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ABSTRACT

OBJECTIVE: Preferential IGF-1Ec expression has been firmly associated with skeletal muscle
repair mechanisms, post-infarction remodeling of the myocardium, the pathophysiology of
endometriosis and prostate cancer biology. Therefore, we have studied the possible biological
significance of synthetic Ec peptide, a putative cleavage product of IGF-1Ec in PC-3 cells and
C2C12 myoblasts. DESIGN: We had previously designed and synthesized commercially peptides
corresponding to the human Ec and its mouse igf7 counterpart as well as synthetic peptides
that correspond to parts of the hEc. Using proliferation and mitogenic signaling assays, we
tested their effect on PC-3 cells and C2C12 myoblasts at different doses and in different cul-
ture conditions. RESULTS: Human Ec, hEc, was documented as exerting progression but not
competence growth factor actions, activating ERK1/2 without affecting Akt phosphorylation
in PC-3 cells. A narrow concentration range of hEc (5-50nM) stimulated the growth of PC-3
cells grown in culture media supplemented with 10% FBS. hEc did not stimulate the growth
of PC-3 cells cultured with media containing 0.5% FBS or in mouse C2C12 myoblasts under
any culture conditions. The activity of hEc was blocked by a neutralizing anti-human IGF-1Ec
antibody but not by a neutralizing anti-human IGF-1 receptor antibody. The synthetic mouse
Ec was inactive in human PC-3 cells; however, it stimulated significantly the proliferation of
mouse C2C12. By analyzing the bioactivity of synthetic hEc fragments, we documented that
hEc’s active core is located in the last 4aa of its C-terminal end. CONCLUSION: The hEc
peptide is an important progression factor for human PC-3 prostate cancer cells.
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sitol 3-kinase/AKT kinase (PI3K/AKT) pathway
and the Raf kinase/mitogen activated protein kinase
(Raf/MAPK) pathway.?* IGF-1R-dependent signal-
ing regulates a wide range of cellular responses,
including cell proliferation. IGF-1 can act both as
a competence growth factor, stimulating the “GO to
G1 transition” of quiescent/dormant cells, and as a
progression growth factor, stimulating the “G1 to G2
transition” of somatic cells in the cell cycle.**

By alternative splicing of exons 5 and 6, human igf7
produces three transcripts, namely IGF-1Ea, IGF-1Eb
and IGF-1Ec.? Since they contain exon 3 and exon
4, all of them can produce mature IGF-1. However,
translation of these transcripts produces different
E-domain peptides, namely Ea, Eb, and Ec. It is,
therefore conceivable that the preferential expression
of IGF-1Ec detected in several experimental settings
after tissue damage supports the need of the injured
tissue for an auxiliary to IGF-1, Ec-related bioactiv-
ity.*? Indeed, several studies have confirmed that
synthetic human Ec (hEc) and mouse E (mE) peptide
[a product of the E domain of IGF-1ED transcript of
mouse igf1] possess mitogenic, angiogenic and migra-
tory growth factor activity in vitro. In addition, other
studies in several experimental settings, including
prostate cancer models, in vitro and in vivo,*%!° have
suggested that Ec may act via an IGF-1R-independent
signaling pathway.®'>!7 Moreover, using molecular
engineering, we have recently produced human PC-3
prostate cancer transfectans with specific Ec overex-
pression (PC-3hEc cells). These PC-3hEc cells have
been documented, using in vitro and in vivo models,*
as possessing an increased oncogenic capacity and
invasive/metastatic capability.

However, the biologic importance of synthetic E
domain-related peptides has been challenged in studies
using various bioassay systems, including mesenchy-
mal stem cells and mouse C2C12 myoblasts.?' Since
there exist significant amino acid (aa) differences
(Table 1) between hEc and its mouse counterpart mE
(putative product of the IGF-1Eb of mouse igf7), we
have analyzed possible differences in the mode of
action of synthetic hEc and mE, employing various
experimental models (human PC-3 prostate cancer
cells and mouse C2C12 myoblasts) and various cell
culture conditions.?

Table 1. The amino acid (aa) sequence of synthetic human (hEc)
and mouse (mE) peptides* tested for bioactivity, in vitro

Name amino acid sequence
123 4567 8 910111213 14 151617 1819202122232425
mE SPSLSTNK’KTKLQ—R—TRK(‘SSTFEEI’-H‘(
hEc YQPPsSTN KNTKS Q RRKGSTFEERK
123 4 567 8 910111213 141516 17 1819 20 21 2223 24
hEc(1-12aa) [YQPPSTNKNTK S
12 3 4 567 8 9 101112

QRRKGSTFEE RK
13 141516 17 181920 21 2223 24

hEc(13-24aa

21 2223 24

hEc(21-24aa) EER K

SKNKTQSREGTKFSEKYRPRPQNT

123 456 7 89 1011121314 1516171819 20 21 22 23 24

scrambled

* Note the remarkable differences between hEc and mE peptides

Herein we report that hEc peptide [24 amino acids
of the carboxy (C)-terminal end of human Ec], is a
significant progression factor but not a competence
growth factor, stimulating the growth of human PC-3
cells grown in culture media supplemented with 10%
fetal bovine serum (10% FBS). Notably, hEc did not
stimulate significantly the growth of mouse C2C12
myoblasts under any experimental condition. In ad-
dition, mE stimulated the growth of mouse C2C12
myoblasts but not that of human PC-3 cells under
any experimental condition. Moreover, hEc and all
of the synthetic fragments that contained the last 4
amino acids of hEc’s C-terminal end activated ERK1/2
without affecting AKT phosphorylation in human
PC-3 prostate cancer cells.

MATERIALS AND METHODS

Synthetic peptides

We had previously designed and synthesized com-
mercially peptides corresponding to human Ec (last
24 amino acids of human Ec) and to its mouse igf1
counterpart, a putative product of the IGF-1ED tran-
script (last 25 amino acids of the mouse Eb; mE), as
well as various synthetic peptides that correspond
to parts of the hEc, namely hEc (1-12; N-terminal
end), hEc (13-24; C-terminal end) and hEc (21-24;
C-terminal end) (Table 1). Furthermore, we synthe-
sized a scrambled peptide, which was designed to
contain the same amino acids of hEc, in a random
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manner, avoiding any aa sequence that corresponds
to hEc or mE (Table 1). The scrambled peptide was
used as negative control. In addition, the commer-
cially available mature IGF-1 (rthIGF-1, Chemicon
International Inc., Temecula, CA, USA) was used as
positive control in our bioassays systems.

Cell Cultures

Human PC-3 prostate cancer cells (PC-3 cells)
and mouse C2C12 myoblasts were obtained from the
American Type Culture Collection (ATCC, Manas-
sas, VA, USA) and cultured in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) (Gibco, Invitrogen,
Carlsbad, CA), supplemented with 10% fetal bovine
serum (FBS) (Gibco, Invitrogen), containing 100 U/
mL penicillin/streptomycin (Gibco, Invitrogen). The
cells were grown at 37°C in a humidified atmosphere
of 5% CO,. The cells were initially cultured to reach
70-80% confluence. Following this, two types of
experiments were performed to search for evidence
as to whether the synthetic peptides under investiga-
tion are either competence or progression growth
factors. In the first series of experiments, the cells
were seeded for 24hrs after plating and the media
continued to be supplemented with 10% FBS during
the experimental procedure. We then added various
doses of the scrambled peptide (negative control),
mature IGF-1 peptide (positive control), hEc, mE
and the synthetic hEc fragments, hEc (1-12), hEc
(13-24), hEc,*'* for 48 hrs. In the second type of
experiments, after the cell plating, the culture media
were changed to contain 0.5% FBS for 48 hrs. The
latter is known to increase the distribution of cells
into the GO phase, thus facilitating the testing of
putative competence growth factor activity in vitro.
A competence growth factor “pushes” cells to enter
the cell cycle/G0-G1 transition.** In both series of
experiments, human PC-3 cells and mouse C2C12
myoblasts were challenged with various concentra-
tions of synthetic peptides for 48 hrs (0.5nM up to
200nM; final concentration/well).

Cell proliferation assays

(a) The rate of proliferation/metabolism of cells was
measured using the 3-(4,5-dimethylthiazol-2-yl)-2.5
diphenyl tetrazolium bromide (MTT assays; Sigma
Ltd). Cells were plated in 96-well plates at a cell den-
sity of 10°cells/well and grown in media (150ul/well)

supplemented with either 10% or 0.5% FBS, depend-
ing on the experiment. After treatment with synthetic
peptides, 15ul of (Smg/ml) MTT was added to each
well in a humidified atmosphere (37°C, 5%CO.) for
up to 4 hr. Then MTT was aspirated and 150 ml of
DMSO was added to each well. The optical density
(OD) was measured at 450nm using a microplate
reader (VersaMax; Molecular Devices, Sunnyvale,
CA, USA), as described previously.

(b) The actual number of alive PC-3 and C2C12
cells in cultures was assessed using the trypan blue
exclusion assays, whereby cells were plated (at a cell
density of 8x10* cells/well) in 12-well plates and ex-
posed to various doses of the synthetic peptides under
investigation. After 48 hrs, the cells were harvested
and counted by the trypan blue exclusion method, as
described previously.?

(c) The DNA content from identical experiments
was extracted by the phenol/chloroform method. The
DNA content was measured using a spectrophotometer
(Biospec Nano; Shimadzu Scientific Instruments, Co-
lumbia, MD, USA). This analysis provided evidence
for the rate of DNA synthesis in vitro.*

Characterization of hEc & mE activity

In order to investigate whether IGF-1R mediates
the activity of synthetic hEc in the PC-3 cells, the
cell cultures were pre-incubated for 1 hr with either
a monoclonal anti-human IGF-1R neutralizing anti-
body (R&D Systems; Minneapolis, MN, USA) or a
polyclonal rabbit anti-human IGF-1Ec antibody. The
latter was raised against the 24 amino acids of the
hEc.?? The IGF-1R neutralizing antibody was used at
a concentration of 10 pg/ml (1:50 dilution), following
the manufacturer’s recommendation, and the rabbit
anti-IGF-1Ec antibody was used at 1:50 dilution, as
previously described.?

Cell cycle analysis by flow cytometry

Cells were seeded in 12-well plates at a cell density
of 8x10*cells/well and then challenged by synthetic
peptides, as described above. After the experimental
procedure, adherent and floating cells were combined,
washed with PBS and fixed overnight at 4°C in 70%
ethanol in PBS. Fixed cells were then stained with
CyStain DNA 1step (Partec GmbH; Miinster, Ger-
many). Cell cycle analysis was performed using a
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FACS Calibur CyFlow ML Partec flow cytometer,
using the ModFit and Flowmax 3.0 software. This
analysis provided evidence for the effects of the
synthetic peptides under investigation in the distri-
bution of PC-3 cells into the various phases of the
cell cycle (GO/G1, S and G2/M phases), as described
previously,!3-20:23.24

Western analysis

Cells were seeded in 6-well plates grown in culture
media supplemented with 10% FBS and challenged
with synthetic peptides under investigation for 5,
15 and 30 min. Cells were extracted using RIPA
buffer (Cell Signaling; Beverly, MA, USA) supple-
mented with protease and phosphatase inhibitors
(Cell Signaling; Beverly, MA, USA). After 30 min
of incubation on ice, the cell lysates were cleared
by centrifugation (14,000 rpm, for 30 min at 4°C).
Protein concentration was measured using the BCA
Protein Assay Kit (Pierce Biotechnology; Rockford,
IL, USA). An equal amount of protein extracts (20
ug) was heated at 95°C for 5 min, electrophoresed
in 12% SDS-PAGE under denaturing conditions
and transferred onto a PVDF membrane (BIO-RAD
Laboratories; Hercules, CA, USA). The blots were
blocked with TBS-T (20 mmol/L Tris-HCI, pH 7.6,
137 mmol/L NaCl, and 0.1% Tween 20) contain-
ing 5% nonfat dried milk at room temperature for
1 hr. The membranes were probed overnight with
primary antibodies against phospho-ERK1/2 and
phospho-AKT (Cell Signaling; Beverly, MA, USA)
at 1:1,000 dilution in TBS/T containing 5% BSA
(Santa Cruz Biotechnology; Santa Cruz, CA, USA),
and with GAPDH (1:2,000 dilution; Santa Cruz
Biotechnology; Santa Cruz, CA). The blots were
then washed and incubated with a secondary goat or
mouse antibody raised against rabbit IgG conjugated
to horseradish peroxidase (1:2,000 dilution) (Santa
Cruz Biotechnology; Santa Cruz, CA, USA). The
bands were visualized by exposing the blots to X-ray
film after incubation with ECL substrate for 5 min
(SuperSignal; Pierce Biotechnology; Rockford, IL,
USA), as described previously.'>2*%

Statistical analysis

One-way analysis of variance (ANOVA) was
employed to evaluate significant changes in all cell
treatment conditions compared to controls, except for

the MTT assays where two-way ANOVA was used.
Specifically for the MTT assay comparisons, in order
to reveal if the effect of the various factors used for
cell treatment is stable for different concentrations or
between different FBS levels, the treatment factors
were used as the stable factor (group), while their
concentrations or %FBS were the repeated factor
(group X concentration or FBS interactions; SPSS
v. 22 statistical package, SPSS Inc. Headquarters;
Chicago, USA). Where significant F ratios were
found for main effect or interactions (p<0.05), the
means were compared using Tukey’s post-hoc test,
while Bonferroni corrections for multiple compari-
sons were performed where appropriate. All data are
presented as mean =+ standard deviation (SD). The
level of significance was set at p<0.05.

RESULTS

Characterization of hEc and mE activity in vitro

Synthetic hEc stimulated the proliferation of human
PC-3 cells when grown in culture media supplemented
with 10% FBS, as assessed by MTT (Figure 1: panel A)
and trypan blue assays (Figure 1: panel C). However,
hEc did not stimulate significantly the proliferation
of PC-3 cells in culture media supplemented with
0.5% FBS (Figure 1: panel B and panel D). These
data suggest that hEc is a progression but not a com-
petence growth factor. In addition, analysis of DNA
content confirmed the ability of hEc to stimulate DNA
synthesis in PC-3 cells, acting as progression factor
(Figure 2: panel B) but not as a competence growth
factor (Figure 2: panel E).

However, synthetic hEc did not stimulate (stimula-
tion 20%-30%) mouse C2C12 myoblasts (Figure 3:
panel A) and synthetic mE did not stimulate human
PC-3 cells under any experimental conditions (Fig-
ure 1 & Figure 2: panel C and panel F). Moreover,
synthetic mE stimulated the growth of mouse C2C12
myoblasts (Figure 3: panel A & panel B). These data
suggest that synthetic hEc and mE exert species spe-
cific actions in vitro.

The mature IGF-1 acted both as a competence and
a progression factor in our bioassay systems, while
the scrambled peptide did not stimulate PC-3 cells
and mouse C2C12 myoblasts under any experimental
conditions (Figure 1; Figure 2 and Figure 3). Inter-



Characterization of the human Ec peptide 427

A. B.
200 10% FBS 200 0.5%FBS
% %150 _ wAE wAE %150 | e
< " o B e
t ﬁ 50 1 i ***/ o L \\ ﬂ 50 A& rEE /
= -2 : SR _é__g == g _t * —&—scrambled
u-—éﬁ"'- - : o +—HM == — m_
250 5nM 10nM 20nM 50nM 100nM | 250 50 10nM 20nR1 50nM 100nM
50 - -50 7
C. D.
Q 200 - 10% FBS 200 - 0.5%FBS
% B hEc
g = L . 5 150 1 HIGF-1
W = 4 =
= 2 § c . mmEc
EJI E e & 7 § ; 100 i § Oscrambled
= = o
g - 5 = &
= 0 4 \\ §:-;-:- 3 N

20nM

Figure 1. Proliferation assays on human PC-3 cells. The effects of synthetic peptides on metabolic activity proliferation and on the
actual cell number of human PC-3 prostate cancer cells in vitro. The growth of human PC-3 cells was analyzed after 48hrs exposure
to putative growth substances using various concentrations (dose-dependent effect). The rate of proliferation/metabolism of the human
PC-3 cells was assessed by MTT assays (A) using cell culture media supplemented with 10% fetal bovine serum (FBS). hEc resulted
in a dose-dependent stimulation of cell proliferation/metabolism at concentrations of 2.5nM up to 50nM, whereas hEc concentration
>100nM produced an over-dosing effect (A). hEc had no significant effect on human PC-3 cultures supplemented with 0.5% FBS (B).
Unlike hEc, IGF-1 stimulated the growth of human PC-3 cells in both experimental conditions tested (0.5% and 10% FBS) (A, B). In
addition, mE and scrambled peptide did not stimulate the growth of human PC-3 cells (A, B). Moreover, the trypan blue exclusion as-
says revealed similar results under identical experimental conditions (C, D). Mature IGF-1 produced significant increases in the actual
number of PC-3 cells grown in both culture conditions (0.5% and 10% FBS) (C, D). Scrambled peptide did not stimulate the growth of
PC-3 cells in any experimental condition (C, D). The results are expressed as means = SD (X+ SD) of three independent experiments
performed in triplicate. *: p<0.05, **: p<0.01, ***: p<0.001 significantly different as compared to controls.

phase (Figure 4: panel B and panel C, respectively).
This data corroborates our results obtained by MTT,

estingly, synthetic hEc exerted its actions within a
relatively narrow range of concentrations (5-50nM),

thus producing a significant over dosing effect at
100nM. This effect was not noted by mature IGF-1
in vitro (Figure 1: panel A and panel C and Figure
2: panel A and panel D). A similar pattern of activ-
ity was documented also with mE in mouse C2C12
myoblasts (Figure 3: panel A and panel B).

Analysis of the cell cycle revealed that the distri-
bution of PC-3 cells at G1/GO0 phase was increased in
cultures supplemented with 0.5% FBS as compared to
those supplemented with 10% FBS (Figure 4: panel
A vs panel D). The exogenous administration of
20nM hEc or 20 nM IGF-1 increased the distribution
of PC-3 cells into S phase at the expense of G1/G0

trypan blue exclusion and DNA content assays.

Mode of hEc actions

Investigating whether hEc activity in PC-3 cells
is mediated by IGF-1R, we analyzed its effects in
presence and absence of neutralizing anti-IGF-1R
antibody and specific anti-human IGF 1Ec antibody.?
Such analysis revealed that hEc’s activity can be
blocked by the anti-IGF1Ec antibody but not by
the anti-IGF-1R antibody. The IGF-1 was used as a
positive control for IGF-1R-mediated specific action
(Figure 5: panel A; trypan blue assays and Figure 5:
panel B; DNA content assays).
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Figure 2. DNA content. The effects of the synthetic peptides were tested either in PC-3 cells grown in cell culture media supplemented
with 10% or in media containing 0.5% FBS at concentrations of 20nM and 100nM for 48hrs. The 20nM of the hEc peptide increased
significantly the DNA content of PC-3 cells grown with 10% FBS, while hEc at a concentration of 100nM produced an over-dosing
effect (B). In addition, mE concentration of 20nM and 100nM did not increase the DNA content of human PC-3 cells (C, F). IGF-1
increased the DNA content in PC-3 cells grown under both experimental conditions (0.5% and 10% FBS) (A,D). The results are ex-
pressed as means + SD (X+ SD) of three independent experiments performed in triplicate. *: p<0.05, **: p<0.01, ***: p<0.001 signifi-
cantly different as compared to controls.
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Figure 3. Proliferation assays for mouse C2C12 cells. The ability of synthetic peptides to stimulate the proliferation of mouse C2C12
myoblasts was assessed in PC-3 cells grown in cell culture media supplemented with 10% FBS (A) and 0.5% FBS (B). IGF-1 and
mouse mE stimulated the growth of C2C12 myoblasts in both experimental conditions. hEc and scrambled peptide did not stimulate
the growth of C2C12 myoblasts (A, B). The results are expressed as means = SD (X+ SD) of three independent experiments performed
in triplicate. *: p<0.05, **: p<0.01, ***: p<0.001 significantly different as compared to controls, * statistically significant compared to

hEc peptide.

In addition, analysis of ERK1/2 and AKT phos- hEc activates ERK1/2 via a mechanism that cannot
phorylation by Western blots has revealed that hEc be blocked by neutralizing IGF-1R antibody.
can activate ERK1/2 without affecting AKT (Figure 5:
panel D). Again, mature IGF-1 was the positive con- :
trol, knowing that it activates both ERK1/2 and AKT enabled us to document that the N-terminal fragment
(Figure 5: panel C). The scrambled peptide activated of hEc [hEc (1-12)] is inactive. However, similarly
neither ERK1/2 nor AKT in PC-3 cells after 5, 15, and to full length hEc, all the C-terminal fragments of
30 min (Figure 5: panel E). These data suggested that hEc were active in PC-3 cells grown in culture media

Furthermore, testing of synthetic hEc fragments
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Figure 4. Cell cycle analysis. Analysis of phase distribution of human PC-3 cells grown in cell culture media supplemented with 10%
FBS and 0.5% fetal bovine serum (FBS), after stimulation with the synthetic peptides under investigation, as assessed by flow cytom-
etry. The human PC-3 cells, which were grown with culture media containing 0.5% FBS, had an increased cell distribution in the G1/
GO phase as compared to PC-3 cells grown with 10% FBS (A, D). In addition, stimulation with hEc and IGF-1 increased the distribu-
tion of PC-3 cells in the S phase at the expense of the G1/G0 phase (A, B). This hEc effect was not evident in PC-3 cells grown with

culture media containing 0.5% FBS (B, E).

supplemented with 10% FBS [hEc (13-24) and hEc
(21-24)] (Figure 6: panel A; trypan blue assays and
Figure 6: panel B; DNA content assay). The analysis
of ERK1/2 and AKT phosphorylation revealed that
all the hEc fragments containing the last 4aa of its
C-terminal end provoked the activation of ERK1/2
without affecting AKT [hEc (13-24 and hEc (21-24)]
and acted as progression factors in human PC-3 cells.
The N-terminal hEc [hEc (1-12)] did not affect ERK1/2
activation and growth of PC-3 cells (Figure 6: panel
C, panel D and panel E). Therefore, we concluded
that the active core of hEc is located in the last 4aa
of its C-terminal end.

DISCUSSION

The time frame between two mitotic divisions is

known as the somatic “cell cycle”, while “interphase”
is the time from the end of one mitosis, or mitotic
(M) phase, until the start of the next one. After com-
pletion of mitosis, cells may either enter a condition
called G1 phase, during which RNAs and proteins
are synthesized but there is no DNA replication,
or withdraw from the cell cycle into the GO phase
(quiescence/dormancy). GO phase cells can reenter
the cell cycle (GO to G1 transition) with the action of
competence growth factors, such as platelet-derived
growth factor (PDGF) and basic fibroblast growth
factor (bFGF).>>*” Competence growth factors can
initiate this process via the activation of transcrip-
tion factors which are the products of the so-called
“early response genes” (proto-oncogenes), such as
c-fos and c-myc and ras. The gatekeeper p53, among
other events, controls the GO to G1 transition.?*?° In
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Figure 5. Mitogenic effects of the putative growth substances. Analysis of the mitogenic effects of putative growth substances tested
on human PC-3 cells, using cell culture pre-incubated with neutralizing IGF-1R antibody or IGF-1Ec antibody. The analysis involved
trypan blue exclusion assays (A) and DNA content assays (B). Pre-incubation with anti-IGF-1R Ab blocked the effect of IGF-1 but it
did not alter the proliferative effects of hEc on human PC-3 cells. However, the anti-IGF-1Ec antibody neutralized the proliferative
effects of hEc on human PC-3 cells. Furthermore, Western blot analysis revealed that IGF-1 activated both ERK1/2 and AKT in PC-3
cells (C). However, synthetic hEc activated ERK1/2 but not AKT (D). The scrambled peptide did not activate ERK1/2 and AKT in
PC-3 cells (E). The results are expressed as means = SD (X+ SD) of three independent experiments performed in triplicate. *: p<0.05,
*%: p<0.01, ***: p<0.001 significantly different as compared to controls.

vitro, the supplementation of cell culture media with
significant amounts of serum (>5%) provides the cells
with competence and progression factors necessary
to maintain cell survival and growth in vitro. Serum
deprivation (0.5% FBS) is an experimental technique
aiming to synchronize somatic cells in the GO phase
in vitro. It is well known that cancer cells and cell
lines require less serum supplementation to achieve
efficient survival and growth in vitro.>%

In the late G1 phase the cells reach the restriction
point (R); beyond this point cells are committed to DNA
replication in the S (synthesis) phase. Other growth
factors, such as epidermal growth factor (EGF) and
IGF-1, are progression growth factors, accelerating
the transition of cells already in the cell cycle from
the G1 to G2 phase. Notably, the progression from
G2 phase to M phase is independent of further growth
factor stimulation.?” The above is crucial background
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Figure 6. Mitogenic effects of the synthetic fragments of hEc. The synthetic fragments of hEc (a) hEc (1-12), (b) hEc (13-24), (c) hEc
(21-24) were tested for mitogenic activity in human PC-3 cells using trypan blue exclusion assays (A) and DNA content assays (B).
The fragment hEc (1-12) did not affect the growth of human PC-3 cells (A, B). However, all the synthetic fragments that contained the
last 4 amino acids (aa) of the hEC’s C-terminal end stimulated the growth of human PC-3 cells. In addition, the synthetic fragments,
hEc (13-24) and hEc (21-24), activated ERK1/2 (D, E), while the synthetic hEc (1-12) did not affect the phosphorylation of ERK1/2

in human PC-3 cells (C).

knowledge in cell physiology that enables analysis
of the role of putative growth substances in vitro.
Therefore, when testing for putative mitogens in
cell cultures using culture media supplemented with
0%-0.5% FBS (cells trapped in the GO phase), the
process is not expected to detect any bioactivity if the
substance under investigation is only a progression
factor without competence growth factor activity.?!
According to our results this is the case of hEc in vitro.

Moreover, our data revealed that hEc possesses
species-specific activity, acting as a progression factor
in human PC-3 cells but not in mouse C2C12 myo-
blasts. hEc did not stimulate significantly (20%-30%;
p>0.05) the growth of C2C12 myoblasts. All the
synthetic hEc fragments that contained the last 4aa of
the hEc C-terminal end exerted this species-specific

activity. The synthetic hEc fragment that contained
the N-terminal end was documented as being inactive
in all bioassay systems. Similarly, mE, which was
active in mouse C2C12 myoblasts, did not stimulate
significantly the growth of human PC-3 cells. Since
the last 4 amino acids of the C-terminal end of hE
and mE differ only in the amino acid residue at po-
sition 23, the role of rat position 23 in hEc appears
crucial for its biological action on human PC-3 cells.
Interestingly, in the literature the first synthetic hEc
peptide was initially produced bearing an unexplained
modification of its sequence at residue 23 (H instead
of R), apparently copying the aa sequence of the mE
C-terminal end.?!*? Conceivably, such a change, which
was repeated thereafter by other investigators, has
contributed to the confusing data about hEc’s activity
using either human or mouse in vitro systems.
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Furthermore, synthetic hEc exerted its action within
a very narrow concentration range, reaching a plateau
of its dose-dependent effects at 50nM (optimal dose
for in vitro testing = 20nM). The testing of hEc action
at a concentration of 100nM produced no significant
stimulation of the growth of human PC-3 cells in
vitro. Therefore, it is conceivable that the contradict-
ing reports on hEc’s actions may be attributable to
the variability of experimental settings (human and
mouse models), the narrow range of activity (tests
performed at 100nM) and the absence of competence
factor activity (testing in media with 0% FBS).

hEc action was not blocked by neutralizing the
anti-IGF-1R antibody, while its effect was blocked
by the anti-human IGF-1Ec antibody. These data
corroborate previous reports on hEc action'>'® and
the recently reported oncogenic role of hEc in PC-3
prostate cancer cells and immortalized (SV-40) hu-
man prostate cancer epithelial cells (HPrEC cells),
both molecularly engineered to overexpress specifi-
cally hEC (PC-3hEc and HPrEc-hEc transfectans), in
vitro and in vivo.” Interestingly, HPrECP-hEc cells,
orthotopically injected into SCID mice, provoked
metastases in these mice. Immortalized HPrEC cells
without expression of Ec do not produce metastases;
however, all the SCID mice injected with HPrECP-
hEc cells died within 12 weeks, showing a remarkable
increase in the mortality rate.?° Furthermore, hEc
overexpression produced epithelial to mesenchymal
transition (EMT) in PC-3hEc cells and PC-3hEc-
induced tumours in SCID mice. Notably, hEc-induced
EMT was causatively mediated by ERK 1/2 activation
and ZEB-1 expression, however, by a mechanism that
was independent of IGF-1R signalling.?

In addition, we recorded strong evidence supporting
the notion that IGF-1Ec overexpression in prostate
cancer tumours (PC-3hEc tumours in SCID mice)
is provoked by the host’s immune reaction. Indeed,
PC-3hEc cells are able to attract and to increase the
invasiveness of human mesenchymal cells in vitro,
while IGF-1Ec expression is enhanced in PC-3 cells
after co-culturing with pre-sensitized human mesen-
chymal cells.? In cancer biology, bone marrow-derived
mesenchymal stem cells (MSCs) are locally recruited
to establish a supportive stroma around the tumour, a
phenomenon elicited by the release of paracrine signals
by the tumour. Bearing in mind the above, our data

suggesting an overexpression of IGF-1Ec by injured
tissues, such as by the surrounding tissues in prostate
cancer, is reminiscent of the preferential expression
of IGF-1Ec post-skeletal muscle damage and that of
the myocardium during the post-infarction period.**3¢

Interestingly, species-specific differences of hEc
and mE actions may point to a possible different mode
of actions at the receptor level. It has been reported
that mE requires IGF-1R for its bioactivity,*® while
hEc appears to act in an IGF-1R independent man-
ner.'>2%33 Thus, the residue rat position 23 of hEc is
probably crucial for hEc receptor recognition.

Taking into consideration all these data, we con-
clude that hEc is a progression factor for human
PC-3 cells but not for mouse C2C12 myoblasts, that
it increases the growth and metastatic capability of
PC-3 hEc and HPrECP-hEc transfectans in vitro and
in vivo and that hEc overexpression can induce EMT
of PC-3 cells via an IGF-1R-independent [possibly
via a hEc receptor (hEc.R)].

CONCLUSION

hEc may have an important role in human prostate
cancer biology. Since the preferential overexpression
of IGF-1Ec in several pathologies produces both IGF-1
and hEc, it is conceivable that the biological role of
hEc may be auxiliary to that of IGF-1 (additive and/
or synergistic/antagonistic actions) in human tissues
which undergo repair/remodeling and/or in the tumour
microenvironment (host-tumour cell interactions).
We therefore conclude that further investigation into
the possible biological role of E domain products of
igf1 is warranted.
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