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Molecular characterization of PCa and BPH using the angiogenic tissue markers CD31 and CD45 to
differentiate between the two major types of prostate gland disorders is investigated. 8 clinically
characterized biopsies were analyzed at the Histopathology Laboratory of the EKiti State University
Teaching Hospital; the tissue sections were processed for antigen retrieval and were labeled with anti-
CD45 and anti-CD31 to map the location of angiogenic cells and vascularization in BPH and PCa. The
results showed that PCa biopsies expressed embryonic stem cell status of CD31+/CD45+, while BPH
showed CD31-/CD45+. This suggests the presence of migrating blood cells (vascularization) in PCa and
the absence of such in BPH. It also confirms the role of platelets in endothelial activation that can result
to cell proliferation and apoptosis in the prostate gland of either BPH or PCa diagnosed patients.

Key words: CD31, CD45, Prostate, Endothelioma, Vascularization, Angiogenesis

INTRODUCTION

Angiogenesis is a very important factor in the progression
of benign tumors and malignancies. As the tumors get
vascularized, mapping the angiogenesis markers is an
important tool in detection of prostate benign neoplasm
progression and malignancy (Ting et al., 2013). Specific
protein targeting and labeling are important for this
detection. The cluster of differentiations- CD31 and CD45
were selected as the angiogenic tumor markers for PCa
as they are important parameters in the determination of
micro vessel density within the prostate gland (Li et al.,
2013). CD31 (PECAM 1) is a platelet endothelial factor
responsible for cell-to-cell adhesion and plays important
(Cooper et al., 2002). CD31 can be localized on a wide
variety of cells including T-lymphocytes. Of importance is

its presence in the endothelial cells and intercellular
junctions; this protein functions within a larger family of
immunoglobin (Ig’s) involved in angiogenesis.

It is also expressed in certain types of tumors
especially in the glandular tissue of the prostate
(Maeshima et al., 2001). Immunodetection of CD31 can
help determine the index of vascularization as in PCa and
BPH progression in otherwise what is called tumor
angiogenesis or tissue angiogenesis which may be roles
in removing aged neutrophils from the body. It is also
important in the activation of alpha intergrin receptors
required to hold leukocytes to the endothelium caused by
inflammation and other fibrous tissue changes within
glandular tissue (Gravina et al., 2013). This is also

*Corresponding author. E-mail: ola.ogundele@abuad.edu.ng.
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important in the demonstration of prostatic angiomas and
angiosacromas (Jin et al., 2013; Tafani et al., 2011).
CD45 is a protein tyrosine phosphate (PTP) located in
hematopetic cells; the enzymes initiates dephosphoryla-
tion of phosphotyrosine residue and are characterized by
homologous cyclic domains (Carvalho et al., 2013). The
CD45 has several isoform peculiar to specific cell types;
CD45 is a protein expressed in mature lymphocytes that
are activated as a form of response to apoptosis;
apoptosis not programmed cell death, but physiological
cell death in this context (Brennen et al., 2013). This
study evaluates prostatic cellular disorders, (BPH and
PCa), where CD31 is mapped against CD45 to determine
the angiogenesis index in PCa and BPH.

MATERIALS AND METHODS
Tissue processing

BPH and PCa samples (biopsies) were obtained from patients
clinically diagnosed and histologically confirmed to have the
condition(s) following ethical guidelines approved by the Ekiti State
University Teaching Hospital, Ado-Ekiti. The biopsies were fixed in
formolcalcium (4BPH and 4Pca) and processed histologically to
obtain paraffin wax embedded sections at the Pathology Laboratory
of Ekiti State University Teaching Hospital, Ado-EKkiti.

Histology and immunohistochemistry

Tissue sections were processed for routine hematoxylin and eosin
following the methods of Zhang et al. (2012) to demonstrate the
general morphology of the tissues and vessels in the tissue (small
arteries).

CD31/PECAM 1

The following proteins were labeled in the BPH and PCa tissue
biopsies; CD31 in the glandular tissue of the prostate, CD31 in the
muscular part of the prostrate and CD31 in the endothelium of
blood vessels [anti Human-CD31 monoclonal diluted in Tris buffer
saline (TBS) 1:500].

Lymphocytic marker (CD45+)

This was demonstrated in the overall prostate tissue (glandular and
muscular part) as an indirect measure of lymphocytic cell response
at the onset of tumorgenesis (if any; progression of physiological
cell death). [CD45 Anti-human monoclonal diluted in PBS at 1:100]

Procedure

The paraffin wax embedded sections were mounted on a glass
slide in preparation for antigen retrieval where the slides were
immersed in urea overnight and then placed in a microwave for 45
min to re-activate the antigens and proteins in the tissue sections.
Primary antibody treatment involved treating the sections with
biotinylated goat serum for one hour following which the sections
were transferred to 1% bovine serum albumin (BSA) to block non-
specific protein reactions. Secondary treatment involved the use of
diluted anti-CD31 and anti-CD45 on the pre-treated sections for 1 h.

The immunopositive reactions were developed using a polymer 3’3’
diaminobenzidine tetrachloride (DAB) with colour intensification
involving the use of mathenamine silver kit. The sections were
counterstained in coomasie-G250 (brilliant blue) and treated in 1%
acid alcohol (freshly prepared).

Transformation

Mathenamine silver intensification is used on the immunopero-
xidase preparation after the peroxidase/H,0,/DAB reaction has
been carried out to give a brown deposit. The sections were then
counterstained in Hematoxylin. The counterstained sections were
washed in running tap water, thoroughly rinsed in distilled water,
and placed in preheated methenamine silver solution at 60°C for 5
min. Although it could be occasionally longer if the intensification
had been carried out at room temperature. In this study, to further
increase the clarity, hematoxylin was removed from counterstained
nuclei with 1% acid alcohol before the silver intensification was
carried out. The composition of the stock solution was 0.125% silver
nitrate in 1.5% hexamine. The solution was stored at 4°C. Prior to
use, 2 ml of 5% tetra borate was added to 50 ml of the stock silver
solution giving a pH of 8.0, which was then filtered into a coupling
jar and protected from sunlight.

RESULTS AND DISCUSSION

The study involves characterization of BPH and PCa
biopsies from human prostate by staining the biopsies
immunohistochemically using surface antigens for tumor
angiogenic cells CD31 and CD45. The nuclei were
stained blue following hematoxylin counter stain (Figures
1 to 3). Over the years the controversy of a possible link
between BPH and PCa has been extensively discussed;
researchers have described the possibility of BPH
progressing to PCa. To clarify the essence of the
controversy in the first instance, BPH tissue cells will later
become tumorgenic or secondly, the presence of
symptoms of BPH may predispose to PCa by cellular
activation of glandular tissue (Chen et al., 2012).

A major feature peculiar to both BPH and PCa is an
increase in the rate of cell proliferation. The clinical
manifestations of prostate cancer result from the effects
of local growth of the tumor, the spread to regional lymph
nodes via the lymphatic system, and the hematogenous
dissemination to distant metastatic sites. Although most
patients with early-stage prostate cancer are asympto-
matic, locally advanced disease can lead to obstructive or
irritative voiding symptoms that result from local tumor
growth into the urethra or bladder neck, extension into
the trigone of the bladder or both making it difficult to
differentiate from symptomatic BPH. However, BPH
arises as spherical masses of epithelial and stromal
elements from the glands lining the proximal prostatic
urethra. The ratio of epithelium to smooth muscle in the
prostate can vary among individuals, from 1:3 to 4:1.

However, larger prostates may contain more androgen-
dependent epithelial elements than smaller glands, which
contain a higher proportion of smooth muscle. In either
case, the outcome of BPH may be urethral obstruction
induced mechanically by epithelial overgrowth and
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S39 (BPH)

Figure 1. Histological demonstration of the general morphology in human prostate tissue S09, S20 and S30
for PCa while S29 and S39 represent the general morphology of BPH tissues. Cell aggregation can be
observed in both PCa and BPH; PCa cell aggregations are located at random in glandular tissue or close to
the ductal epithelium, while BPH forms an arranged layered mass of cells in the fibromuscular layer.

(Magnification x400).

dynamically by prostatic smooth muscle contraction, or a
combination of the two (Kyprianou et al., 1996). In both
cases, increased cell population is resultant while PCa
contains cell populations clumped to form a tumor at
random locations along the epithelium or glandular
tissue, resulting in nodular swellings (Figures 1 and 2).
The BPH appears to be a more coordinated proliferative

process where cell detachment is not observed and the
resultant cell mass have a defined layer like appearance.
A major difference between BPH and PCa is that hav-
ing acquired the cell mass, the cell aggregations in PCa
becomes highly vascularized as seen in the distribution of
CD31 (CD31+) in 3 PCa biopsies while in BPH no
vascularization is observed (CD31-) (Figure 2).
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CD31
PCa
S09/PCa A S20/PCal/Inflamation
S30/PCa S38/Normal testes
CD31
BPH

S29 ‘ S38

Figure 2. Immunohistochemical demonstration of CD31 in human prostate tissue S09, S20, S30
(PCa). S38 represents the control human testicular tissue. Immunopositivity was observed S30,
S09 and S20. Although the level of expression is lower and sparse in S09, this can be accounted
for a function of the difference in sites where the tumor cells are localized. While S09 is epithelia,
S20 and S30 are glandular and are accessible to vascular supply compared to S09. In the BPH
biopsies (S39,540 and S29), CD31 immunopositivity shows vascularisation of the BPH tissue
mass. A feature that seem to accompany cell proliferation. (Magnification x400).

This is similar to the findings of Wong and Chen (2012) are activated as a form of response to apoptosis, the
and Chen et al. (2012). The platelet derived factor CD45 distribution of CD45 was restricted to specific tissue sites
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S30 S38

S29 ' S38

Figure 3. Immunohistochemical demonstration of CD45 in human prostate tissue S09, S20,
S30. S38 represents the control human testicular tissue. BPH tissue biopsies S39, S29 and
S40). Growing evidence has implicated white adipose tissue as a source of stromal
progenitor cell recruited to the tumor microenvironment. S09 (+), S20 (+), S30 (+). In BPH
tissues CD45 positivity was observed around the epithelium and was absent in S29 biopsy
(Magnification x400).

within the glandular tissue but negative for the epithelium massive cell proliferation (PCa/CD45+ and BPH/CD45+).
in PCa biopsies while in BPH, the CD45 was found both This is in agreement with the findings of Morelli et al.
around the epithelium of the gland and the fibromuscular (2013) and Jones et al. (2013). Most of the cell death
layer (Figure 3). CD45 thus seem to be associated with (CD45+) observed were restricted to the surface of the
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Table 1. CD31 and CDA45 distribution in 4BHP and 4PCa Biopsies following
immunohistochemistry using monoclonal antibodies against Human CD31 and CDA45.

PCa CD31 CD45 BPH CD31 CD45
S09 -/+ + S39 - +
S20 + + S40 - +
S30 + + S29 - -
S38 + + S38 - +

tumor mass in PCa or tissue mass in BPH. It is charac-
terized by extensive proliferation and inflammation of
fibromuscular layer cells which has also been reported to
be an important predisposing factor to PCa (Lazar et al.,
2012).

In this study PCa recorded CD31+/CD45+ while BPH
showed CD31-/CD45+ (Table 1). This result may be
useful in predicting the management of carcinoma-in-situ
as CD31+/CD45+ may suggest progression to PCa.
These outcomes may also indicate infiltration of tissue
sites by macrophages like eosinophils. There is also a
possibility of having the presence of tumor cells from
more than one source that is lymphomas and adeno-
carcinomas. The CD45+ elevated levels in PCa and BPH
show activation and aggregation of platelets and
according to the studies of Jin et al. (2013), it is a
predisposing factor to recurrence of the tumor.

Combined immunodetection of CD31/CD45 also maps
the distribution of stimulating proliferating cell popula-
tions. Studies on muscles showed that CD31+/CD45-
characterized cells constitute about 5 to 6% of cell
population in the muscles while CD31-/CD45+
represents the status of 90% of the muscle cells (Figure 3
and Table 1). As a form of response to inflammation, it is
possible that CD31+/CD45+ cell population were
recruited from elsewhere (Taffani et al., 2011). Tissue
sites where CD31+/CD45+ have been identified includes
embryonic prostate tissue containing stem cells
programmed to form both glandular and muscle tissue of
the prostate gland and this is also an evidence of re-
expression of embryonic proteins in PCa cells. While the
CD31-/CD45+ are characteristic of muscles (90%), it
confirms the immune mapping in BPH where the status
was CD31-/CD45 (Table 1). CD45 is also peculiar to
cells that are capable of active proliferation such as
epithelial cells which most of the time undergo exfoliative
cytology as part of the routine of the tissue where these
cells are localized (Mackern Oberti et al., 2011).

Previous studies already established that CD31 is
characteristic of angiogenic cells originating from the
bone marrow and such CD31 cells will under defined
conditions give rise to endothelial cells and as such it is
important to identify cells with increased angiogenic
activity (Poveda et al., 2011; Blann et al., 2011). The
CD31/CD45 immuno-mapping can also be used as a
distinguishing factor for blood cell cancer proper or tumor

cells that move within the blood cells (Wong et al., 2012).
The role of endothelial cells mapped with CD31 is
important in determining the rate of progression of BPH
especially those linked with inflammation (Ribeiro et al.,
2012). Studies on other endothelial factors like VCAM-1
suggests active chemical interaction in blood vessels
(endothelium) to recruit lymphocytic cell lines into the
area and induce apoptosis by physiological cell death in
the BPH tissue mass or PCa cells (Lawson et al., 2007).
In conclusion, the relative distribution of CD31/CD45 is
an important molecular marker in determining angioge-
nesis in PCa progression and also a major tool in
distinguishing PCa from BPH.
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Naturally isolated cyclic pentapeptide Longicalycinin A, which showed cytotoxicity to Hep G2 cancer
cell line with an ICs value 13.52 pug/mL, has been successfully synthesized by solid-phase methodology
with Fmoc/t-Bu protecting schemes via solution-phase macrocyclization. 2-chlorotrityl chloride resin
was used as solid support. Solution phase macrocyclization of linear pentapeptide precursor was
carried out by two different routes with mild and severe acidic conditions correspondingly and found
that percentage yield of Longicalycinin A under mild acidic condition (33%) was better than severe
acidic conditions (13.7%). In addition, the cytotoxicity against Dalton’s lymphoma ascites (DLA) and
Ehrlich’s ascites carcinoma (EAC) cell lines with CTCy, values were found to be 2.62 and 6.17 pM

respectively.
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INTRODUCTION

The researchers have paid special attention to the cyclic
peptides due to their unique structures and wide spread
pharmacological profile, which may solve the problem of
wide spread increase of confrontation towards conven-
tional drugs (Poteau and Trinquier, 2005; Tan and Zhou,
2006; Morel et al., 2002; Jennings et al., 2001). Naturally
isolated cyclopeptides show various pharmacological
activities, such as antitumour (Salvatella et al., 2003;
Takeya et al.,, 1993; Morita et al., 1995), antimalarial
(Linington et al., 2007; Isaka et al., 2007), estrogen-like
(Itokawa et al., 1995) and tyrosinase inhibitory (Morita et
al., 1994).

Solid phase synthesis has many advantages over the
classical peptide extraction like the automation of the
reaction and the problems of purification and solubiliza-
tion of the peptide no longer exist since it remains
attached to the solid matrix. The most critical feature of

solid-phase synthesis is the attachment of substrate to
the polymeric resin (Scott, 2009), so the first anchoring
unit should be loaded efficiently with polystyrene support
and the linkage should be stable enough to tolerate the
subsequent chemical transformations and chemical
environment. Trityl linker is commonly used in solid-
phase peptide synthesis which allows the “protected”
compound to be subjected to various chemical
manipulations and consequently to afford pure com-
pounds without numerous purification steps (Park et al.,
2004; Olsen et al., 2004; Lundquist et al., 2006; Crestey
et al., 2008). Additionally, the trityl linker is readily
cleaved under mild acidic condition (1% TFA in
dichloromethane) owing to the high stability of trityl
cations (Rothman et al., 2003).

Cyclic head-to-tail connected peptides can easily be
synthesized in good purity using standard procedures
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and orthogonally protected amino acid residues. How-
ever, the cyclization step is critical and depends upon the
sequence of peptide, structural constraints, and the
resulting ring size. A number of studies have been
developed to improve this crucial step and to obtain cyclic
peptides in good yield with minimum side reactions (Yang
and Morriello, 1999; Li et al., 2002).

A new cyclic pentapeptide Longicalycinin A [cyclo-
(GIyl—PheZ—Pro?’—Tyr"—Phes—)] was isolated from the
plant Dianthus superbus var. longicalycinus which has
been used for treating carcinoma, diuretic and inflamma-
tory diseases showed cytotoxicity to Hep G2 cancer cell
line with an ICs, value 13.52 ug/mL (Hsieh et al., 2005).
By keeping in mind the significance of cytotoxic activity of
Longicalycinin A and solid-phase peptide synthesis, this
cyclic pentapeptide has been successfully synthesized by
solid-phase methodology with Fmoc/t-Bu protecting
scheme via 2-chlorotrityl chloride resin, while macro-
cyclization was carried out in solution-phase. Solution
phase macrocyclization of linear pentapeptide precursor
was carried out by two different routes with mild and
severe acidic conditions simultaneously and found that
percentage yield of Longicalycinin A under mild acidic
condition (33%) was better than severe acidic conditions
(13.7%). In addition, the cytotoxicity against Dalton’s
lymphoma ascites (DLA) and Ehrlich’s ascites carcinoma
(EAC) cell lines with CTCsq values were found to be 2.62
and 6.17 uM, respectively.

MATERIALS AND METHODS

All other commercially obtained reagents and solvents were used
without  further  purification.  Trifluoroacetic  acid  (TFA),
triisopropylsilane (TIS), Fmoc amino acids and coupling reagents N-
hydroxybenzotriazole = (HOBt), O-(benzotriazol-1-yl)-N,N,N-,N—
tetramethyluranium hexafluoro phosphate (HBTU) were supplied by
novabiochem. Solvents like acetonitrile (MeCN), pyridine,
piperazine, N,N-diisopropylethylamine (DIPEA) and diethyl ether
were purchased from Fisher Scientific. 2-chlorotrityl chloride resin
(1% DVB, 75~150 ym, 100~200 mesh, sub. rate 1.22 mmol/g) was
purchased from Wako. Dichloromethane (DCM), N, N-dimethyl
formamide (DMF) and methanol (MeOH) were dried according to
the Grubb’s methods (supporting information).

1HNMR spectra were recorded on Bruker NMR spectrometers
operating at 600 MHz. Proton chemical shifts (8) are reported in
ppm. Data are reported as follows: chemical shift (multiplicity
[singlet (s), doublet (d), triplet (t), quartet (q) and multiplet (m)], and
integration). 13CNMR spectra were recorded on Bruker NMR
spectrometers operating at 150 MHz, with complete proton
decoupling. NMR data were collected at 25°C. Analytical thin-layer
chromatography (TLC) was performed using Silica Gel 60 A F-254
pre-coated plates (0.25 mm thickness). Visualization was
accomplished after spraying with cerric sulphate reagent. High-
resolution mass spectra, mass measurements and fast atom
bombardment (FAB) mass measurements were recorded on mass
spectrometers JEOL JMS HX-110; FAB source using glycerol or
thioglycerol as the matrix and cesium iodide (Csl) as internal
standard. Optical rotations were measured with a JASCO DIP-360
digital polarimeter at the sodium D line (path length 50 mm). Low-
resolution electron impact mass spectra were recorded on a
Finnigan MAT-311 with MASPEC Data system. Peak matching,
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field desorption (FD) and field ionization (FI) were performed on the
Finnigan MAT-312 mass spectrometer. Reverse phase LC-908W
recycling preparative HPLC was performed on polyamine column
with gradient elution using acetonitrile (MeCN) and HPLC grade
water (H20) (1:2) respectively.

Loading condition for the first amino acid

To the 2-chlorotrityl chloride resin, preswollen in dichloromethane
(DCM) (1h), Fmoc-Gly (713.5 mg, 2.4 mmol, 2 equivalents), and
N,N-diisopropylethylamine (DIPEA) (1.07 mL, 6.10 mmol, 5
equivalents) were added under anhydrous condition. The reaction
mixture was stirred under nitrogen atmosphere for 4 h. The reaction
was terminated by addition of MeOH/DIPEA (9:1) (10 mL) as
scavenger to remove side products. The Fmoc-peptidyl resin 1 was
immediately filtered and washed sequentially with DMF (5 mL x 3),
DCM (5 mL x 3), and MeOH (5 mL x 3) respectively. The loading of
2 chlorotrityle chloride resin-bound Fmoc glycine in good yields (65
% loading level) has been obtained. After washing, the resin was
dried under vacuum for 24 h. The loading efficiency of 2-chlorotrityl
chloride resin was determined by loading efficiency procedure
(supporting information). The loading degree was found to be 65%,
which was determined by UV spectrophotometric analysis (Qin et
al., 2003). For the synthesis of the remaining linear pentapeptide,
the standard Fmoc protocol was followed (Veber et al., 1984).

Deprotection of Fmoc group

The Fmoc deprotected peptidyl resin was obtained by the addition
of 20% piperidine / DMF solution (15 mL) in such a way that the
solution just covered the surface of dried Fmoc-peptidyl resin in a
two necked round bottom flask (100 mL), with a nitrogen balloon
fitted syringe in one neck while the other neck was tightened with a
rubber septum and shaked for 30 min, the reaction flask was then
placed on a shaker (IKA® -AS130.1) (80 cycles/min). The peptidyl
resin was filtered under vacuum, and sequentially washed with 20%
piperidine / DMF (10 mL), DMF (5 mL x 5), and finally by DCM (5
mL x 5). The resulting compound was left to dry for 12 h. The
Kaiser ninhydrin colorimetric test (supporting information) was
performed to confirm the Fmoc deprotection.

Coupling of further amino acids

After loading the first amino acid on polystyrene resin, the resulting
peptidyl resin was soaked in DCM (10 mL) for 1 h and then in 2
equivalent concentration of Fmoc-amino acid and treated with
coupling reagents [HOBt (324.2 mg, 2.4 mmol, 2 equivalents) and
HBTU (910.2 mg, 2.4 mmol, 2 equivalents)] in DIPEA (820 pL, 4
equivalents) for 2 min to form a solution, which was then added to
the presoaked (DCM) peptidyl resin and agitated for 4 h at room
temperature under nitrogen atmosphere. The reaction was
terminated by performing the Kaiser test. After coupling and Fmoc
deprotected (20% piperidine/DMF), the anchored resin was filtered
and washed with DMF (5 mL x 3) and DCM (5 mL x 3),
respectively.

Cytotoxicity

Synthesized Longicalycinin A was subjected to short term in vitro
cytotoxicity study against Dalton’s lymphoma ascites (DLA) (NCRC
101) and Ehrlich’s ascites carcinoma (EAC) (NCRC 69) cell lines at
65.5, 32.75, 16.37, 8.18 and 4.09 pg/mL using 5-fluorouracil (5-FU)
as reference compound (Kuttan et al., 1985) and three experiments
were carried out with each concentration. Activity was assessed by
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determining the percentage inhibition of DLA and EAC cells. CTC
values were determined by graphical extrapolation method.

The 2-chlorotrityl-Gly’~Fmoc 1 was subjected to alternate five
coupling and five Fmoc deprotection processes, according to
general Fmoc deprotection method and general amino acid
coupling method as described above, to get compound 2-
chlorotrityl-Gly'-Phe?~Pro°~Tyr*(Ot-Bu)-Phe® 10 (Scheme 1). The
progress of each step was confirmed by Kaiser test (Kaiser et al.,
1970); the negative test (red color of granular resin) confirmed the
coupling, while the positive test (blue color of resin) confirmed the
deprotection of Fmoc.

The resulted linear pentapeptide anchored resin 10 was divided
in two equal masses and subjected to solution phase macro-
cyclization through two different routes A and B (Scheme 2): in one
route, first the cleavage step was completed then solution phase
macrocyclization was performed and at the end, deprotection of the
side chain (Ot-Bu) was achieved to produce the target molecule
Longicalycinin A, while in the other route the cleavage from the
solid support and side chain deprotection of Ot-Bu occurred in a
single step followed by solution phase macrocyclization to obtain
the target compound (Scheme 2). After cleavage of pentapeptidyl
anchored resin, each step was purified by reverse-phase recycling
preparative HPLC by using the solvent system of CH3CN: H,O, 1:2.
A graphical representation of Schemes 1 and 2 is shown in Figure
1.

Macrocyclization Route A
Synthesis of compound Gly'-Phe?*-Pro*-Tyr*(Ot-Bu)-Phe® 11

A mixture of 1% trifluoroacetic acid/dichloromethane TFA/DCM was
agitated with linear pentapeptide anchored resin 10 for 2 min under
nitrogen atmosphere and then filtered under vacuum. The filtrate
was treated with a mixture of 10% pyridine/MeOH (50 mL). The
same procedure was repeated 10 times and then the filtrate was
concentrated in a rotavapor and the crude linear side chain
protected pentapeptide Gly'-Phe?’~Pro*~Tyr*(Ot-Bu)-Phe® 11 was
purified by HPLC (CHsCN : H.0, 1:2) to give one major peak
identified on the bases of FAB-MS and H spectrum data as linear
side chain protected pentapeptide 11.

Synthesis of compound [cyclo-(Gly'-Ph2-Pro3-Tyr*(Ot-Bu)-Phe®-
)12

Side chain protected linear pentapeptide 11 (250.7 mg, 0.364
mmol) was dissolved in CH3CN (360 mL) and treated with HOBT
(50.0 mg, 0.364 mmol), HBTU (138.1 mg, 0.364 mmol) and DIPEA
(0.38 mL, 2.184 mmol). The solution was maintained at 23°C for 4
days by continuous slow stirring under nitrogen atmosphere and
after 4 days, the solution was concentrated in a rotavapor resulting
in a yellowish powder which was purified by HPLC (CH3CN : H0,
1:2) to give one major peak identified on the bases of FAB-MS data
as a side chain protected cyclic pentapeptide [cyclo-(Gly*-Ph-Pro*-
Tyr*(Ot-Bu)-Phe®-)] 12, (248.3 mg, 99.04 % with respect to
compound 11) (Scheme 2).

Deprotection of compound [cyclo-(Gly'-Phe?*-Pro®-Tyr*(Ot-
Bu)-Phe®)] 12

The side chain deprotection of [cyclo-(Gly*~Phe?~Pro®-~Tyr*(Ot-
Bu)-Phe®)] 12 was achieved by a 2 mL mixture of TFA/H,O/TIS
(95:2.5:2.5). The reaction mixture was kept under stirring for 1 h
under nitrogen atmosphere, the solution was concentrated in a
rotavapor and the crude cyclic pentapeptide was purified by HPLC

(CH3CN : H,O 1:2) to give a pure target cyclic pentapeptide
Longicalycinin A (81.93 mg, 32.9 % with respect to compound 12).
Furthermore, the recycling of carboxylic acid (e.g. preferably
trifluoroacetic acid) trityl ester resins was done by treating the resin
with HC1 in CH2C12.

Macrocyclization by Route B
Synthesis of compound Gly*-Phe?-Pro*-Tyr*-Phe® 13

A mixture of trifluoroacetic acid/dichloromethane/triisopropylsilane
(TFA/IDCM/TIPS) (10:9:1) was added to the linear pentapeptide
anchored resin 2-chlorotrityl-Gly*~Phe?~Pro®*~Tyr*(Ot-Bu)-Phe® 10
and stirred for 30 min. Under such strong acidic condition cleavage
of linear pentapeptide (Gly'-Phe?-Pro*-Tyr*(Ot-Bu)-Phe®) from the
2-chlorotrityl resin as well as side chain deprotection (Ot-Bu) were
carried out in one step. Then this mixture was filtered and washed
with a solution of TFA/IDCM/TIPS (10:9:1, 20 mL), and DCM (30
mL) after which the filtrate was concentrated in a rotavapor under
vacuum and the crude linear pentapeptide was purified by HPLC
(CH3CN : H20, 1:2); the HPLC profile showed one major peak
which was identified on the bases of FABMS data as linear penta-
peptide (Gly'-Phe®-Pro3-Tyr*-Phe®) 13 (245.1 mg) (Scheme 2).

Solution-iohase macrocyclization of linear pentapeptide Gly'-
Phe®-Pro®Tyr* -Phe® 13

Solution-phase macrocyclization of linear pentapeptide Gly*-Phe*
Pro®-Tyr* -Phe® 13 was carried out by dissolving 20 mg, 0.0317
mmol of compound 13 in CH3zCN (31.79 mL) and treated with HOBT
(4.4 mg, 0.0317 mmol), HBTU (12.0 mg, 0.0317 mmol) and N,N-
diisopropylethylamine (DIPEA) (0.038 mL, 0.2184 mmol). The
solution was kept at 23°C for 4 days by continuous slow stirring
under nitrogen atmosphere and then the solution was concentrated
in vacuo, resulting in a white yellowish powder and was purified by
HPLC (CH3CN:H;0, 1:2). The major peak was identified on the
bases of FAB-MS, 1H spectrum, 13C spectrum (Table 1), HMBC
and HMQC co-relation data as cyclic pentapeptide [cyclo-(Gly*-
Phe®-Pro’-Tyr*-Phe®-)] Longicalycinin A (33.5 mg, 13.7 % with
respect to compound 13).

RESULTS

Characterization of Gly'-Phe’-Pro’~Tyr*(Ot-Bu)-Phe®
11

The physical appearance as an amorphous solid (250.7
mg, 54.05 % with respect to loaded glycine) (scheme 2),
Rf = 0.22 (2:8 MeOH/CHCI;) ; FABMS (+ve) 686.81,
1HNMR (300 MHZ, CsDsN, 298 K, major conformation)
6 10.70 (s, OH), © 8.03 (m, 3H (NH)), & 7.49 (m, 4H), &
7.18-7.29 (m, 8H), 6 6.94 (d, 2H), d 5.15 (t, 1H), 6 5.11
(m, 2H(NH,)), 6 4.40 (m, 1H), & 4.14 (s, 2H), 6 3.97 (m,
5H), 6 3.44-3.51 (m, 3H), 6 2.86 (m, 1H), 8 2.32 (m, 2H),
0 2.02 (m, 2H), & 1.41(s, 9H) (Figure 1B). 13CNMR
(CsDsN, 125 MHz) 6 174.7, 6 170.5, 6 171.5, 6 170.2, &
170.1, & 157.2, & 137.7, 6 136.4, & 131.1, & 128.6, &
128.3, 0 128.1, ©127.6, o 125.8, & 124.8, & 123.5, &
116.2, 5 61.1, & 56.2, & 55.4, 5 55.7, 6 46.3, 0 44.4, b
37.6,0637.3,037.2,531.7, 5 22.8, 5 11.5 (Figure 2).
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Scheme 1. The Solid-Phase Synthesis of Longicalycinin A via 2-chlorotrityl Chloride Linker Reagents.

(a) (1) Fmoc-Gly-OH (713.5 mg, 2.4 mmol) (2 equivalents) , (2) DCM (10 mL), (3) DIPEA (1.07 ml, 6.10 mmol) (5
equivalents), Stirring 4h (under nitrogen), (4) MeOH/DIPEA (9:1); (b) 20% piperidine/DMF; (c) (1) Fmoc-Phe-OH
(929.9 mg,2.4mmol) (2 equivalents.), (2) HBTU (910.2 mg, 2.4 mmol) (2 equivalents), (3) HOBT (324.2 mg, 2.4
mmol) (2 equivalents), (4) DIPEA 820 pL (4 equivalents); (d) 20% piperidine/DMF; (e) (1) Fmoc-Pro-OH (809.7
mg, 2.4 mmol) (2 equivalents), (2) HBTU (910.1 mg, 2.4 mmol) (2 equivalents), (3) HOBT (324.2 mg, 2.4 mmol) (2
equivalents), (4) DIPEA (820 pL) (4 equivalents); (f) 20% piperidine/DMF; (g) (1) Fmoc-Tyr (Ot-Bu)-OH (1103.1
mg, 2.4 mmol) (2 equivalents), (2) HBTU (910.2 mg, 2.4 mmol) (2 equivalents), (3) HOBT (324.2 mg, 2.4 mmol) (2
equivalents), (4) DIPEA (820 uL) (4 equivalents); (h) 20% piperidine/DMF; (i) (1) Fmoc-Phe-OH (929.9 mg, 2.4
mmol) (2 equivalents), (2) HBTU (910.2 mg, 2.4 mmol) (2 equivalents), (3) HOBT (324.2 mg, 2.4 mmol) (2
equivalents), (4) DIPEA (820 L) (4 equivalents); (j) 20% piperidine/DMF; (k) (1) TFA/DCM/TIPS (10:9:1) (20 mL),
(2) CH3CN (31.79 mL), (3) HOBT (4.4 mg, 0.0317 mmol), (4) HBTU (12.0 mg, 0.0317 mmol), (5) DIPEA (0.038 mL,
0.2184 mmol).

11
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Scheme 2. The Solution-Phase Macrocyclization.

() (1) 1% TFA/DCM, (2) 10% pyridine/MeOH ((50 mL); (b) CHsCN (360 mL), HOBT (50.0 mg, 0.364 mmol),
HBTU (138.1 mg, 0.364 mmol), DIPEA (0.38 mL, 2.184 mmol); (c) TFA/H,O/TIS (95:2.5:2.5); (d)
TFA/DCM/TIPS (10:9:1), (e) CHsCN (31.79 mL), HOBT (4.4 mg, 0.0317 mmol), HBTU (12.0 mg, 0.0317 mmol),
(DIPEA) (0.038 mL, 0.2184 mmol).

Characterization of [cyclo-(Gly*-Ph*Pro®-Tyr*(Ot-Bu)-  1H), & 4.40 (m, 1H), & 4.15 (d, 1H), d 3.95 (m, 1H), d
Phe®)] 12 3.19-3.44 (m, 4H), 5 2.61-2.86 (m, 2H), & 2.34 (m, 2H), &

2.09 (m, 2H), 6 1.41 (s, 9H) (Figure 3). 13CNMR (CsDsN,
Rf = 0.21 (2:8 MeOH/CHCI;) ; FABMS (+ve) 668.79, 125 MHz) & 172.7, 5 172.5, 8 172.3, 8 171.5, 5 170.4, &
1HNMR (300 MHZ, CsDsN, 298 K, major conformation) ~ 158.0, & 138.5, & 137.5, 5 130.0, & 129.9, & 129.8, &
5 8.0 (m, 2H(NH)), 8 7.40 (m, 4H), & 7.27-7.29 (m, 6H), d  128.7, 5128.6, 5 126.8, 5 123.8, 5 123.8, 5 116.3, 5 61.7,
7.18 (m, 2H), 8 6.94 (dd, 2H), 5 5.10 (m, 1H), 54.92 (m,  556.4,555.7, 555.1, 546.9,545.5, & 38.2, & 37.6, &
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Figure 1A. Graphical abstract of Scheme 1 (The Solid-Phase Synthesis of Longicalycinin A via 2-chlorotrityl Chloride
Linker) and Scheme 2 (The Solution-Phase Macrocyclization).
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37.5,0631.7, 6 22.9, 6 11.5 (Figure 4).

Characterization of compound Gly'-Phe?*-Pro>-Tyr’-
Phe® 13

Rf = 0.24 (2:8 MeOH/CHCI;3) ; FABMS (+ve) 630.7,
1HNMR (300 MHZ, CsDsN, 298 K, major conformation)
0 10.86 (s, 1H(OH)), d 8.03 (s, 3H), d 7.40 (dd, 4H), &
7.29 (dd, 4H), 6 7.12 (d, 2H), & 6.74 (d, 2H), d 5.35 (s,
1H(OH)), 8 5.17 (m, 2H(NH,)), 6 5.15 (m, 1H), 8 4.92 (m,
1H), 6 4.40 (m, 1H), 5 4.14 (s, 2H), 6 3.95 (m, 1H), 5 3.44
(m, 4H), 8 2.95 (m, 2H), 8 2.34 (m, 2H), 8 2.02-2.09 (m,
4H) (Figure 5). 13CNMR (CsDsN, 125 MHz) & 175.7, &
172.5, ® 171.5, 6 170.6, & 170.5, & 157.6, d 1374, d
136.7,5131.8, & 129.6, & 128.5, 5128.1, 51274, d

680 40

20 0
PPM

125.6, 5 124.7, 5 123.5, 5 116.3, 5 61.2, 5 56.1, 5 55.6, &
55.2, 5 46.1, 5 44.6, 5 37.5, & 37.3, 5 37.2, 5 31.7, &
22.8, 5 11.5 (Figure 6).

Characterization of [cyclo-(GIyl-PheZ-Pros-Tyr“-PheS-)]
Longicalycinin A

Longicalycinin A [cyclo-(GIyl-Phez-Pro3-Tyr4-Phe5-)]
physical appeared as a white yellowish amorphous
substance. The specific rotation [a]p was -12° in MeCN
solvent. The FAB-MS exhibited [M+H]" at m/z 612. The
1HNMR spectrum (Table 1) of compound [cyclo-(Gly'-
Phez-Pros-Tyr4-Phe5-)] showed a broad singlet for NH of
Phe® at & 9.77. A broad doublet at & 8.02 (J = 9.9 Hz)
was due to (NH) proton of Tyr4, a doublet of one proton at
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Figure 5. 1IHNMR of compound.
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Figure 6. 13CNMR of compound 13.

5 9.05 (J = 8.2 Hz) was due to NH of Gly", a doublet of
one proton at 8 7.92 (J = 8.6 Hz) was due to NH of Phe?
two doublets at 8 7.45 (J = 8.4 Hz) and 8 7.01 (J = 8.4
Hz) were due to aromatic protons of Tyr®, a triplet at &
3.70 (J = 9.9 Hz) was due to a proton of Pro®. A negative
ninhydrin test indicated its cyclic nature. The difference of
13CNMR chemical shifts of Pro* (Ad Cg-C, 838 ppmg
provided evidence that the amide bond in the Pro
residue is cis (Mergler et al., 1988), (Figures 7, 8).

Cytotoxicity
The results of mean percentage inhibition (mean) and

standard deviation (SD) are shown in Tables 2 and 3.
Synthesized cyclopeptide exhibited high cytotoxic activity

180 1&07 " 140 0 120 100

PPM

' |

HN
T 7 ] — l’ 7 Ii 7 ‘7 V
80 60 40

I T
20 0

against DLA and EAC cell lines with CTC values of 2.62
and 6.17 pM respectively which in comparison to
standard drug 5-fluorouracil (5-FU) (CTC) values were
37.36 and 90.25 pM.

DISCUSSION

To the best of our knowledge the solid-phase syntheses
of Longicalycinin A was for the first time carried out using
Fmoc/t-Bu (Géngora-Benitez et al., 2013) protecting
schemes via solution-phase Macrocyclization (Jain et al.,
2009) Figure 1 A. All the Fmoc-protected amino acids
were activated by the HOBt/HBTU in the presence of
diisopropylethylamine (DIPEA) before coupling. Immobi-
lization was carried out on 2-chlorotritylchloride resin
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Figure 8. 13HNMR of compound Longicalycinin A.

through the carboxylic acid group of the first Fmoc-Gly
via 2-chlorotritylchloride linker (Tegge et al., 2010) by
DIPEA treatment under anhydrous conditions. The
loading step was repeated twice to achieve best loading
level. The resulting loading degree (65%) was deter-
mined by UV spectrophotometeric analysis (Qin et al.,
2003). The resin was subjected to various coupling-
deprotection steps to build the linear pentapeptide as the
precursor for the cyclic pentapeptide Longicalycinin A.
The progress of amino acid coupling was checked
through Kaiser's ninhydrin colorimetric test (Kaiser et al.,
1970). Fmoc deprotection before each coupling step was
achieved by treatment of peptidyl resin with 20% solution
of piperidine in DMF.

The linear pentapeptide part of peptidyl resin 10 was

PPM

cleaved from resin via two routes as shown in Scheme 2.
In route A the cleavage step was achieved by using mild
acidic condition to get the side chain protected penta-
peptide Gly'—Phe’—Pro’~Tyr*(Ot-Bu)-Phe® 11 which was
subjected to side chain deprotection followed by
cyclization in solution phase to get the title compound,
while in route B the severe acidic condition was used, by
which both cleavage of linear pentapeptide from resin
and side chain (Ot-Bu) deprotection of tyrosine unit were
done in a single step and then the cleaved side chain
deprotected pentapeptide Gly*-Phe’-Pro’-Tyr*-Phe® 13
was subjected to solution phase cyclization to obtain
Longicalycinin A. It was found that the percentage yield of
Longicalycinin A under mild acidic condition (33%) was
better than under severe acidic conditions (13.7%). In



Ahmad et al. 17
Table 1. *HNMR and **CNMR data of Longicalycinin A in Pyridine (CsDsN).
Unit OH, mult. (J in Hz) 6C
Gly* Cc=0 172.3
NH 7.92 (d, 8.2, 1H)
a 4.32 (dd, 2H) 455
Phe? c=0 172.5
NH 9.05 (d, 8.6, 1H)
a 5.18 (m, 1H) 55.1
R 3.32 (m, 1H) 38.2
3.21 (m, 1H)
Ar 7.15-7.21 (m, 5H) 138.5
128.6
129.8
123.8
Pro® C=0 1715
NH
a 3.70 (t, 9.9, 1H) 61.7
R 1.45 (m, 2H) 31.7
y 2.02 (m, 1H) 22.9
1.88 (m, 1H)
5 3.82 (m, 1H) 46.9
3.70 (m, H)
Tyr* c=0 170.4
NH 8.02 (d, 9.9, 1H)
a 4.58 (m,1H) 55.7
R 3.08 (m, 1H) 37.6
3.13 (m, 1H)
Ar 7.45 (d, 8.4, 2H) 130.0
7.01 (d, 8.4, 2H) 126.8
116.3
158.0
Phe® c=0 172.7
NH 9.77 (br s, 1H)
a 5.18 (m, 1H) 56.4
R 3.40 (m, 2H) 37.5
Ar 7.18-7.24 (m, 5H) 137.5
128.7
129.9
123.8
route-A the tertiary butyl protecting group remained intact and Heteronuclear  Multiple-Quantum  Correlation

with the tyrosine unit which limits the chances of side
products resulting in a higher yield in route-A as
compared to route-B, in which deprotected side chain of
the tyrosine unit may react with terminal carboxylic acid
group of glycine to form an ester linkage. Also in route-B,
severe acidic condition may cause the cleavage of amide
bonds, and the carboxylic acid group of Gly* unit may
also react with coupling reagents of HOBT and HBTU
(Han et al., 2004).

Each resulting compound was purified by reverse
phase recycling preparative HPLC and identified on the
basis of Fast Atom Bombardment Mass Spectroscopy
(FAB MS) data, IHNMR spectrum, 13CNMR spectrum
and Heteronuclear Multiple Bond Correlation (HMBC)

(HMQC). In addition, high cytotoxicity against Dalton’s
lymphoma ascites (DLA) and Ehrlich’s ascites carcinoma
(EAC) cell lines with CTC 50 values were found to be
2.62 and 6.17 pM. Recycling reaction may be carried out
in organic solvents with high absorption capacity of HCI
gas (such as alkylethers, DME, Diglyme, THF or
dioxane). The recycling reaction is preferably carried out
in the presence of THF or dioxane, most preferred in the
presence of dioxane.

Conclusion

A novel, mild and rapid procedure for the loading of 2
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Table 2. Cytotoxic activity data of Longicalycinin A for DLA cells.

Conc. Live cells Dead % growth  CTCso  Mean % growth Standard % Standard
(ng/ml) Sample counted cells inhibition (um) inhibition+ SD growth CTCso
counted inhibition (um)
LAl 0 40 100 100
65.5 LAL 1 39 97.5 96.66+3.81 100
LAl 3 37 92.5 100
LA2 3 37 92.5 100
32.75 LA2 3 37 92.5 91.66+1.44 100
LA2 4 36 90.0 100
LA3 8 32 80.0 75.0
16.37 LA3 7 33 82.5 2.62 80.83+1.44 75.0 37.36
LA3 8 32 80.0 75.0
LA4 12 28 70.0 65.0
8.18 LA4 12 28 70.0 70.0+0.00 65.0
LA4 12 28 70.0 65.0
LAS5 25 15 37.5 42.5
4.09 LAS 26 14 40.0 39.16+1.44 425
LAS 26 14 40.0 42.5

LA = Longicalycinine A, SD = Standard deviation, DLA = Dalton’s lymphoma ascites, CTC = Common Toxicity Criteria.

Table 3. Cytotoxic activity data of Longicalycinin A for EAC cells.

Conc. Live cells Dead cells  %growth  CTCso Mean % growth Standard % Standard
(ug/ml) Sample counted counted inhibition (um) inhibitiont SD growth CTCso
inhibition (um)
LA6 0 30 100 100
65.5 LAG 0 30 100 98.86+1.96 100
LA6 1 29 96.66 100
LA7 2 28 93.3 100
32.75 LA7 2 28 93.3 93.3+0.00 100
LA7 2 28 93.3 100
LA8 10 20 66.6 6.17 63.3 90.25
16.37 LA8 9 21 70.0 ' 68.8+1.96 63.3 '
LA8 9 21 70.0 63.3
LA9 16 14 46.6 36.6
8.18 LA9 16 14 46.6 46.6+0.00 36.6
LA9 16 14 46.6 36.6
LA10 21 9 30.0 23.3
4.09 LA10 22 9 30.0 31.0+1.73 23.3
LA10 20 10 33.3 23.3

LA = Longicalycinine A, SD = Standard deviation, EAC = Ehrlich Ascites Carcinoma, CTC = Common Toxicity Criteria.



chlorotrityle chloride resin-bound Fmoc glycine in good
yields (65 % loading level) has been developed, which
will be useful for the solid-phase preparation of
polypeptides containing glycine moiety in their structure.
The resin recycling capability has been demonstrated
using this protocol and the proposed reaction interme-
diates have been identified by performing the
corresponding reactions in solution. The substitution level
on the 2-chlorotrityl resin with Fmoc glycine was better
and 0.73 mmol/g of amino acid was loaded resulting in a
reasonable yield of the target peptide from route A (33%)
by using mild acidic conditions, and route B (13.7%) with
severe acidic condition, respectively. In route-A the
tertiary butyl protecting group remained intact with
tyrosine unit which limits the chances of side products
thus resulting in a higher yield in route-A as compared to
route-B. Synthesized cyclopeptide exhibited high
cytotoxic activity against DLA and EAC cell lines with
CTC values of 2.62 and 6.17 pM respectively, in
comparison to standard drug 5-fluorouracil (5-FU) (CTC
values — 37.36 and 90.25 pM). In future, Longicalycinin A
will be prepared by using 4-Sulfamylbutyryl AM resin for
comparative yield.
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