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Abstract. The influence of adult stem cells on tumor growth
is paradoxical. On one hand, angiogenic factors secreted by
stem cells are known to be essential for tumor
vascularization. On the other hand, stem cell-derived factors
can reportedly induce tumor differentiation or direct death
of tumor cells. Both the placenta and umbilical cord are rich
sources of stem cells with immune modulatory and tissue-
healing properties; however, the effects of placental
components on cancer cells have not been fully defined. Here
we demonstrate that extracts of placental lysates reduce the
malignancy of a variety of human tumor cell lines in a
species-unrestricted manner. Using a standard model of
leukemia cell differentiation, we demonstrated that addition
of placental extracts to tumor cells, or co-culture of tumor
cells with the CD34% cells from umbilical cord blood,
induced tumor cell differentiation. Inhibition of tumor growth
and metastasis in vivo was also observed following
administration of placental extracts. These data support the
concept of non-toxic biological therapy of cancer using stem
cell derivatives, possibly through the induction of tumor cell
differentiation.

The characteristic function of a stem cell is the ability to
self-renew and to differentiate. Stem cells differentiate in a
tissue-directed manner in response to a wide variety of
stimuli; for example, at high altitudes increased numbers of
erythrocytes differentiate and during bacterial infections a
preferential increase in neutrophil differentitation occurs (1).

Correspondence to: Dr. Annette M. Marleau, Department of
Immunology, Institute of Molecular Medicine, 16731 Gothard St
Unit H, Huntington Beach, CA 92647, U.S.A. Tel: +858 9979435,
Fax: +714 5963791, e-mail: amarleau@immed.org

Key Words: Cancer, stem cells, placenta, differentiation, biological
therapies, HL-60, LNCap, PC-3, LLC cells.

0250-7005/2012 $2.00+.40

In addition, stem cells can be artificially induced to replicate
through various means including administration of cytokines,
growth factors, and small peptides (2). A wide variety of
tissue-specific stem cells have been identified, including
those in liver (3), skin (4), kidney (5), pancreas (6), stomach
(7) and neuronal tissue (8).

There are many similarities between tumor stem cells and
normal, non-transformed stem cells, in the sense that both
express embryonic features including the ability to migrate
(metastasize), suppress immune responses, and proliferate.
They differ, however, in that normal stem cells are highly
regulated with respect to growth and differentiation while
cancer cells are not. At the molecular level, the more
aggressive a cancer is, the more de-differentiated and stem
cell-like it becomes. Specifically, regions of DNA that are
transcriptionally silent or of low activity in mature tissue
become active upon neoplastic transformation. For example,
the enzyme telomerase is required for cells to escape
proliferative senescence (i.e. to continue to proliferate at and
beyond the Hayflick limit of 40-60 cell divisions). As normal
stem cells differentiate into specialized tissue, telomerase
expression becomes silenced epigenetically through
synergistic involvement of DNA methylation and histone
deacetylation (9). Conversely, tumor cells selectively silence
genes that suppress malignant characteristics including
tumor-initiating capacity. For example, it is known that in
prostate cancer, tumor suppressor genes become silenced by
methylation (10). In fact, this common phenomenon is
observed in a wide variety of histologically distinguishable
tumors (11).

Stem cells actively secrete differentiation-inducing factors
that are capable of inducing epigenetic reprogramming in
cells. Embryonic stem cells reportedly possess the ability to
reprogram differentiated cells to take on a de-differentiated
phenotype. This concept raises the interesting question of
whether embryonic stem cells can induce dedifferentiation
of cancer cells, which would be expected to increase their
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malignant behavior. There has been controversy surrounding
the influence of adult stem cells on tumor growth.
Investigators have demonstrated that mesenchymal stem cells
can specifically home to tumors (12-14), directly lyse tumors
(15), and exert anti proliferative effects in vitro (16) and in
vivo (17). On the other hand, mesenchymal stem cells appear
to trigger angiogenesis in tumors (18), stimulate tumor
growth and metastasis (19, 20), and can act as fibrosarcoma-
initiating cells in animal models of aging (21).

In the current report, we examined the prospect of adult
stem cell reprogramming of cancer cell differentiation using
cord blood as a source of CD34* stem cells, as well as
placental extracts. Cord blood is a rich source of
hematopoietic stem cells capable of reconstituting the
hematopoietic lineage in non-obese diabetic/severe combined
immunodeficient mice. The potential utilization of cord
blood stem cells, such as CD34* cells, has led to the
cryopreservation of such cells for more than a decade (22).
Indeed, the clinical use of cord blood-derived stem cells is
becoming increasingly acceptable as an alternative to bone
marrow transplantation or use of cytokine-mobilized
peripheral blood stem cell transplantation as treatment for a
wide variety of diseases. This is in part because of a reduced
incidence of graft vs. host reaction using cord blood stem
cells in comparison with other sources (23). Indeed, this was
observed in pediatric patients with leukemia lacking suitable
major histocompatibility complex (MHC) matched donors
(24), and in transplant-treated patients with certain types of
anemia or hematopoietic stem cell disorders such as beta-
thalassemia major (25). Additionally, the placenta contains
stem cell populations that secrete immune-modulatory
factors that promote the successful completion of pregnancy.
For example, a low molecular weight fraction of placental
tissue is known to be immunosuppressive (26) and useful for
control of autoimmune reactions. Additionally, the use and
safety of placental extracts in cosmetics is well known (27).
Currently, placenta-derived stem cells are in phase II clinical
trials by the company Pluristem and showed no adverse
effects in phase I trials where the cells were administered to
patients with end-stage peripheral artery disease in an
unmatched, universal donor manner (28). Numerous reports
support the use and safety of unmatched cord blood
mononuclear cells, which we have previously reviewed (29-
33). Early work from the group of Govallo reported
inhibition of tumors in patients receiving a “placental
vaccine” (34, 35). Although we have previously investigated
the possibility of immune modulation with placental extracts
(36), to our knowledge, the possibility of a direct anti-cancer
effect has not been investigated.

In this study we examined the ability of cord blood and
placental extracts to modulate tumor growth in vitro. We
identified a pro-differentiation activity in cord blood that
segregated with CD347 cells, as well as a similar activity in
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extracts of placental lysate. Interestingly, the latter were
capable of inhibiting metastasis and tumor growth in the
Lewis lung carcinoma model of lung cancer in vivo.

Materials and Methods

Cell lines and tissue culture. HL-60, LNCaP, PC-3 and Lewis lung
carcinoma cells (LLC) (American Type Culture Collection, Manassas,
VA, USA) were maintained in RPMI media supplemented with 10%
fetal calf serum (FCS) (Life Technologies, Carlsbad, CA, USA), 100
U/ml of penicillin (Life Technologies), and 100 pg/ml of
streptomycin (Life Technologies). Cells were cultured at 37°C in a
humidified atmosphere of 5% CO,. Adherent cells (LNCaP, PC-3 and
LLC were passaged by trypsinization, washing to remove trypsin, and
replating twice per week or at 80% confluence. For proliferation
experiments, cells were plated in 96 well plates (1x105 cells per well)
in 200 pl of complete RPMI 1640 (Life Technologies) for 3 days in
the presence of 10 ng, 50 ng, or 100 ng of placental extract, and
pulsed with 1 uCi of [3H]thymidine (Amersham Pharmacia Biotech,
Piscataway, NJ, USA) for the last 16 h of culture. Cells were
harvested onto glass fiber filters. Incorporated radioactivity was
quantified using a Wallac Betaplate liquid scintillation counter (Perkin
Elmer Life Sciences, Boston, MA, USA).

Cord blood and CD34+ cell purification. Umbilical cord blood was
obtained from consenting mothers undergoing cesarean delivery of
healthy, full-term infants, and low-density (less than 1.077 g/ml) cells
were isolated by centrifugation on Ficoll-Hypaque medium. CD34+
cell-enriched populations (65-98% CD34+ cells) were obtained by
removal of lineage marker-positive cells using a column (n=2); and
positive (EasySep®) selection using magnetic beads (n=1; StemCell
Technologies Inc., Vancouver, BC Canada). Cells were stimulated
overnight for in vivo experiments and for 48 hours for in vitro
experiments at densities less than or equal to 2x105 cells/ml in
Iscove’s medium supplemented with 1% BSA, 10 pg/ml bovine
pancreatic insulin, 200 pg/ml human transferrin (BIT; StemCell
Technologies Inc.), 0.1 mM 2-mercaptoethanol, 2 mM glutamine,
100 ng/ml FL (Immunex Corp., Thousand Oaks, CA, USA), 100
ng/ml SF, 50 ng/ml Tpo (Genentech Inc.), and 100 ng/ml hIL-6
(provided by S. Rose-John, Christian-Albrechts University, Kiel,
Germany). The following day the cells were pelleted, resuspended
in fresh growth factor—supplemented medium with 5 pg/ml
protamine sulfate and 0.5x108-5x108 infectious U/ml (MOI=9-140;
140 in experiment 1, 9 and 90 in experiment 2), placed in a 24-well
plate coated with 2 pg/cm? Retronectin (Takara Bio Inc., Otsu,
Shiga, Japan) or with 5 pg/cm? fibronectin (Sigma-Aldrich, St.
Louis, MO, USA), and were then incubated at 37°C for 6 hours.

Generation of placental lysate. Term placentas were harvested and
the chorion was mechanically separated under sterile conditions.
Placentas were collected in ice-cold Dutch modification of RPMI
1640 (Sigma) supplemented with 10% FCS, 2 mM L-glutamine,
gentamicin (25 pg/ml), and penicillin/streptomycin (100 U/ml)
(complete medium). They were incubated with occasional agitation
for 20 min at room temperature in calcium- and magnesium-free
HBSS (Life Technologies, Paisley UK) containing 1 mM DTT
(Sigma). Purified cell homogenate was prepared by collagenase
digestion. Briefly, bacterial collagenase (Advance Biofactures,
Lynbrook, NY, USA) digestions were sequentially performed, 4 pl of
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50 mM calcium acetate was added, followed by 3 pl (3 units) of
bacterial collagenase. Reactions were then incubated for another 60
min at 37°C. Heparitinase digestions (15 ul) were carried out for 90
min at 37°C in a pH 7.0 buffer consisting of 100 mM sodium acetate,
and 10 mM calcium acetate, using 5 milliunits of enzyme. In those
reactions where bacterial collagenase digestion was sequentially
performed, 4 pl of 5x collagenase buffer (250 mM Tris-HCI, pH 7.2,
50 mM calcium acetate) was added, followed by 3 ul (3 units) of
bacterial collagenase. Reactions were then incubated for another 60
min at 37°C. Purified cells were subsequently sonicated, centrifuged
at 10,000 xg for 3 h, and the supernatant was collected, filter
sterilized, and quantified for protein content using the Bradford assay.

Tumor model. Six- to eight-week-old female C57BL/6 mice were
purchased from Harlan (The Jackson Laboratory, Bar Harbor, ME,
USA). The animals were maintained under standard pathogen-free
conditions at the University of Western Ontario (London, Canada)
and all experiments were performed in accordance with institutional
guidelines for animal care.

For the in vivo tumor studies, the Lewis lung carcinoma (LLC)
tumor cell line was thawed and expanded by culturing for three
passages in Dulbecco’s modified Eagle’s medium (DMEM)
containing 10% FCS, penicillin, and streptomycin. Before injection,
the tumor cells were detached by trypsinization, washed once in cold
DMEM containing 10% FCS, and once in cold serum-free medium.
Cell viability was usually greater than 85%, as determined by trypan
blue exclusion. The dorsal skin of C57BL/6 mice was shaved 1 day
before injection. The mice were anesthetized by Metofane inhalation,
and tumor cells (500,000) trypan blue-excluding cells in 100 pl)
were injected intravenously into the tail vein. In the first protocol,
one intraperitoneal dose of placental lysate extract (1 pg) was
injected one day prior to LLC cell injection. The second protocol
involved administration of placental lysate (1 pg) at days -1, 1, 4,
and 7 relative to tumor cell inoculation. Control mice were injected
with LLC tumor cells without placental extract. Animals were
sacrificed 3 weeks after tumor inoculation. To quantify the number of
pulmonary metastases in these animals, mice were killed by CO,
narcosis after which the lungs were removed, rinsed in PBS, and
placed in Bouin’s fixative for at least 24 h. The fixed lungs were
carefully separated into individual lobes with forceps and the
numbers of surface metastases (appearing as white foci against a
yellow background) were counted in each lobe with the aid of a
dissecting microscope at 4x magnification (total metastatic foci), or
by naked eye (large metastatic foci).

Heterotopic tumor growth experiments were also conduced in
which C57BL/6 mice were inoculated with LLC cells according to
the second protocol described above. Briefly, C57BL/6 mice were
implanted with 5x105 LLC cells subcutaneously in the flank and
these mice were either treated with placental lysate extract on days
-1, 1,4 and 7 relative to tumor implantation or were left untreated
(controls). At 15, 20, 25 and 50 days following implantation, tumor
measurements were taken with a caliper by a blinded observer and
the results were expressed as tumor volume (mm3).

Results

Placental extracts inhibit proliferation of cancer cells. While
the concept of bone marrow-induced tumor angiogenesis is
well known (37-43), there are reports that bone marrow
mesenchymal stem cells inhibit cancer growth through

secretion of soluble factors (44-46). One factor that has been
shown to selectively inhibit cancer cell proliferation, Reptimed,
was isolated from bone marrow through the use of solid phase
adsorption C-18 cartridges (47, 48). Here we sought to
determine whether a similar protocol might be applicable to
identify placenta-derived cancer suppressive activity since
previous work has described clinical responses with placental
lysates (34, 35). Proliferation of the myelomonocytic cell line
HL-60 (Figure 1A), androgen-dependent prostate cancer cell
line LNCaP (Figure 1B), androgen-independent prostate cancer
cell line PC-3 (Figure 1C) and mouse Lewis Lung Carcinoma
(LLC) (Figure 1D) was shown to be inhibited by placental
lysate extracts. Inhibition was dose-dependent for all cells
except the PC-3 cell line, which demonstrated high sensitivity
to the inhibitory effects of the lowest concentration of the
placental lysate extract.

Suppression of proliferation associated with induction of
differentiation. In the dose escalation studies described in
Figure 1 we noted that tumor cell lines treated with placental
lysate extract did not display differences in viability
compared to non-treated control cells (data not shown). We
therefore sought to investigate whether placental extract
might induce terminal differentiation of HL-60 cells, a
human acute promyelocytic cell line, into mature monocytes.
Numerous agents have been shown to induce differentiation
of HL-60 cells, including phorbol myristate acetate,
granulocyte macrophage colony stimulating factor, and
dimethyl sulfoxide (49, 50).

Treatment of HL-60 cells with cord blood nucleated cells
for 48 h resulted in a dose-dependent induction of
differentiation as determined by the percentage of adherent
cells that possessed a monocytic morphology (Figure 2A). To
determine whether differentiation was associated with the
hematopoietic stem cell compartment, CD34" cells were
isolated from cord blood and co-cultured with HL-60 cells.
Much lower concentrations (10-fold less) of CD34" cells
were required to induce a 50% differentiation response
compared to unpurified cord blood mononuclear cells (Figure
2B). When cord blood mononuclear cells that were depleted
of CD34% cells were added to cultures, no changes in the
frequencies of differentiating HL-60 cells were observed
compared to untreated cultures (Figure 2C). These data
suggest that the CD34™ stem cell compartment induces cancer
cell differentiation.

To determine whether placental lysate extracts possessed a
similar ability to induce tumor cell differentiation, increasing
doses of material isolated from C-18 cartridges were added
to the culture. A dose-dependent stimulation of differentiation
of HL-60 cells was observed (Figure 2D). Strikingly,
utilization of the same protocol for isolating cord blood
mononuclear cell lysate extract revealed a similar inhibitory
effect (Figure 2E). Lysate from cord blood mononuclear cells
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Figure 1. Placental lysate extract inhibits proliferation of cancer cell lines. HL-60 (A), LNCaP (B), PC-3 (C) and LLC (D) cells were plated (1x10°
cells per well) in 96 well plates and cultured for 72 h in the presence of the amount of indicated placental lysate extract. Cultures were pulsed with
1 uCi of [3H]thymidine for the last 16 h and proliferation was assessed by scintillation counting. Results are expressed as the mean CPM of triplicate
cultures+=SEM. (*) denotes a statistically significant difference (p<0.05) of placental lysate extract-treated cultures from control (untreated) cultures,

as determined using the Student’s t-test.

that were depleted of CD34* cells did not induce
differentiation of HL-60 cells (Figure 2F), once again
supporting the idea that inhibition of tumor cell growth is
stem cell-dependent. We attempted to generate lysate from
purified CD34* cells using C-18 columns, however the small
numbers of isolated cells prevented us from harvesting
sufficient concentrations of lysate to perform the experiments.

In vivo effects of placental lysate extracts on LLC tumor
model. Previous studies have demonstrated that bone marrow
extracts have inhibitory activity on tumors in vitro and in
vivo (47, 48). We therefore used the clinically relevant LLC
lung metastasis model with two protocols. In the first
protocol, one intraperitoneal dose of placental lysate was
administered one day prior to LLC tumor cell injection.
Quantification of the numbers of lung metastases 3 weeks
later revealed that placental lysate extract had a significant
effect on inhibiting tumor growth (Figure 3). In the second
protocol, placental lysate extract was administered more
frequently, on days -1, 1, 4 and 7 relative to tumor cell
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inoculation. The results showed that several placental lysate
injections had a greater effect on blocking tumor growth as
compared to a single injection (Figure 3). We therefore chose
to use protocol 2 in an in vivo heterotopic tumor model to
test the effects of placental lysate extract on tumor growth.
C57BL/6 mice were implanted with 5x10° LLC cells
subcutaneously in the flank. Four mice served as controls
and seven mice were treated with placental lysate extract
according to protocol 2. Of the four control mice, one died at
day 25 and the remaining three succumbed to tumors by day
50. In contrast, all seven treated mice were alive by day 50,
of which three had no tumors detectable by palpation (Table
I). These results demonstrate that placental lysate has an
inhibitory effect on tumor growth in vivo.

Discussion

A relationship between tumors and stem cells has always
been postulated. However, whether this relationship is
mutually beneficial or antagonistic has been a matter of
debate. While it is relatively well established that bone
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Figure 2. Cord blood stem cells and placental extracts induce HL-60 differentiation. HL-60 cells were plated (1x107 cells per well) in 96-well plates
and cultured for 48 h in the presence of the indicated number of cord blood nucleated cells (A); cord blood CD34%* cells (B), CD34-depleted cord
blood cells (C), placental lysate extract (D), cord blood lysate extract (E), and lysate extract from CD34-depleted cord blood cells (F). Control
wells were not treated with placental or cord blood lysate extracts. Differentiation of HL-60 cells was quantified as the percentage of adherent cells
by a blinded observer. Results are expressed as the mean CPM of triplicate cultures+=SEM. (*) denotes a statistically significant difference (p<0.05)
between cultures treated with cells or lysate extracts vs. control (untreated) cultures Student’s t-test.

marrow progenitor cells are involved in tumor vasculogenesis
(51, 52), numerous reports also describe inhibition of tumor
growth by stem cell administration (53, 54). The emergence
of the notion of “cancer stem cells” has brought to light
novel mechanisms by which stem cells may affect cancer
growth. In one such scenario, cancer stem cells are believed
to enter the cell cycle and increase aggressiveness in
response to injury. This is the same property that the healthy

stem cells exhibit: after injury they undergo an induced
reparative response (55). If cancer stem cell aggressiveness is
a result of an aberrant healing response, then administration
of agents that accelerate healing/inhibit inflammation should
reduce cancer aggressiveness. This notion has been
supported by studies in which cyclooxygenase-2 inhibitors
and acetaminophen (56) have been shown to reduce cancer

stem cell proliferation. Other examples include the use of
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Figure 3. Inhibition of lung metastasis using placental extract in the
Lewis lung carcinoma (LLC) murine model of lung cancer. C57BL/6
mice (8 per group) were injected i.v. with 5x10°5 LLC cells and
sacrificed after 3 weeks. Lung histology was performed and metastases
were enumerated as described in the Materials and Methods. Animals
were subjected to protocol 1 (1 ug placental lysate extract administered
1 day prior to tumor cell inoculation) or protocol 2 (1 ug placental
lysate extract administered on days -1, 1, 4, and 7 relative to the day of
tumor cell inoculation).

differentiation agents such as bone morphogenetic protein 4
in the treatment of aggressive tumors not curable by
chemotherapy (57). Indeed, there may be several other
comparisons made between neoplastic and healthy stem
cells. For example, the marker CD133 is known to reside on
non-malignant tissue resident stem cells. CD133 positive
stem cells have been described in liver stem cell cells (oval
cells) (58), prostate stem cells (59), muscle stem cells (60),
hematopoietic stem cells (61), and stem cells of the small
intestine (62). CD133 has also been detected to date on
tumor stem cells of the following tissue of origin: colon (63-
65), ovarian (66), liver (67), brain (68-70), prostate (71), and
head and neck cancer (72). Numerous other markers and
properties of healthy stem cells have been associated with
cancer stem cells; for example, expression of CD44 (73), c-
kit (74), multiple drug resistance protein (75-78), and decay-
accelerating factor (79). Thus, one possible anticancer
mechanism of placental extracts is by production of factors
that mediate tumor cell differentiation.

Early studies demonstrated that bone marrow-derived
factors have the ability to inhibit cancer cell proliferation and
tumor growth in vivo (47, 48). In those studies, factors
inhibiting tumor cell proliferation were isolated using solid-
phase adsorption C-18 cartridges. In the present study we
utilized identical methods in order to determine whether such
factors are present in placental cell lysates. We demonstrated
inhibition of leukemia, prostate cancer, and lung cancer cell
lines by these extracts. We also observed that cord blood
mononuclear cells also had similar cancer inhibitory
properties that were contained within the CD34* fraction.
Although it is impossible to state whether the activity found
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Table 1. The effects of placental lysate extract on tumor volume.
C57BL/6 mice implanted subcutaneously with Lewis lung carcinoma
(LLC) cells (5x103 cells/recipient) were untreated (control) or treated
with placental lysate extract (1 ug) at days —1, 1, 4 and 7 post-tumor
implantation. The size of the tumors (mm3) and the survival were
monitored for 50 days post-implantation.

Tumor volume (mm3) at days post-tumor implant

Animal Day 15 Day 20 Day 25 Day 50

1 Control 65 133 Dead -

2 Control 103 212 300 Dead

3 Control 45 205 331 Dead

4 Control 74 122 153 Dead

5 Treated 123 34 36 8

6 Treated 35 48 93 No tumor
7 Treated 65 58 118 32

8 Treated 30 47 1 No tumor
9 Treated 33 54 40 14
10 Treated 62 55 3 No tumor
11 Treated 55 45 38 22

in the placental lysate extract is the same as that observed
associated with the CD34% cells, we believe these data
provide an important starting point for further investigations.

While tumor cell differentiation may be a mechanism of
action of placental lysate extract based on our findings, other
mechanisms cannot be ruled out. Numerous agents have been
shown to induce differentiation of HL-60 cells and we have
not yet demonstrated differentiation in the solid tumor cell
lines. Despite this, there is some support for the possibility of
differentiation induced by the placental lysate extract. For
example, it is reported that stem cells have a propensity to
differentiate in the absence of de-differentiation stimuli;
accordingly, it may be possible that pro-differentiation-
inducing factors are found in the placental isolate. Studies by
Kulesa and co-workers showed that injection of melanoma
cells into fertilized chicken eggs resulted in differentiation
into non-tumor neural crest cells (80). Another possible
explanation for the in vivo results is that administration of the
extracts from human cells induces a xenogeneic response.
Indeed, it has been published that human umbilical vein
endothelial cell administration in animals and humans elicits
an anticancer immune response (81-83).

In conclusion, the current data suggest that placental lysate
extracts possess an anticancer activity in vitro and in vivo. This
activity was associated with the CD34" cell compartment.
Further investigation into whether the mesenchymal stem cell
compartment in placentas possesses similar inhibitory activity
against cancer is required. Given the non-toxic nature of the
placental lysate extracts and the possible unique mechanism
of action, we believe that future studies are warranted to
determine the feasibility of clinical development.
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