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ABSTRACT 

The gut hormone apelin is a major therapeutic focus 
for several diseases involving inflammation and ab- 
errant cell growth. We investigated whether apelin-36 
contained alternative bioactive peptides associated 
with normal physiology or disease. Amino acid se- 
quence analysis of apelin-36 identified an amidation 
motif consistent with the formation of a secondary 
bioactive peptide (SCNH2). SCNH2 is proven to be 
mitogenic and chemotactic in normal/malignant cells 
and augments angiogenesis via a PTX-resistant/CT- 
X-sensitive G protein-coupled receptor (GPCR). No- 
tably, SCNH2 is substantially more potent and sensi- 
tive than apelin-13 and vascular endothelial growth 
factor-A. Endogenous SCNH2 is highly expressed in 
human tumors and placenta and in mouse embryonic 
tissues. Our findings demonstrate that SCNH2 is a 
new apelinergic member with critical pluripotent 
roles in angiogenesis related diseases and embryo- 
genesis via a non-APJ GPCR.  
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1. INTRODUCTION 

Apelin-13 (APL-13) is a gastrointestinal tract peptide 
that regulates a variety of physiological functions via its 
interaction with the APJ receptor [1-3]. APL-13 is de- 
rived from a 77 amino acid preprohormone, which is 
enzymatically processed into apelin-36 (APL-36), ape- 
lin-17, and apelin-16, prior to being converted to its final 
modified state [2]. Its amino acid structure is highly 
conserved in vertebrate species. APL-13 expression is 
augmented under hypoxic conditions and has been 
shown to block HIV cell infection, controls the patho- 
physiology of both metabolic and cardiovascular dis- 
eases, activates neuron signaling, stimulates epithelial 
cell growth, modulates angiogenesis, underlies tip ce- 
ll/stalk cell communication, and normalizes tumor vas- 
culature [2,4-8]. As with any other bioactive peptide, 
alternate processing events may be involved with the 
translated protein product of the apelin gene. 

Peptide amidation selectively tracks with biological 
activity and involves consecutive enzymatic processing 
events that target a recognizable amino acid motif within 
the precursor molecule [9-11]. We have identified a clas- 
sic peptide amidation motif (GRRK or GRKK) within 
the APL-36 prohormone that encodes for a carboxy-ter- 
minal (C-terminal) glycine amide and is highly con- 
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served in mammalian/marsupial species but is not found 
in lower vertebrates. The human peptide, denoted as “se- 
lective apl-36 cutting and amidation” peptide (SCNH2), 
has a predicted amino acid sequence of L-V-Q-P-R-G- 
S-R-N-G-P-G-P-W-Q-G-NH2. 

Given that other peptide amides, such as adrenomed- 
ullin (AM), are proven mitogenic factors and have alter- 
native C-terminal derivatives with either low or absent 
bioactivity [12-16], SCNH2 (amide), SCOH (free-acid) 
and SCGly (glycine-extended intermediate) peptides 
were synthesized to evaluate their effects on cell prolif- 
eration. Only the peptide amide derivative proved to be 
bioactive. Accordingly, we evaluated whether SCNH2 is 
involved in tumor angiogenesis and metastasis using 
tumor and endothelial cell proliferation, migration, and 
in vitro/in vivo angiogenesis assays. In addition, selected 
SM inhibitors blocked SCNH2 activated phosphorylation 
of PI3/Akt and p44/42 MAPK signaling pathways as 
well as that of APL-13 [17,18]. Using a specifically de- 
signed fluorescent activated cell-sorting (FACS) assay, 
we enriched the SCNH2 receptor positive cells from a 
human breast carcinoma cell line (MB435). Importantly, 
using a CTX/PTX sensitivity assay, the SCNH2 putative 
receptor was characterized as a CTX-sensitive and PT- 
X-resistant G protein-coupled receptor, which is dis- 
tinctly different from the APL-13 receptor, APJ receptor, 
because the latter is a PTX-sensitive G protein-coupled 
protein [19]. Finally, using a specifically developed hy-
perimmune rabbit anti-SCNH2 IgG (IgGHIRS) in an 
immunohistochemical (IHC) staining, we demonstrated 
that the anatomical endogenous SCNH2 on the mouse 
embryonic E17 tissue, human normal tissues, and tumor 
tissue array, in which the augmented SCNH2 expression 
suggests that SCNH2 may play certain major roles in 
embryogenesis and carcinogenesis. 

2. MATERIALS AND METHODS 

2.1. Reagents and Cell Lines 

SCOH, SCGly, and SCNH2 were synthesized by Ge- 
nScript; biotinylated SCNH2 (bSCNH2) were synthe- 
sized by Princeton BioMolecules; gastrin-releasing pep- 
tide (GRP), adrenomedullin (AM), APL-36, APL-13, 
luteinizing hormone-releasing hormone (LHRH), argin- 
ine vasopressin (AVP) and oxytocin (OXT) were pur-
chased from Bachem, and vascular endothelial growth 
factor A (VEGF-A) was obtained from the R&D Systems; 
LY2228820, LY294002, U01216, AMD3100, and PTX 
were purchased from Sigma-Aldrich; normal rabbit IgG 
(IgGNRS) and IgGHIRS were produced by Epitomics; 
the anti-APJ receptor antibody was purchased from Santa 
Cruz; the human umbilical vein endothelial cell line 
(HUVEC) was purchased from Lonza; HMEC-1s was 
authorized by the Centers of Disease Control and Pre-

vention; the immortalized porcine aortic endothelial cell 
line (PAE) was agift from Dr. C.H. Heldin, Sweden; the 
immortalized human mast cell line (HMC-1) was kindly 
provided by Dr. J. H. (Butterfield, MN, USA); the human 
ocular melanoma (92.1) was a gift of Dr. Libutti, (NCI). 
The rest of the cell lines were acquired from the ATCC. 
An official NCI/MTA was obtained for the acquisition of 
all cell lines.  

2.2. Proliferation Assay  

The ATPlite one-step firefly luciferase assay (PerkinElm- 
er) was used for all cell proliferation studies. In short, 
1250 cells were seeded at a volume of 50 μl per well in 
appropriate media containing 0.5% FBS in a white wall 
96-well plate with a clear bottom (Costar 3610). Follow- 
ing overnight incubation, the peptide was added to the 
each well to obtain a final volume of 100 μl and the cells 
were incubated for 3 - 5 days at 37˚C/5% CO2 and termi- 
nated according to the company protocol. 

2.3. ELISA, Purification and Absorbed Antibody  
Assays  

ELISA assays were a modification of our previously 
used RIA [16]. Target peptides were passively absorbed 
to 96-well PVC plates (BD Falcon) at 100 ng/well and 
subsequently blocked with 1% BSA/PBS (Sigma-Al- 
drich). Serial dilutions of respective IgGNRS or IgGH- 
IRS were added to target peptide plates, incubated at 
room temperature and washed 3x in PBS. The bound 
antibody detected with 1:500 goat anti-rabbit IgG-HRP 
(Santa Cruz), followed by stabilized TMB chromogen 
(Invitrogen), blue > yellow chromatographic shift with 
stop solution (Invitrogen), absorbance read at 450 nm 
and “Y” axis plotted as OD units. The IgG fraction of 
rabbit sera was purified on a 5 ml HiTrap™ rProtein A 
FF Column (GE Healthcare, Sunnyvale, CA) following 
company protocol, desalted, filter sterilized (0.22 μm), 
and the protein concentration was determined by BCA. 
Rabbit anti-SCNH2 serum was selectively absorbed 
against targeted peptides using a solid phase capture 
technique. In brief, under sterile conditions, 15 ml coni- 
cal polystyrene test tubes (BD Falcon) were coated with 
8 ml peptide solution (either SCNH2 or APL-36 at 10 
μg/ml in PBS) or 1% BSA/PBS, rotated 12 hr at 4˚C, 
contents removed, blocked with 1% BSA/PBS, and 
washed 3x in 1% BSA/PBS. In the three prepared tubes, 
2 ml 1:100 of diluted IgGHIRS was added, rotated 12 hr 
at 4˚C, the contents were then removed, and a titration 
for binding SCNH2 determined as described above, and 
resulting samples then used for bioassays and IHC 
analysis of tissue specimens. 

2.4. Endothelial Cell Tubule Formation Assay 

Freshly prepared HUVEC cells were seeded at a concen-  
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tration of 25,000 cells per well of a 96-well culture plate. 
The wells were first coated with 50 μl of GeltrexTM 
basement membrane matrix (Invitrogen). The cells were 
resuspended in medium at a concentration of 5 × 105 
cells/ml. 25,000 cells were added per well. Positive con-
trol cells were cultured with medium supplemented with 
1.0% fetal bovine serum (FBS). Negative control cells 
were cultured with serum-free medium. Cells were incu-
bated at 37˚C/5% CO2 with. SCNH2 at the following 
concentrations: 1.0 pM, 10 pM, 100 pM, 1 nM, 10 nM, 
100 nM, 1 mM, and 10 mM (n = 3). After 6 hours of 
incubation at 37˚C, images of the experiments were 
taken using an inverted epi-fluorescent microscope 
(Olympus, IX70) and the tube length was measured us- 
ing the WimTube software (WIMASIS, Germany).  

2.5. Rat Aortic Ring Assay 

This procedure followed the previously described prot- 
ocols [20]. In brief, the aorta from 5 wk old male F344 
rats was excised cleaned of fat, sectioned into 2 mm 
rings, and embedded into the rat tail collagen type I. All 
the procedures followed the institute ACUC approved 
guidelines. The aortic rings were incubated at 37˚C 5% 
CO2 and sprouting vessels were counted 3 - 6 days fol- 
lowing the exposure to respective peptides concentra- 
tions (n = 4).  

2.6. Chorioallantoic Membrane in Chick  
Embryo (CAM) Assay  

Angiogenesis assays were performed as described pr- 
eviously [21]. Briefly, implants were generated by over- 
laying two gridded plastic meshes and embedding them 
into 30 µl of 1.6 mg/ml rat tail collagen (BD Biosciences) 
and test compounds. The implants were placed on the 
CAM of 10-day-old shell-less embryos. Implant-bearing 
embryos were incubated for 66 hours at which time the 
extent of implant vascularization was quantified. Newly 
formed vessels were identified by analyzing the upper 
plane of the implant with a dissecting microscope. Im- 
ages were captured at 6.3x using a StereoLumar.V12 
fluorescence dissection microscope (Carl Zeiss). The 
angiogenic index of each implant was determined as the 
percentage of grids that contained newly formed blood 
vessels out of the total number of grids in the upper 
mesh. 

2.7. Western Blot/Phosphorylation Assays of  
Signaling Pathways 

NMuMG, MCF-7, or HMEC-1 cells were seeded in 60 
mm plates (6 × 105 to 1.2 × 106 cells/plate) and they were 
serum starved for 24 hours. The following day, the cells 
were stimulated with various concentrations of APL-13, 
SCNH2, SCOH, and SCGly peptides over various 

different times at 37˚C/5% CO2. Protein extraction and 
Western blot analysis were performed as previously de-
scribed [17]. Protein lysates (20 mg/sample) were sepa-
rated on a 10% SDS-PAGE gel, transferred to Immobilon 
P membranes and blocked in 5% nonfat milk for 1 hr at 
room temperature. The blots were incubated with spe-
cific anti-phospho MAPK (Thr202/Tyr204) (1:1000) 
(D.13.14.4E, Cell signaling) or anti-phospho Akt (Ser473) 
(1:1000) (D9E, Cell Signaling) rabbit monoclonal anti-
bodies overnight at 4˚C. After incubation with a goat 
anti-rabbit IgG conjugated with horseradish peroxidase 
(Amersham), the immunoreactive bands were detected 
by enhanced chemiluminescence (Amersham). To ensure 
equal loading of proteins, the blots were stripped and 
re-probed with total MAPK (1:2000) (137F5, Cell Sig-
naling) or total Akt (1:2000) (C67E7, Cell Signaling) 
rabbit monoclonal antibodies or with β-actin (1:5000) 
mouse monoclonal antibody (Sigma). In the experiments 
with PTX, cells were pretreated over- night with various 
concentrations of PTX in serum-free medium. They were 
then incubated for 10 min at 37˚C with 100 pM APL-13 
or 100 pM SCNH2.  

2.8. Cell Migration/Invasion Assays  

For both cell migration and invasion assays, 96-well 
Chemo Tx 101-8 plates (Neuroprobe) were used pursu- 
ant to the previously reported protocols [16]. The wells 
of bottom plate contained different reagents in a suitable 
FBS free medium according to the experiments. The 
wells of top membrane plate hold 8000 - 10,000 cells/ 
well (The uncoated wells are for migration assay while 
the pre-coated with rat tail collagen type I are for inva-
sion assay) in a suitable FBS free medium and incu- 
bated at 37˚C/5% CO2/100% humidity for 5 - 24 hours. 
Membrane were removed and fixed in methanol for 5 
minutes each. The cells stained in 0.5% crystal violet, top 
layer of cells removed, the membrane plate was dried, 
and the bottom adherent cells were photographed for 
counting (ImageJ).  

2.9. FACS Sorting Assay 

MB435 cells were dissociated when they reached 70% - 
80% confluency in the culture. The cells were washed 3x 
in RPMI 1640 medium with 5%FBS and resuspended in 
the same medium. Following 1 hour incubation on a 
shaker for antigen recovery at room temperature, the 
cells were washed 3x in PBS and suspended in PBS with 
1% BSA at 1 × 107 cells/ml. 5 × 105 cells were incu- 
bated with 1:100 streptavidin-Alexa 488 (SA 488, Invi- 
trogen) and 5 μM of bSCNH2 + 10 μg/ml of SA488 
(1:100) and placed on ice for 15 minutes and centrifuged 
for 5 minutes at 4˚C. The cells were suspended in 0.5 ml 
of PBS with 1% BSA for analyzing and sorting using a  
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FACS (ARIA II, BD). Cells with positive signals in the 
488-channel (now referred to as enriched MB435 cells) 
were sorted for further culturing. We used the same pro- 
cedures to perform a binding inhibition assay to deter- 
mine the specificity of the SCNH2 receptor recognition 
in MB435 cells. The enriched MB435 cells were incu- 
bated with 50 μM of SCNH2, APL-13, other glycine am- 
ide peptides LHRH, AVP and OXT, and other C-terminal 
amides such as AM and GRP following the incubation of 
5 μM of bSCNH2 + 10 μg/ml of SA488. The positive 
control was incubated with the incubation of 5 μM of 
bSCNH2 + 10 μg/ml of SA488 and the negative control 
was incubated with 10 μg/ml SA488. All of the experi-
ments were then analyzed using the FACS. 

2.10. Immunohistochemical (IHC) Staining  

Human tumor cell lines/tumor tissue arrays and human 
placenta tissue were acquired through IRB approved 
protocols (TARP, LP, CCR NCI). Paraffin sections were 
deparaffinized in xylene and rehydrated in a graded se- 
ries of ethanol. To prepare the cytospinning slides of 
MB435 cells, we suspended 50,000 dissociated cells in 1 
ml of PBS and added a 100 μl solution to a Cytoslide 
loaded onto a Cytofunnel. The cells were centrifuged for 
5 minutes at speed 1,000 rpm using a Cytocentrifuge 
(Thermo Scientific). The slide was washed in PBS before 
any further IHC analysis. Endogenous peroxidase was 
blocked using a 3% hydrogen peroxidase-methanol solu- 
tion. A staining procedure was performed using a His- 
tostain-Plus Kit (Invitrogen). 1:6000 diluted IgGHIRS 
and IgGNRS and 1:2000 diluted anti-APJ antibody were 
used for the IHC staining. SCNH2 or APL-36 was used 
for absorption at 50 μM. Slides were mounted using 
GVA mounting media. 

2.11. Statistical Analysis  

Statistical analysis was carried out using either Microsoft 
Excel or Prism using a two-tailed Student’s t test. P val- 
ues less than 0.05 were considered statistically signifi- 
cant. 

3. RESULTS 

3.1. Identification of SCNH2 as a Mitogen in  
Endothelial, NMuMG, Tumor and Mast  
Cells  

Peptide amidation is one of the most important biosy- 
nthetic events in the production of bioactive peptide hor- 
mones [9,11]. The conserved amidation motif indicates 
multiple bioactivities [9,10,22]. Our C-terminal glycine 
amide SCNH2 was shown to be highly conserved in 
mammalian/marsupial species but is not expressed in 
lower vertebrates (Figure 1(a)). Therefore, the conserved  

evolutionary amidation motif we have identified suggests 
that SCNH2 may function as a pluripotent peptide. Ac- 
cordingly, of the three peptide derivatives evaluated 
(SCNH2, SCOH and SCGly), only the peptide amide 
proved to be mitogenic (Figure 1(b)).  

Cell proliferation is a key process driving angiogenesis, 
carcinogenesis and embryogenesis [23]. Compared to the 
controls, we demonstrate that nanomolar (nM) concen- 
trations of SCHN2 can significantly (p < 0.001 - 0.05, 
Figure 1(b)) stimulate the growth of a variety of ana-
tomically distinct cell populations that include endothe-
lial (HUVEC, HMEC-1, and PAE), epithelial (NMuMG), 
tumor (MCF-7, HTB-103, T47D, HT-1080, and SK-L- 
MS-1) mast cells (HMC-1) and however, neither SCOH 
nor SCGly showed any stimulated effects on endothelial 
(HMEC-1) and tumor cells (MB435) (p > 0.05, Figure 
1(b)). Hence, our cell growth data strongly confirmed 
that C-terminal amidation plays a critical role in the tro-
phic activity of SCNH2 [10,11]. 

3.2. Rabbit Anti-SCNH2 Hyperimmune Serum  
Specificity and Purification  

To identify the binding specificity of purified hyperim-
mune rabbit anti-SCNH2 IgG (IgGNRS) should be 
“IgGHIRS” for SCNH2, we performed modified ELISA 
(Figure 2). IgGHIRS selectively bound to SCNH2 with 
some cross-reaction to its precursor APL-36 but had 
minimal binding activities to any other peptides (Figure 
2). As expected, IgGNRS did not bind to any peptides 
(Figure 2(b)). IgGHIRS exclusively bound to SCNH2 
following exposure of APL-36 (Figure 2(c)), while the 
binding activity of IgGHIRS dramatically diminished 
following absorption with SCNH2 (Figure 2(d)).  

3.3. SCNH2, IgGHIRS, and in Vitro/in Vivo  
Angiogenesis  

Angiogenesis is the primary pathological process for the 
development of nearly all solid tumor growth and a 
critical step for tumor metastasis [24,25]. Moreover, be- 
cause APL-13 promotes angiogenesis [6-8], we assessed 
whether SCNH2 had a similar function. First, we evalu- 
ated the effects of SCNH2 on HUVEC cell tubule forma- 
tion. During a 6-hour exposure, compared to the control, 
we observed a classic rise/fall response with SCNH2 
inducing maximal tube formation at 10 nM (p < 0.05, 
Figure 3(a)), while the SCOH/SCGly derivatives proved 
non-functional (p > 0.05, Figure 3(a)). The representa- 
tive images of tube formation for the control and SCNH2 
at 10 nM are shown here (Figure 3(a)). Then, we as- 
sessed a dose-response of SCNH2 in the rat aortic ring 
assay. SCNH2 at 100 pM induced early vessel sprouting 
at 3 days resulting in a 2-fold increase in microvessel 
formation over the control (p < 0.01, Figure 3(b)), while  
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Figure 1. Identification of a novel apelineric member, SCNH2, and its mitogenic bioactivities. (a) An evolutionary 
comparison of the APL pre-prohormone expressed in mammals, amphibians and fish (covering 450 million year of 
genetic adaption). The conservation of the amino acid sequence for APL-13 is indicated in red, encoded amidation 
motif identified in yellow, amino acid amide in cyan, and remaining SCNH2 sequence highlighted in blue. Cell prolif-
eration (ATPLite) assays [plotted as “relative luminescent units” (RLU)]. (b) Evaluation of cell growth induction of 
SCNH2, SCOH, and SCGly on endothelial and tumor cells. Abbreviations: SCNH2, salcut-NH2; SCOH, peptide with 
free acid; SCGly, peptide with a glycine-extended intermediate; SCNH2, salcut-NH2; APL-13, apelin-13; MB435, 
human breast carcinoma cell line; HUVEC, primary human umbilical endothelial cell line; HMEC-1, immortalized 
human microvascular endothelial cell line; HTB-103, human gastric carcinoma cell line; T47D, human breast cancer 
cell line; MCF-7, human breast adenocarcinoma cell line; HT-10180, human fibrosarcoma cell line; PAE, immortal-
ized porcine aortic endothelial cell line; NMuMG, immortalized normal murine mammary gland epithelial cell line; 
SK-LMS-1, human leiomyosarcoma cell line; and HMC-1, immortalized human mast cell line. All values are mean ± 
SD (n = 8), *p < 0.05, **p < 0.01; ***p < 0.005, Ø = not significant. 
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Figure 2. Characterization of IgGHIRS on solid phase peptide targets using ELISA assays. Binding specificities of 
IgGHIRS and IgGNRS to SCNH2, APL-13, APL-36, other glycine amide peptides of LHRH, AVP and OXT. (a) 
IgGHIRS binding showing mild cross-reactivity with APL-36 and slight interaction with SCOH and SCGly; (b) 
IgGNRS is ineffective in interacting with any solid phase tested peptides. Effect APL-36 or SCNH2 absorption on 
antibody activity. (c) APL-36 absorption removed cross-reacting components present in IgGHIRS. (d) SCNH2 ab-
sorption dramatically reduced the binding capabilities of IgGHIRS to SCNH2. Abbreviations: IgGHIRS, purified 
rabbit anti-SCNH2 hyperimmune IgG; IgGNRS, normal rabbit IgG; SCNH2, salcut-NH2; APL-13, apelin-13; 
APL-36, apelin-36; LHRH, luteinizing hormone-releasing hormone; AVP, arginine vasopressin; OXT, oxytocin; 
GRP, gastrin-releasing peptide; SCOH, peptide with free acid; and SCGly, peptide with glycine-extentded interme-
diate. n = 8. 

 
the angiogenic compounds tested in vitro necessarily 
have angiogenic effects in vivo. Therefore, we investi- 
gated the in vivo angiogenic activity of SCNH2 and 
APL-13 using the CAM assay. SCNH2 and APL-13 
dramatically induced neovascularization at all of the 
tested concentrations (p < 0.005, left in Figure 3(c)). 
SCNH2 at 1 nM and APl-13 at 100 nM induced the 
maximum neovascularization (p < 0.005, left in Figure 
3(c)) but there was no statistical difference between these 
two groups and VEGF-A at 1 nM (p >0.05, left in Figure 
3(c)) Interestingly, IgGHIRS dramatically suppressed 
SCNH2 vessel formation (91.3% inhibition) and partially 
blocked APL-13 activity (51.2% inhibition) (p < 0.005, 
middle in Figure 3(c)), while IgGNRS was ineffective. 
SCNH2 was significantly more potent than APL-13 in 
inducing in vivo angiogenesis (p < 0.005, left and middle 
in Figure 3(c)). In addition, SCNH2 is more potent than 
VEGF-A in modulating a CAM response at 1 pM (p < 
0.005, right in Figure 3(c)). Considering that SCNH2 is  

an angiogenic agent in vitro and in vivo and far more 
potent than APL-13 and VEGFA, SCNH2 may play a 
more critical role in vessel formation than any other 
known angiogenic growth factor. 

3.4. SCNH2 Induced Phosphorylation of p44/42  
MAPK and PI3K/Akt Signaling Pathways in 
NMuMG, MCF-7, and HMEC-1 Cells 

APL-13 modulates the PI3K/Akt and p44/42 MAPK  
signaling pathways in NMuMG [26,27]. For purposes of 
comparison, we assessed whether and how SCNH2 in- 
duces p44/42 MAPK and PI3K/Akt phosphorylation 
(P-p44/42 MAPK and P-PI3K/Akt) using the NMuMG 
cells and found differences in the potency of pep- 
tide-induced signaling (Figure 4(a)). Compared to the 
control, SCNH2 augmented 28, 22, 22, and 17 folds of 
P-PI3K/Akt at 100 pM, 1 nM, 100 nM, and 1 μM, re- 
spectively, while it induced 8, 5, 4, and 2 folds of 
P-p44/42 MAPK at 100 pM, 1 nM, 100 nM, and 1 μM,  
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respectively (Figure 4(a)). However, APL-13 only in- 
duced a maximum of 8 and 5 folds of P-PI3K/Akt and 
P-p44/42 MAPK compared to the control, respectively 
(Figure 4(a)). SCNH2 even increased phosphorylation 
of these pathways at 0.1 pM (data not shown). In addi- 
tion, we evaluated the SCNH2-induced phosphorylation 
of these two signaling pathways over a time course in 
NMuMG cells from 5 minutes to 1 hour (Figure 4(b)). 
SCNH2 regulates the P-PI3K/Akt and P-p44/42 MAPK 
signaling pathways differently. SCNH2 has a transient 
effect on p44/42 MAPK (15 folds) activation for only 5 
minutes but maintains long-term P-PI3K/Akt (10 folds) 
(Figure 4(b)) up to 1 hour at 1 nM. This suggests that 
SCNH2 may play distinct roles through these signaling 
pathways from that of APL-13. 

Previous studies showed that the SM inhibitors to 
p44/42 MAPK (U0126) and PI3K/Akt (LY294002) block 

the phosphorylation of these signaling pathways [17,18]. 
We therefore evaluated whether these SM inhibitors are 
able to block the phosphorylation activities induced by 
SCNH2 in the MCF-7 (Figure 4(c)) and HMEC-1 cells 
(Figure 4(d)). As expected, these SM inhibitors blocked 
the SCNH2-induced phosphorylation of these pathways. 
U0126 suppressed 97% of SCNH2 and APL-13 induced 
phosphorylation of the p44/42 MAPK signaling pathway, 
while LY294002 blocked 75% of APL-13 and 93% of 
SCNH2 of the peptide-induced phosphorylation of 
PI3K/Akt (Figure 4(c)). U0126 suppressed 95% of 
APL-13 and 98% of SCNH2 of p44/42 MAPK and 
LY294002 inhibited 98% of APL-13 and 96% of SCNH2 
of PI3K/Akt of the peptide-induced phosphorylation 
(Figure 4(d)). These results demonstrate that SCNH2 is 
bioactive through these signal-regulated kinases in 
NMuMG, endothelial, and tumor cells.  

 

 
Figure 3. SCNH2 and APL-13 induced in vitro/in vivo angiogenesis. (a) Tubule formation on HUVECs). Top: images results 
of the negative control and SCNH2 at 10 nM and bottom: a dose-response of SCNH2. All values are mean ± SD (n = 3), *p < 
0.05. (b) Rat aortic ring vessel sprouting for in vitro angiogenesis. SCNH2 mediated vessel formation at 3 days and APL-13 
mediated vessel formation at 6 days. All values are mean ± SD (n = 6); *p < 0.05; **p < 0.01. (c) CAM assays for in vivo ne-
ovascularization. Left: comparison of VEGF-A, APL-13, and SCNH2 induced neovascularization; middle: Effect of IgGHIRS 
versus IgGNRS (100 μg/ml) on APL-13 or SCNH2 induced vessel formation; and right: comparison of VEGFA and SCNH2 
induced neovascularization. Abbreviations: SCNH2, salcut-NH2; APL-13, apelin-13; VEGFA, vascular endothelial growth 
factor A; CAM, chorioallantoic membrane; and HUVEC, primary human umbilical vascular endothelial cell line. All values 
are mean ± SD (n < 30), ***p < 0.005, Ø = not significant. 
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Figure 4. SCNH2-activated phosphorylation of PI3K/Akt and p44/42 MAPK signaling pathways using West-
ern-Blotting assays. P-p44/42 MAPK P-PI3K/Akt on NMuMG. (a) Peptide induced dose responses. (b) Time 
course study of SCNH2. Peptide activated signaling pathways and the effect of SM inhibitors, U0126 (p44/42 
MAPK inhibitor) and LY294002 (PI3K/Akt inhibitor), on the induced phosphorylation. (c) MCF-7 and (d) 
HMEC-1. Abbreviations: SCNH2, salcut-NH2; APL-13, apelin-13; and SM, small molecule; NMuMG, im- 
mortalized murine mammary gland epithelial cell line; and HMEC-1, immortalized human microvascular en-
dothelial cell line. 

 
3.5. SCNH2 and Migration/Invasion of  

Endothelial, NMuMG, and Tumor Cells 

Cell proliferation, migration, and invasion are critical 
events of embryogenesis, wound healing, and malignant 
diseases [24,25]. However, these events may not share 
the same signaling pathways. Therefore, in addition to 
evaluating SCNH2 on cell proliferation, we examined 
the effects of SCNH2 and APL-13 on human endothe- 
lial/tumor cell migration/invasion, as well as the charac- 
teristics and suppressive activities of IgGHIRS and SM 
inhibitors on these activities (Figure 5). Initially, we 
tested the dose-response of SCNH2, APL-13, and VEGF- 
A to the cell migration of HUVEC cells to identify the 
maximum induction concentration. The peptide response 
hierarchy was SCNH2 > VEGF-A > APL-13 in molar 
potency for mediating cell movement (Figure 5(a)). This 
indicates that SCNH2 is more potent that VEGF-A and 
APL-13 regarding cell migration. Using maximal stimu-
lating concentrations for SCNH2 (10 pM) and APL-13 
(10 nM), we assessed IgGHIRS and SM compounds for 
their ability to block peptide-induced bioactivities (Fig-
ures 5(b)-(l)). IgGHIRS, but not IgGNRS, significantly 

suppressed SCNH2 and partially blocked APL-13 activ-
ity in endothelial and tumor cells (Figures 5(b)-(l)), re-
flecting what we observed in our CAM analysis (middle 
in Figure 3(c)). The SM inhibitors of U0126 (p44/42 
MAPK), LY294002 (PI3K/Akt), LY2228820 (p38 
MAPK), and AMD3100 (CXCR4) [17,18] all effec- 
tively suppressed SCNH2 and APL-13 induced cell mi- 
gration and invasion (Figures 5(b)-(l)). The data suggests 
that SCNH2 mediates its functions via PI3K/Akt, p38 
and p44/42 MAPKs, and CXCR4 pathways. 

3.6. Characterization of the Putative SCNH2  
Receptor in MB435 Cells  

To characterize the putative SCNH2 receptor, we emp- 
loyed a FACS assay with (bSCNH2) and (SA488) to 
target responding MB435. Initially, we tested whether 
bSCNH2 is actively similar to SCNH2. The results 
showed that both peptides are mitogenic (Figure 6(a)). 
We then per- formed the FACS assay using bSCNH2 to 
sort the SCNH2 receptor positive cells, which we termed 
en- riched MB435. The non-specific signal noise was ap- 
proximately 0.6% in the neg tive control (Parent, Figure a 
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Figure 5. SCNH2 induced cell migration/invasion with and without IgGHIRS, IgGNRS, and SM inhibitors on endothelial and 
tumor cells. (a) Comparison of SCNH2, VEGF-A, and APL-13 induced HUVEC cell migration. Migration/invasion (through 
type I rat-tail collagen) mediated by SCNH2 (10 pM) and APL-13 (10 nM) compared to negative control and the effects of im-
mune reagent (IgGHIRS or IgGNRS, 100 μg/ml) or the selected SM inhibitors (10 μM) on the induced migration/invasion. The 
p44/42 MAPK inhibitor (UO126), the PI3K/Akt inhibitor (LY294002), the p38 MAPK inhibitor (LY2228820) and the CXCR4 
inhibitor (AMD3100) were used. (b) The results of migration and invasion on different endothelial and tumor cell lines. Abbre-
viations: SCNH2, salcut-NH2; APL-13, apelin-13; VEGFA, vascular endothelial growth factor A; IgGHIRS, purified rabbit 
anti-SCNH2 hyperimmune IgG; Normal rabbit IgG, IgGNRS; SM, small molecule; HUVEC, primary human umbilical vascu-
lar endothelial cell line; MCF-7, human breast adenocarcinoma; 92.1, human ocular melanoma; MB435, human breast carci-
noma; LEC-1, immortalized human lymphatic endothelial cell line; SK-LMS-1, human leomyosarcoma; SCOH, peptide with 
free acid; and SCGly, peptide with glycine-extentded intermediate. All values are mean ± SD (n = 3), *p < 0.05, **p < 0.01, ***p 
< 0.005.  

Copyright © 2013 SciRes.                                                                       OPEN ACCESS 



C. Fang et al. / Open Journal of Clinical Diagnostics 3 (2013) 37-51 46 

 
6(b)). 4.8% of the SCNH2 receptor positive cells were 
identified in the positive control (Parent, Figure 6(b)). 
The enriched MB435 cells were expanded and used in a 
binding inhibition assay to determine the specificity of 
the SCNH2 receptor recognition (Enriched, Figure 6(b)). 
We demonstrated that only SCNH2 blocked the binding 
of bSCNH2 down to 64% (Figure 6(b)) while APL-13 
(Figure 6(b)), other glycine amide peptides LHRH 
(Figure 6(b)), AVP (Figure 6(b)) and OXT (Figure 
6(b)), and other C-terminal amides such as AM (Figure 
6(b)) and GRP (Figure 6(b)) were ineffective (Figure 
6(b)). In addition, we showed that the proliferation pro-
file of enriched MB435 cells was shifted to the left on 
the y-axis demonstrating an enhancement in growth sen-
sitivity to SCNH2 over that of the parent MB435 cells 
(Figure 6(c)).  

Furthermore, we compared the IHC staining of 
SCNH2 and the APJ receptor using the MB435 cells 
(Figure 6(d)). SCNH2 expression was dramatically in- 
creased in the enriched MB435 compared to the parent 
MB435 cells (Figure 6(d)). However, the APJ receptor 
staining was significantly diminished in the enriched 
MB435 cells compared to the parent MB435 cells (Fig- 
ure 6(d)). Hence, these IHC results suggest that SCNH2 
functions through a distinctly different receptor from APJ. 
Prior reported data has shown that APL-13 triggers 
kinaseregulated signaling through the PTX-sensitive APJ 
receptor [19]. We hypothesized that SCNH2 does not 
function through the APJ receptor but activates the same 
signaling pathways differently than APL-13 through an 
unknown GPCR. Given this possibility, we evaluated the 
effects of PTX and CTX on SCNH2 induced kinase ac- 
tivation since these toxins have been used to target dif- 
ferent G proteins [28-30]. The results showed that 
SCNH2 signaling was resistant to PTX but sensitive to 
CTX while APL-13 activities are sensitive to PTX, con-
sistent with the prior data [19], but indifferent to CTX 
treatment (Figure 6(e)),. The data suggested that SCNH2 
mediates its bioactivities via a non-APJ GPCR. 

3.7. EndoEndogenous SCNH2 in Mouse  
Embryonic E17 Tissues and Human  
Placenta, Lung, and Solid Tumor Tissue  
Arrays  

Finally, to assess the anatomical expression of SCNH2, 
we used IgGHIRS IHC analysis of paraffin embedded 
tissue from a variety of sources (Figure 7). Human tro- 
phoblasts are known to be highly invasive, induce an- 
giogenesis, produce a variety of growth factors, and con- 
tain the enzyme repertoire for peptide amidation [31-33]. 
Accordingly, we performed IHC assays to detect en- 
dogenous SCNH2 in human placenta tissue. Villous cy- 
toplasm of trophoblasts from human placental tissue 

showed intense staining with IgGHIRS/APL-36 (arrow- 
heads, Figure 7(a), APL-36 absorbed) and clearly dimin- 
ished staining on exposure to IgGHIRS/SCNH2 (arrow- 
heads, Figure 7(a) SCNH2 absorbed). IgGNRS was 
negative for all IHC analysis (Data not shown). Devel- 
oping organs during embryogenesis have been demon- 
strated to produce peptide amides that drive growth in an 
autocrine/paracrine fashion and contain amidation en-
zymes [34,35]. In E17 tissue, there is an intense SCNH2 
staining in the following organs: adrenal and kidney; 
spinal cord and vertebrate; heart; salivary gland; pan- 
creas; thymus; and lung (Figure 7(a)). Accordingly, 
augmented endogenous SCNH2 indicates that the pep- 
tide may play a critical role in cell differentiation and 
embryogenesis. 

An analysis of ninety-four patients with non-small cell 
lung cancer showed that the APL mRNA expression was 
significantly elevated in tumor tissue compared to nor- 
mal lung tissue and that messenger levels track with in- 
creased microvessel density and poorer prognosis [36]. 
Based on these clinical correlations, we evaluated 
SCNH2 expression on a human tumor tissue. Endoge-  
nous SCNH2 was detected with IgGHIRS/APL-36 
(APL-36 absorbed in Figure 7(b)), but it dramatically 
diminished with IgGHIRS/SCNH2 in normal human 
lung tissue (SCNH2 absorbed in Figure 7(b)). Compared 
to normal tissue (Normal lung in Figure 7(b)), there is 
dramatic increase of SCNH2 in the following tumor tis- 
sues: lung cancer; colon cancer; breast cancer; and ovar- 
ian cancer (Figure 7(b)). Overall, the pathological analy- 
sis of IHC data in the tumor tissue arrays gave the fol- 
lowing breakout scores: breast 37/41 (90.2%); colon 
28/29 (96.6%); lung 28/32 (87.5%); and ovary 28/37 
(75.6%). This pilot study demonstrates a trend in en- 
hanced SCNH2 expression for human malignant tumors 
implicating SCNH2 as a possible diagnostic biomarker 
for these malignancies.  

4. DISCUSSION 

The apelinergic system (APL/APJ) is the new therapeutic 
focus for several human diseases involving inflammation 
and aberrant cell growth [2]. The apelin gene produces 
more than one peptide through enzymatic processes and 
these peptides generally have similar bioactivities in dif- 
ferent tissues [2]. Aside from trypsin-like cleavage and 
aminopeptidase/carboxypeptidase activity in the proc- 
essing of bioactive peptides from their respective pre- 
cursor proteins, alternative enzymatic events can play a 
critical role as well. We identified a classic peptide ami- 
dation motif (GRRK or GRKK) [11] in APL-36 and pre- 
dicted the formation of the bioactive peptide amide 
SCNH2 from this precursor concomitantly with APL-13. 
Given that other peptide amides are proven mitogenic 
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Figure 6. Characterization of SCNH2 putative receptor using MB435s and NMuMGs. (a) Mitogenic ef-
fect comparison between SCNH2 and bSCNH2 on parent MB435s. (b) FACS based receptor binding as-
say using 5 μM of bSCNH2 and 10 μg/ml SA488 with/without pre-incubation of peptide on parent and 
enriched MB435. (c) Comparison of SCNH2 induced cell growth on parent and enriched MB435 cells. 
(d) Comparison of IHC staining of SCNH2 and the APJ receptor on parent and enriched MB435 cells. (e) 
Western-Blotting results of the effects of CTX and PTX on peptide activated PI3K/Akt and p44/42 
MAPK signaling pathways. Abbreviations: SCNH2, salcut-NH2; bSCNH2, biotinylated Salcut-NH2; 
APL-13, apelin-13; SA488, streptavidin conjugated-Alexa 488; MB435, human breast carcinoma cell 
line; NMuMG, immortalized murine mammary gland epithelial cell line; LHRH, luteinizing hor-
mone-releasing hormone; AVP, arginine vasopressin; OXT, oxytocin; AM, adrenomedullin; GRP, gas-
trin-releasing peptide; CTX, choleral toxin; PTX, pertussis toxin; IHC, immunohistochemistry. 
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Figure 7. Identification of anatomical endogeneity of SCNH2 using IHC/IgGHIRS staining with/without 
APL-36 or SCNH2 absorption. (a) Human placenta tissue and mouse E17 embryonic tissues. Arrowheads in-
dicate the stained trophoblasts. (b) Normal human lung and human tumor tissue arrays from pathological 
specimens. CA, cancer. Scale bar = 100 μM. 

  
factors and have alternative C-terminal derivatives with 
either low or absent bioactivity [12-16], we assessed 
SCNH2, SCOH, and SCGly derivatives for the trophic 
function. SCNH2 proved to be the only derivative with 
mitogenic activity, which confirmed the critical impor- 
tance of an intact C-terminal amide residue for bioactiv- 
ity and receptor recognition capability [10,11]. 

APL-13 plays an important role in stimulating epith- 

elial cell growth, activating PI3K/Akt and p44/42 MAPK 
signaling pathways, modulating angiogenesis, regulating 
cell migration/invasion [37], underpinning metabolic and 
cardiovascular diseases, and normalizing tumor vascula- 
ture [2,4-8]. To investigate the bioactivities of SCNH2, 
we compared biological functions of SCNH2 and 
APL-13. SCNH2 and APL-13 have similar multi-func- 
tions regarding inducing cell growth, migration, invasion, 

Copyright © 2013 SciRes.                                                                       OPEN ACCESS 



C. Fang et al. / Open Journal of Clinical Diagnostics 3 (2013) 37-51 49

and angiogenesis through the activation of PI3K/Akt and 
p44/42 MAPK signaling pathways. In addition, to 
blocking the effects of exogenous SCNH2, we developed 
a specific hyperimmune reagent IgGHIRS to SCNH2. 
Not surprisingly, IgGHIRS blocks not only the basal 
level but also all of the SCNH2-induced bioactivities. We 
found that the new peptide is far more potent at nanomo- 
lar and picomolar concentrations than APL-13 with re- 
gard to all of the performed functional assays and far 
more potent than VEGF-A regarding inducing in vivo 
angiogenesis and migration of HUVEC cells. 

APL-13 activates the phosphorylation of PI3K/Akt 
and p44/42 MAPK signaling pathways via a Gi/oPCR, 
the APJ receptor [1-3]. We investigated whether SCNH2 
was able to regulate the same signaling pathways and 
whether its regulation was mediated by the same receptor. 
Interestingly, we found that SCNH2 activated the 
PI3K/Akt and p44/42 MAPK signaling pathways th- 
rough a receptor distinctly different from the one me- 
diating APL-13 function. The PTX sensitivity assay has 
been used for Gi/o protein characterization and the APJ 
receptor is a PTX-sensitive Gi/o protein [19,28,30]. 
SCNH2 activation of PI3K/Akt and p44/42 MAPK sig- 
naling pathway is PTX resistant while being CTX sensi- 
tive (Gs component), which indicates that SCNH2 and 
APL-13 use different GPCRs. 

Although SCNH2 was synthesized using a predicted 
amino acid sequence, its antibody (IgGHIRS) was able to 
specifically detect the endogenous expression of SCNH2 
in normal human tissue, placenta, and tumors, and in 
mouse embryonic tissues. It is noteworthy that there is 
significant augmentation of SCNH2 expression in the 
mouse embryonic organs and in human tumors. Because 
there is a divergence in SCNH2 expression between vi- 
viparous and oviparous animals, we concluded that there 
was probably a significant evolutionary development in 
the implantation process given SCNH2 expression in 
fetal trophoblasts and its functional role in cell migra- 
tion/invasion. Also, SCNH2 is able to execute its bioac- 
tivities at low nanomolar to picomolar concentrations. 
This suggests that SCNH2 could potentially play critical 
physiological roles in embryogenesis and carcinogenesis 
and may serve as a clinically relevant biomarker for cer- 
tain malignant events.  
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