turnover and remodeling is a critical factor in tis-
sue repair and regeneration. Often, excess levels of matrix
metalloproteinase (MMP) activity can inhibit the regenera-
tion phase and lead to a chronic nonhealing wound.45 The
FPTM contained high amounts of TIMPs, molecules which
can facilitate regeneration and prevent chronic tissue dam-
age through their inhibition of various MMPs.46,47

The only factor examined not found in the FPTM at sig-
nificant levels was VEGF. Given the fact that high levels of
VEGF are associated with cartilage inflammation and dam-
age, the lack of significant amounts of VEGF in the FPTM
may be advantageous in using this flowable product to treat
joint injuries.48

Unprocessed placental tissue has been shown to sup-
press excessive inflammatory responses that tend to inhibit
tissue regeneration.9–12 The FPTM retained significant
amounts of TGF-b and IL-4, both of which have anti-
inflammatory properties and promote wound healing.49–51

In addition, the FPTM product examined here retained the
ability to inhibit T cell activation in vitro as measured by
levels of T-cell INF-g secretion. This result is similar to what
has been seen previously using another placental-derived
tissue: frozen amnion membrane.10 There was significant
variability in this assay as seen in Figure 1. This is most
likely due to the variability in the levels of cytokines in the
FPTM. For example, the levels of IL-4 varied from 40 to 349
pg/ml in the samples tested. Despite this variability, there

was consistent suppression of INF-g secretion by all of the
FPTM lots tested in this assay.

The reduction in INF-g secretion is likely an important
factor in suppressing aberrant levels of inflammation as
INF-g is a proinflammatory cytokine known to increase leu-
kocyte migration and adhesion, promote T cell maturation
and upregulate macrophage and natural killer cell activ-
ity.52,53 In addition, INF-g is associated with the proinflam-
matory Th1 response, a response that is known to be
associated with tissue graft rejection.54,55 These immuno-
suppressive properties are of particular interest in the treat-
ment of disorders such as rheumatoid arthritis, where the
therapeutic success of using a tissue matrix will be limited
by the ongoing autoimmune response.52,56

It is well known that fresh placental membranes have
the ability to suppress bacterial growth, particularly when
used for wound coverings.23,57 Even dried and irradiated
placental membranes have been shown to limit bacterial
growth.58 We found that the FPTM could suppress the
growth of two medically relevant strains of Staphylococcus.
Both MRSA and S. saprophyticus were suppressed even
when low levels of FPTM were used. Given the risk of
MRSA infections in surgical settings and the delayed healing
associated with infection,59,60 the ability of the FPTM to
suppress MRSA represents an important clinical benefit.
Whether this robust inhibitory effect extends beyond Staph-
ylococcus strains, will require further studies.

The recruitment of cells by the FPTM is also of particular
importance given that cells are the only component of the
regenerative triad that the processed FPTM does not provide
directly. Our data demonstrate that the FPTM acts as a che-
moattractant in vitro for the migration of ASCs as the addi-
tion of the FPTM increased the migratory ability of the ASCs
threefold over control media. This level of stimulation was
consistent across four different samples and is similar to
results from previous studies looking at placental membrane
extracts. While previous research has shown the ability of
extracts of other placenta tissue membrane products to stim-
ulate migration of human umbilical vein endothelial cells,61

ASCs,62 and progenitor cells,63 this is the first demonstration
of this ability in a flowable placental tissue product.

It is known that progenitor and adult stem cells have
the ability to hone to sites of injury guided by the secretion
of signaling factors from the injured tissue.64–66 A variety of
studies have shown that mesenchymal stem cells migrate
toward a number of growth factors including IGF-1, HGF,
PDGF, and TGF-b, all of which are liberated and released
from the damaged tissue site.67–69 The FPTM product tested
here contains a number of these factors, including PDGF
and TGF-b.

In addition to the ability to attract native progenitor and
stem cells, the growth factors in the FPTM may also attract
neutrophils, macrophages, and fibroblasts. These cells,
which would participate in the remodeling of the damaged
tissue and the proper integration of the FPTM graph,35 are
known to be attracted toward PDGF and TGF-b, both of
which are found in high amounts in this FPTM.35
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Not only does the FPTM attract stem cells in vitro, but
ASCs also bind readily to the matrix components of the
FPTM product. Cell binding to the ECM is an important
aspect of tissue regeneration as it promotes cell prolifera-
tion and survival and sequesters cells at the site of the
injury. There are a variety of benefits associated with this in
terms of tissue regeneration as it would promote the reten-
tion of the FPTM at the site of injection allowing the growth
factors and cytokines contained in the tissues to diffuse out
over time. In addition, it would provide migratory cells or
coinjected stem cells with a site for adhesion, thereby assist-
ing in the retention of these cells at the site of injury.

Upon adhering to the FPTM, cells may undergo metabolic
changes due to the activation of various cell adhesion-based
signaling pathways.70,71 However, in this study, we found that
for plastic adherent ASCs, the additional binding of FPTM
was associated with no significant changes in the expression
of five genes involved in growth and tissue repair; IGF-1,
TGF-b, PDGF, VEGF-B, and BMP-2. The fact that the cells also
maintained a normal morphology indicates that the cells do
not display gross changes in vitro when exposed to FPTM.
Further studies looking at gene and protein expression on a
global level may be able to determine subtle changes in
behavior once ASCs are exposed to FPTM.

While the in vitro studies performed here may not
directly transfer to the complex in vivo environment of the
injured tissue, the FPTM has been associated with positive
outcomes in human studies including tendon repairs39 and
skin lesions.40 While there are a number of ongoing clinical
trials using processed placenta tissue, further clinical work
is needed to better identify degenerative conditions, injuries,
and wounds that will respond optimally to the FPTM prod-
uct described here.

CONCLUSIONS

The bioactivity and composition of the FPTM identified in
this study demonstrate that the HydraTekVR process effec-
tively retains bioactive molecules that are found in unpro-
cessed placental tissue. In addition, the FPTM displayed the
ability to bind to ASCs in vitro, to act as a chemoattractant
for ASC migration, to suppress the inflammatory response
of activated T cells, and to inhibit the growth of strains of
Staphylococcus. These data make it an attractive option for
further clinical studies in the treatment and repair of a vari-
ety of connective tissue injuries and defects.
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