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Abstract — Objective: Substance P (SP) is a neurotransmitter peptide, and it is known to play
a major role in neurogenic inflammation, inducing local inflammatory responses, cancer, and angi-
ogenesis. It has been previously demonstrated that SP possesses a wide range of pharmacological
effects including induced cancer cell proliferation and triggered angiogenic response of tumors.
However, there is no published work regarding the proliferative effects of its physiological frag-
ments [N-terminal fragment SP (1-7) and C-terminal fragment SP (9-11)] not only on cancer cells but
also on human umbilical vein endothelial cells (HUVECs).

Materials and Methods: Cells were treated with different doses of fragments and the cytotoxic
effects on the proliferation of MDA-MB-231 cells were determined via MTT kit (Promega, Madison,
Wi, USA) and Cellular DNA Fragmentation Elisa Kit (Roche). Changes both in the pro-angiogenic and
anti-angiogenic factor levels in media were evaluated by; Human VEGF ELISA kit (Thermo-Scientif-
ic, Waltham, MA, USA), Human Matrix Metallo-proteinases-9 Elisa kit (Legend Max), and Human
Thrombospondin-1 Elisa kit (R&D Systems) for VEGF, MMP-9, and Thrombospondin-1 respectively. To
determine the changes in the migration capabilities of HUVECs, a wound healing test was performed.

Results: According to our results, the fragments exhibit different effects not only on the prolif-
eration of cancer cells and the release of pro/anti-angiogenic factors from the cells but also on the
migration capabilities of HUVECs.

Conclusions: This is the first report showing that the SP fragments could behave differently from
the main peptide itself.

KEYWORDS: Substance P, N-terminal Fragment SP (1-7), C-terminal Fragment SP (9-11), Proliferation,
Anti-Angiogenesis.

INTRODUCTION prolongs cancer progression and metastasis. SP is

encoded by the pre-pro-tachykinin A (PPT-A) 1
Substance P (SP), the most important neuropep- gene and is a member of the tachykinin family
tide in cancer, inflammation, and angiogenesis, which triggers the proliferation of cancer cells and

is released from the peripheral nerve C fibers. SP the angiogenesis of tumors.
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That is why it is also the most important neu-
ropeptide in cancer'.

On the other hand, SP appears to show a bi-
phasic effect on tumor growth and carcinogenesis;
these effects might be due to the opposite effects of
SP fragments and the main peptide, such that intact
peptide is proliferative, whereas the fragments pro-
duced by proteolytic enzymes are anti-tumorigenic
and theoretically anti-angiogenic®. According to
our previous study, we showed that in contrast with
intact peptide, the fragments of SP (4-11) and SP (6-
11) exhibit inhibitory effects on 4T1 mouse breast
cancer cell proliferation. SP (1-7) did not show the
same effect on this cell line’.

It has been shown that SP is expressed in
90% of metastatic neuroblastoma cells in the
bone marrow, 68% of invasive malignant mel-
anoma, 40% of metastatic melanoma, and 60%
of in situ melanomas. SP has been found in
many tumors, especially in the periphery of the
tumor*3. On the other hand, especially in breast
cancer, SP has been detected in both cytoplasm
and nuclei of tumor cells in keratocystic odon-
togenic tumors, oral squamous cell carcinoma,
and laryngeal carcinoma tissues, compared
to normal breast epithelial cells. SP-specific
receptor Neurokinin-1 (NK-1) has also been
shown to increase expression in many cancer-
ous cells compared to normal cells, and the
increase in the number of receptors is thought
to correlate with malignancy. Also, NK-1 re-
ceptors were found in intra and peri-tumoral
blood vessels. Besides, SP stimulates vascular
growth and increases endothelial cell prolifer-
ation®. In recent years, 4 or more isoforms of
the NK-1 receptor have been found in human
tumor cell lines, but their functional roles re-
main unknown. Data show that the same NK-1
receptor isoforms are expressed in many types
of cancer” 3. In our previous studies, we showed
that SP release from mouse breast cancer cells
(4T1 and 4THMpc) was dramatically increased
as compared with control groups. Based on our
results, we suggested that the combination of
thalidomide and radiotherapy, especially in the
treatment of metastatic breast cancer patients,
may cause an increase in the amount of sub-
stance P and thus cause tumor growth?.

In another study °, we showed that radiother-
apy in the 4T1 cell line increases the amount of
substance P when administered alone and in com-
bination with endostatin; it decreases the amount
of substance P both released into the medium and
within the cell. In the same study, we have shown
that the application of endostatin alone does not
affect the amount of substance P released either
in or within the 4THMpc cells. However, radio-
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therapy alone significantly reduced the amount
of Substance P released to the medium whereas
radiotherapy alone did not change the amount of
intracellular substance P°.

On the other hand, in one of our recent pub-
lications, it has been shown that radiotherapy
affected the ADAM 10, and Neprilysin en-
zyme activities, which break down substance P
in 4T1 and 4THMpc cell lines. In the 4T1 cell
line, Thalidomide alone did not affect ADAM
10 enzyme activity, while radiotherapy alone
inhibited this enzyme activity by 42%. Howev-
er, with the combined treatment, the inhibition
rate rises to 89%.

In the 4THMpc cell line, Thalidomide alone
inhibits ADAM 10 enzyme activity by 66.6%.
Radiotherapy alone inhibits enzyme activity by
33.3%, while combined therapy causes a 40% in-
hibition. In terms of the enzyme activity of nepri-
lysin, we showed that thalidomide alone increas-
es the enzyme activity of neprilysin by 40.9%
in the 4T1 cell line and that radiotherapy alone
or combined causes a 40.7% increase in this cell
line. As a result, in that article, we have suggested
that Thalidomide can break down substance P by
increasing the enzyme activity of neprilysin and
thereby exhibit anti-angiogenic effects?.

Considering all these data, it has been suggest-
ed that the fragments released as a result of the
breakdown of the SP may have similar or differ-
ent biological effects compared to the main pep-
tide. However, there were not any in vitro or in
vivo studies investigating the role of Substance P
fragments on angiogenesis in literature.

Angiogenesis, the formation of new blood ves-
sels from the existing ones, is regarded as a signif-
icant characteristic of cancer cells, and depending
on the facilitation of metastasis it is also essential
for the growth of tumors'®. It has been reported
that SP exhibits its angiogenic effects directly
on the migration and tube formation abilities of
endothelial cells. It also promotes the prolifera-
tion of venular endothelial cells. However, there
have been no prior studies about the effects of
Substance P fragments on the angiogenic process
both in pro/anti-angiogenic factor levels released
from the cancer cells and on the migration capac-
ities of HUVECs.

Therefore, in this study, we aimed to inves-
tigate the possible roles of SP fragments on an-
giogenesis in vitro. We planned to carry out this
research in 2 different cell types since there is no
study on the angiogenic and/or anti-angiogenic
properties of SP fragments. In this context, our
first target was to detect non-cytotoxic doses of
SP fragments in the human breast cancer cell line
that we selected as a model. After determining
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the doses, the possible effects of the fragments
on VEGF (Vascular Endothelial Growth Factor),
MMP-9 (Matrix Metallopeptidase 9), and Throm-
bospondin-1, which are the most important fac-
tors in the angiogenesis process, were evaluated.
These selected factors are the first to be studied in
all studies investigating the anti-angiogenic prop-
erties of any active substance.

However, the angiogenesis process is based
on the proliferation, migration, and tube-form-
ing properties of blood vessels. Therefore, we
also aimed to determine the possible effects of
fragments on vascular endothelial cells. In this
context, the migration test showed whether the
fragments affected the migration ability of the
vascular endothelial cells directly.

As mentioned above, this study aims to inves-
tigate the possible anti-angiogenic effects of SP
fragments on the levels of two proangiogenic fac-
tors (VEGF and MMP-9) and one anti-angiogenic
factor (Thrombospondin-1) released from human
breast cancer cell line MDA-MB-231 and the di-
rect effects of the fragments on the migration ca-
pabilities of Human Umbilical Vein Endothelial
Cell Line HUVEC.

MATERIALS AND METHODS
Cell culture conditions

MDA-MB-231 (ATCC® HTB-26™, Manassas,
VA, USA) and HUVEC-C (ATCC® CRL-1730™,
Manassas, VA, USA) cells were cultured in RPMI
(Gibco, Carlsbad, CA, USA) containing 10% fetal
bovine serum (FBS, Gibco, Carlsbad, CA, USA),
10 pg/mL gentamicin (Genta, I.E. Ulagay ilag
Sanayi Tiirk A.S. Turkey) and 5% sodium pyru-
vate (Gibco, Carlsbad, CA, USA). The cells were
incubated in 5% CO, with 95% humidity at 37°C.

Cell proliferation

Cell proliferation was estimated using a Cell-
Titer 96 aqueous nonradioactive cell prolif-
eration assay (Promega, Madison, WI, USA),
which is based on the cleavage of 3-(4,5
dimethylthiazol-2-yl)- 5-(3-carboxyme-
thoxy-phenyl)-2-(4-sulfonyl)-2H-tetrazolium
(MTS) into a formazan product which is solu-
ble in tissue culture medium. Briefly, cells were
seeded at 5 x 10° cells per well in 200 pl com-
plete medium onto 96-well plates and allowed to
attach for 24 h. After the cells reached 80—-90%
confluence, the media was removed, and cells
were washed with phosphate-buffered saline

(PBS). Subsequently, cells were treated with dif-
ferent concentrations of SP fragments (10 pg; 1
pg; 100 ng; 10 ng and 1 ng) and were prepared
in 1% FBS containing a complete medium. Each
treatment was performed in eight-well replicates.
The cells were grown at 37°C for 24 h, 48 h, and
72 h. The medium was gently aspirated to termi-
nate the experiment, 180 pl serum-free complete
medium and 20 pl of MTT were added to each
well, and cells were incubated for 4 h. The absor-
bances at 450 nm were measured in a microplate
reader (Thermo Labsystems Multiskan Spec-
trum, Thermolabsystem, Chantilly, VA, USA)
using wells without cells as background. Sample
readings were calculated by subtracting the aver-
age of background absorbances. All experiments
were performed at least four times.

DNA fragmentation assay

To correct the proliferation test results and to
figure out the primer reason for the cell death,
Human Cellular DNA Fragmentation ELISA
kit (Roche, Thomas Scientific, Swedesboro, NJ
USA), assay was used. 1x10° cells were seeded
to six-well plates and incubated for 24 hours.
After the incubation period, cells were treated
with three doses (100 ng; 10 ng and 1ng) of both
fragments, and experiments were terminated
at the end of the 24 h incubation period. Sam-
ples were examined according to manufactur-
ers’ protocol. Absorbances were read at 370 nm
with a microplate reader (Thermo Labsystems
Multiskan Spectrum, Thermo Lab System,
Chantilly, VA, USA).

Determination of VEGF, MMP-9,
and Thrombospondine-1 levels by ELISA

To determine the possible effects of SP fragments
on VEGF (Quantikine Human VEGF ELISA kit;
R&D Systems Inc., Minneapolis, MN, USA),
MMP-9 (SensoLyte Human MMP-9 ELISA kit;
Anaspec, Fremont, CA, USA), and Thrombos-
pondine-1(Human Thrombospondine-1 Elisa Kit
R&D Systems Inc., Minneapolis, MN, USA) lev-
els released from MDA-MB-231 cells were used
following the manufacturer’s protocols. Human
VEGF, MMP-9, and Thrombospondine-1 stan-
dards were diluted and used as standards. Serial
dilutions (starting from 1000 pg/mL to 15. 6 pg/
mL) were used to establish the standard curve.
Average results from four independent exper-
iments were used to compare non-treated and
treated cells.
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Migration assay

Whether SP fragments have a direct effect on the
migration properties of vascular endothelial cells
was demonstrated by a modified scratch wound
healing assay based on the literature. HUVECs
(25x10° per mL) were seeded in a 35 mm- plate un-
til a monolayer formed for 24 hours. A 5 mL sy-
ringe without a needle was used to draw a smooth
scratch through the cells. Then, the cells were cul-
tured in medium with 1% FBS containing 10 ng
of SP, SP (1-7), and SP (9-11). The cells were then
incubated for 24 h. Photos were taken at the begin-
ning (Time 0) 12 and 24 hours after the treatment
via a Euromex Microscope (Arnhem, The Neth-
erlands) (with 10x Objective) and compared with
non-treated (Control) and SP-treated (Positive con-
trol) groups. The photos were analyzed using ZEN
3.1 Blue edition software (Géttingen, Germany).
The gap closure was calculated as below:

% of gap healing = (W -W )/ W x 100

In this equilibrium, W  shows the gap width
at 0 hours (Time 0), Wh shows the gap width at n
hour. Data were acquired from three independent
experiments.

RESULTS
Cell proliferation results
In this study, the effects of SP fragments on cell

viability were evaluated by MTT test at the end
of three different incubation times (24, 48, and 72

hours). Both fragments with a concentration of
100 ng showed a cytotoxic effect after 24 hours
incubation period. SP exhibited the expected pro-
liferative effect. As we have suggested in our hy-
pothesis, both of the fragments showed cytotoxic
effects in different doses, especially during the
incubation periods of 24 and 48 hours.

According to our results, the high doses of
fragments have an anti-proliferative effect, unlike
the main peptide SP. At its lowest doses (1 ng),
SP (1-7) also showed a proliferative effect, like
SP, while the C-terminal end SP (9-11) showed
an anti-proliferative effect for all three incubation
times. At this point, the hypothesis “Fragments
have the opposite effect of SP” has been con-
firmed at least in terms of proliferation.

The opposite effects of fragments on the pro-
liferation of MDA-MB-231 cells for 24, 48, and 72
hour incubation periods were shown in Figures 1,
2, and 3, respectively.

According to this result, both of the N and
C —terminal fragments had cytotoxic effects on
MDA-MB-231 cells. As it is seen from Figure 1,
SP (9-11) had a strong cytotoxic effect in all doses
except the lowest one. However, these cytotoxic
effects were lower than Doxorubicin-HCI. Doxo-
rubicin-HCl results which merged these data were
obtained from our previous study'’.

After the 48-hour incubation period, both
fragments showed cytotoxic effects on MDA-
MB-231 cells. However, this cytotoxic effect was
in contrast to the two fragments. For the N-termi-
nal fragment SP (1-7), the cytotoxicity decreased
towards its higher concentration. In opposite, for
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Fig. 1. Cytotoxic effects of frag-
ments on cell proliferation for
24-hour incubation period were
shown. The time O bar showed
the initial cell amount at the be-
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ginning of the experiment. The
control bar reflects the non-treat-
ed group. Doxorubicin-HCI was
used as a positive control for this
experiment (p <0.001).
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Fig. 2. Cytotoxic effects of
fragments on cell proliferation
for 48-hour incubation period 1,6

Cytotoxicity results for 48h

* %k
% %
o

were shown. The time 0 bar
showed the initial cell amount 14 ]
at the beginning of the exper- ’
iment. The control bar reflects
the non-treated group. Doxoru- 1,2 1
bicin-HCl1 was used as a posi-
tive control for this experiment g 10 -
(p <0.001). c
8 0,8
g0
(a]
o' 0,6
0,4
0,2 A
0,0
Time
0

Control Doxorubicin

HCI
Control

the C-terminal fragment SP (9-11), the cytotoxici-
ty increased towards its higher concentration.

As seen in Figure 3, similar cytotoxic effects
were observed for both fragments. Interestingly,
for 72-hour incubation period results, N-terminal
fragment SP (1-7) exhibited a biphasic effect. It
caused a strong cytotoxic result up to its high-
er concentration (10 ng); however, surprisingly
it also showed a proliferative effect on MDA-
MB-231 cells. The other puzzling result was that
the minimal concentration caused the most signif-
icant cytotoxicity on this cell line.

In sum, in contrast to the proliferative effect of
SP, both fragments have cytotoxic effects.

DNA fragmentation assay results

DNA fragmentation analysis is one of the most
important markers that reveal whether cell death
occurs by the apoptotic pathway or not. Since the
anti-proliferative effects can be observed during
the 24-hour incubation period, DNA fragmenta-
tion was also evaluated at the end of the 24-hour
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Fig. 3. Cytotoxic effects of
fragments on cell proliferation
for 72-hour incubation period 0,5 -
were shown. The time 0 bar
showed the initial cell amount
at the beginning of the exper-
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the non-treated group. Doxoru-
bicin-HCI] was used as a posi-
tive control for this experiment
(p <0.01; p <0.001).
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DNA-fragmentation results for 24h

Fig. 4. The effects of fragments
on DNA breaks depending
on their cytotoxicity for a 24-

8.0 hour incubation period were
; shown. The control bar showed
25 4 = the amount of DNA fragmen-
= tation in the non-treated con-
2.0 - = trol group. Camptothecin and
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S = positive controls. SP was used
& 15 = for another control to compare
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incubation period. Camptothecin, which is known
to kill cells by creating fractures in DNA in ex-
periments, was used as a positive control. Accord-
ing to the MTT test results, DNA fragmentation
experiments were performed in three doses (1, 10,
and 100 ng / mL), in which we had an anti-prolif-
erative effect. The results were given in Figure 4.

According to results shown in Figure 4, while
SP did not cause significant DNA fragmentation,
SP (1-7) and SP (9-11) at all three doses caused
a statistically significant increase in the amount
of DNA fragmentation, unlike the main peptide
itself. Similar to the cytotoxic effect, SP (9-11),
which contains the C terminal end of the SP, had

an opposite effect on DNA fragmentation. Espe-
cially, both highest doses of fragments caused
DNA breaks. According to these results, we sug-
gest that SP fragments show their cytotoxic ef-
fects by creating fractures in DNA.

VEGF, MMP-9, and Thrombospondin-1
Elisa Assay Results

The effects of fragments at three doses which were
determined according to the cytotoxicity test re-
sults, on the amount of VEGF (48-hour period),
MMP-9 (72-hour period), and Thrombospondine-1

VEGF release from cells at 48 hour
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8K Fig. 5. The effects of fragments
i:i:i on VEGEF release from MDA-
0,2 4 58 MB-231 cells after 48-hour
2 incubation period were shown.
58 The control bar showed basal
0.0 - o = =) =) o VEGEF release in the non-treat-
s = s S < d 1 SP (10
S - s S - ed control group. SP ( ng)
= was used as a positive control
SP (1-7) SP (9-11) to compare to the fragments (p
<0.01; p <0.001).
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MMP-9 release from cells at 72 hour

Fig. 6. The effects of frag-
ments on MMP-9 release from
MDA-MB-231 cells after a 72-
hour incubation period were 10 4
shown. The control bar showed ’
basal MMP-9 release in the
non-treated control group (p
<0.001). 0.8 -
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(48-hour period) released from MDA-MB-231 cells
into the medium, were determined and given in
Figure 5, Figure 6, and Figure 7, respectively.

As can be observed from Figure 5, the amount
of VEGEF released from the MDA-MB-231 cells
was increased as compared to the control group.
Interestingly, this increase was found statistical-
ly significant at the highest concentration in the
application of the 1-7 fragment of the substance
P, which is the N-terminal end of the substance
P but was also significant at the low doses of the
C-terminal end. Substance P itself also increases
the amount of VEGF alone. In this context, both
substance P fragment administration in the MDA-
MB-231 human breast cancer cell line has a simi-
lar effect to the main peptide.

The amount of MMP-9 released from MDA-
MB-231 cells instead of fattening was measured
at the end of the 72-hour incubation period and
the results are given in Figure 6. Both fragments
cause a decrease in the amount of MMP-9 com-
pared to the control group. Therefore, for both
fragments, they exhibit anti-angiogenic behavior
as they cause a decrease in the amount of MMP-9
released from cells.

Another protein that we investigated based on
the possibility that the fragments might exert their
anti-angiogenic effects by increasing the amount
of an anti-angiogenic factor was Thrombospon-
din-1 (TSP-1). Amounts of thrombospondin-1
released from MDA-MB-231 cells instead of fat-

tening were measured at the end of the 48-hour
incubation period and the results are presented in
Figure 7.

According to our results, the amount of throm-
bospondin-1 released from the MDA-MB-231
cells to the medium significantly decreased in
Substance P (10 ng / mL) and fragment 9-11 (1
and 100 ng / mL) treated groups compared to the
control group. A significant increase was found in
the highest dose of fragment 1-7 as compared to
control.

Considering all these results, Substance P and
its N-terminal and C-terminal fragments showed
different effects depending on their concentration
and application times in terms of both cytotoxic
and anti-angiogenic effects.

Migration Test Results

To figure out the migratory effects of SP frag-
ments due to the induction of endothelial cell
motility was assessed by the migration test. The
results are given in Figure 8.

In migration experiments, we tested the ef-
fect of SP fragments on the migration abilities of
HUVEC cells, and we have illustrated the size of
the wound after the wound was closed at certain
hour intervals (time 0, 6,12, and 24 hours) and cal-
culated the area size in mm. The lengths of the
opened spaces (wounds) were marked on the pic-
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Fig. 7. The effects of frag-
ments on TSP-1 release from
MDA-MB-231 cells after 48-
hour incubation period were
shown. The control bar showed
basal MMP-9 release in the
non-treated control group. SP
(10 ng) was used as a positive
control (p <0.01; p <0.001).
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tures at the level of mm. The starting time was set
to “time O” and these measurements were done
immediately after opening the wound at the be-
ginning of the experiments.

Using the distances at 0 hours, 6 hours, 12
hours, and 24 hours in total, how much the wound
closed within 24 hours was calculated as “% clo-
sure” by proportioning the control group for each
dose of each fragment (Table 1).

According to the experimental results, there
was a significant reduction in wound closure for
all doses of both fragments as compared to the
control group. We showed that both of the frag-
ments suppress the migration abilities of HU-
VEC cells and cause a significant reduction in the
wound healing rate.

DISCUSSION

The main point that we wanted to investigate in
this study was to figure out any anti-angiogenic
properties of SP fragments opposite of the intact
peptide, itself. Two opposite fragments of SP were
chosen for this study. These are Fragment 1-7 (SP
(1-7)) and Fragment 9-11 (SP (9-11)).

SP is released from the sensory nerve fibers and
it is one of the most important cancer-associated
neurotransmitters. While studies on SP itself and
NK-1 receptor antagonists continue intensively,
several synthetic SP fragments have been shown to
inhibit cancer growth, and these fragments are in
the clinical trial phase'?. Similarly, in our previous

study, we tested the potential cytotoxic properties
of SP (1-7), SP (1-6), SP (8-11), and SP (9-11) frag-
ments on the mouse breast cancer cell line. We have
shown that all fragments, except the fragment (1-
7), are effectively cytotoxic. In another study of us,
conducted in 2011, we applied SP (4-11), SP (6-11),
SP (1-7) fragments (100-0.001 nM) to 4T1 cells in
combination with radiotherapy (45 gray cobalt60)
and SP. We have shown that all fragments except
(1-7) show a cytotoxic effect on this cell line. These
fragments also increased the cytotoxic effect of ra-
diotherapy. However, substance P does not affect
the cytotoxicity of these fragments®.

Physiological fragments that are released as a
result of the breakdown of SP with ADAM-10 and
Neprilysin enzymes are almost identical in struc-
ture, so that physiological fragments, like their syn-
thetics, can suppress the physiological effects of SP.
The most studied physiological fragments are SP
(1-7). SP (1-7) has been shown to have pain-reliev-
ing properties and increase dopamine release. All
of the SP fragment-based studies are related to the
immune responsiveness of them and their effects
on interleukins are generally well-investigated".
Besides, since there are no new studies in the liter-
ature, the references are dated to the past.

It has been suggested that the administration of
the SP (1-7) fragment may be a potential antagonist
against SP-induced responses. The idea that SP (1-7)
fragment may be an internal modulator of SP func-
tions in this study was suggested by Herrera-Mar-
schit et al'* that suggested SP (1-7) fragment has a
painful effect while SP triggers pain formation.
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Fig. 8. Scratches were created
using a 5 mL syringe without a
needle. Photos were taken 12 and
24 hours after the treatment via
a Euromex Microscope with 10x
Objective. The photos were ana-
lyzed using ZEN 3.1 Blue edition
software.
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TABLE 1. Closure Rates of Gaps.

Fragment Doses % Closure Rates of Gaps as Compared to Control Group
Fragman SP (1-7) Fragman SP (9-11)

1 (ng/mL) 45.7% 47.6%

10 (ng/mL) 49% 60.9%

100 (ng/mL) 49.2% 44.4%
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It has also been shown that SP (1-9) and SP
(6-11) have similar modulating effects as the main
peptide, but the presence of fragments does not
have a signal-reproducing effect generated by the
SP. SP’s carboxy-terminal analogs [(Pro-4, Glu
(OBzl) 11) -SP 4-11, Hyp4, Glu (OBzl) 11) SP 4-11,
(c Hyp4, Glu (OBzl) 11) SP (4 -11) and (kPro4,
Glu (OBzl) 11) SP 4-11] have been shown to in-
crease TNF-o expression in human monocytes
and macrophages similarly to SP itself, and NK-1
receptor antagonists inhibit this effect, andilt has
been suggested that its effect originates from the
carboxy-terminal end".

The synthetic version of the SP (4-11) frag-
ment and NK-1 antagonist (D-Pro4, D-Trp7,9,
Phell) SP (4-11), and NK-2 receptor antagonists
GR71251 and L 668,169 (at concentrations of 10-5
M) were tested in vitro on human skin fibroblasts
and these NK-2 antagonists changed the dose-re-
sponse curve triggered by SP!°. However, it is
also suggested that when the SP is disintegrated
as a result of in vitro treatment with rat, mouse,
and human microsomes, the released fragments
are different for all three organisms, therefore
SP fragments are broken into different fragments
in different organisms, and these fragments may
play important roles on different biomolecular
mechanisms in these organisms'’.

CONCLUSIONS

Therefore, within the scope of the study, we want-
ed to determine the effects and results of N-termi-
nal SP (1-7) and C terminal SP (9-11) as follows:
1. Substance P has a proliferative effect on cancer
cells. We determined the anti-proliferative or
cytotoxic effects of fragments with MTT and
DNA fragmentation assays. According to our
results, we showed that the application of SP (1-
7) at the doses of 1 and 10 pg/mL in the first 24
hours significantly killed MDA-MB-231 cells
and had a cytotoxic effect. SP (9-11) fragment
did not show a significant cytotoxic effect only
at the lowest dose (1 ng), while it showed a cy-
totoxic effect at all other doses (1 pg/mL, 10 ug,
100 ng, 10 ng). Unlike SP, both fragments are
cytotoxic at the end of the 24-hour incubation
period and have an adverse effect in contrast to
the main peptide. At the end of the 48 hours in-
cubation period, SP (9-11) showed a cytotoxic
effect in all doses, while SP (1-7) showed the
significant cytotoxic effect in the highest three
doses. According to these results, for both frag-
ments, at the end of this incubation period, they
showed the opposite effect of the main peptide.
At the end of the 72-hour incubation period,
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only the lowest dose (1 ng / mL) of SP (1-7)
showed a significant proliferative effect, while
in all other doses, were cytotoxic in contrast to
the main peptide. Whether this cytotoxic ef-
fect seen in cells is due to apoptosis was also
determined with a DNA fragmentation assay.
According to these results, the amount of DNA
fragmentation at the highest dose increased sig-
nificantly in both fragment applications.

2. Substance P has an angiogenic effect. Accord-
ing to our hypothesis, we expected at least one
of these fragments may have anti-proliferative
or cytotoxic effects. In this context, to deter-
mine the possible anti-angiogenic effects of
the fragments, the amounts of VEGF, MMP-9,
and thrombospondin-1 from pro and anti-an-
giogenic factors released from the cancer cells
were measured. According to our results, the
amount of VEGF released from MDA-MB-231
cells instead of fattening caused only a signif-
icant decrease in the 100 ng / mL dose of the
SP (1-7) fragment at the end of the 24 hours
incubation period. There was an increase in
the amount of VEGF release in all other dos-
es of SP (1-7) and all doses of SP (9-11). Es-
pecially at doses of 1 ng/mL, VEGF amounts
significantly increased compared to control. In
this context, it has been suggested that after
the first 24 hours incubation period, fragments
exhibit similar effects to the main peptide on
VEGF release. At the end of the 48-hour in-
cubation period, there was an increase in the
amount of VEGF released at all doses of both
fragments, similar to 10 ng of SP administra-
tion. Statistically, this increase was found sig-
nificant in some doses. It has been assumed
that the amount of VEGF released shows both
peptide-like behavior in both fragments. When
the amounts of MMP-9 released from MDA-
MB-231 cells are compared to the control
group, it could be said that they cause a sig-
nificant decrease in both fragment treatments.
From this point of view, after the first 24 hours,
the fragments reduce the amount of MMP-9
released and show anti-angiogenic effects in
contrast to the main peptide. At the end of the
48 hours incubation period, we can say that
the effects of the first 24 hours disappeared.
While only 100 ng / mL dose of SP (1-7) frag-
ment caused a significant increase, in almost
all other doses MMP-9 was nearly the same
as the control group. At the end of the 72-hour
incubation period, there is a surprising reduc-
tion in all doses of both fragments (except the
1 ng/mL dose of SP (1-7)) compared to the con-
trol group. MMP-9 amounts were decreased
with the application of fragments depending
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on the incubation period and dose-dependent
manner. The amount of Thrombospondin-1 re-
leased from the MDA-MB-231 cells into the
medium causes a significant increase in the
application of SP (1-7) fragments at the end of
the 48 hours incubation period compared to
the control, while 100 ng and Ing/mL SP (9-
11) fragment applications caused a significant
decrease in the amount of released Thrombo-
spondin amounts. According to these results,
unlike SP main peptide, a 100 ng/mL dose of
SP (1-7) showed an anti-angiogenic effect. 100
and 1 ng/mL doses of SP (9-11) showed an SP-
like enhancing effect. Therefore, the clearest
result we can say about SP fragments is that
the fragments show bilateral effects similar to
the SP parent peptide or vice versa depending
on the factors examined, their concentration,
and incubation time, and this is a paradox.

3. In our experiments to investigate the effect
of SP fragments on the migration abilities of
HUVEC cells, we have illustrated the size of
the wound after the fixed wound formation
after the wound was closed at certain time
intervals and calculated the area size in mm
using a computer. The lengths of the wounds
are marked on the pictures at the level of a mil-
limeter. The start time was set to “O. Hour”
and measurements were done immediately
after opening the wound. Using the distances
at 0,6,12 and 24 hours. Wound lengths were
calculated as percent (%) closure by propor-
tioning the control group for each dose of each
fragment. According to our results, there is a
significant reduction in wound closure for all
doses of both fragments compared to the con-
trol group. In sum, both fragments kill cancer
cells by acting in reverse to the parent peptide
and suppress the migration capabilities of vas-
cular cells in contrast to the intact peptide.

In conclusion, this is the first report indicating
that SP fragments may have anti-angiogenic ef-
fects on HUVECSs in vitro. Fragments also showed
a cytotoxic effect on the breast cancer cell lines.
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