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1. ABSTRACT

Sexually transmitted oral cancer/head and neck 
cancer is increasing rapidly. Human papilloma virus 
(HPV) is playing a role in the pathogenesis of a subset 
of squamous cell carcinoma of head and neck (SCCHN). 
Paclitaxel is a widely used anticancer drug for breast, 
ovarian, testicular, cervical, non-small cell lung, head 
and neck cancer. However, it is water insoluble and 
orally inactive. We report the synthesis of water soluble 
nanosize conjugates of paclitaxel, branched PEG, and 
EGFR-targeting peptide by employing native chemical 
ligation. We performed a native chemical ligation between 
the N-hydroxy succinimide (NHS) ester of paclitaxel 
succinate and cysteine at pH  6.5 to give the cysteine-
conjugated paclitaxel derivative. The thiol functionality of 
cysteine was activated and subsequently conjugated to 
multiarm thiol-PEG to obtain the paclitaxel branched PEG 
conjugate. Finally, we conjugated an EGFR-targeting 
peptide to obtain conjugates of paclitaxel, branched PEG, 
and EGFR-targeting peptide. These conjugates show 
anticancer activity against squamous cell carcinoma of 
head and neck cells (SCCHN, Tu212).

2. INTRODUCTION

Cancer is one of the deadliest diseases causing 
a large number of deaths worldwide. In 2012, about 
8.2 million people died of cancer-related causes globally, 
14.1 million new cases reported, and 32.6 million people 
living with cancer. It is estimated that by 2030, there 
will be 13.1 million deaths in cancer (1). According to 
the report of the International Head and Neck Cancer 
Epidemiology (INHANCE) Consortium, the worldwide 
incidence of squamous cell carcinoma of head and neck 
(SCCHN) exceeded 500,000, and mortality from this 
cancer exceeded 320,000 in the year 2008 (2). Cancers 
of oral cavity, pharynx, and larynx comprise 5% of all 
malignancies globally. It is estimated that in 2014 in the 
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United States, there will be 12000 deaths in SCCHN and 
55070 new cases of SCCHN (3). Human papillomavirus 
(HPV) is now recognized to play a role in the pathogenesis 
of a subset of squamous cell carcinoma of head and neck 
(SCCHN), particularly those that arise from the middle 
part of the throat including the soft palate, the base of 
the tongue, and the lingual and palantine tonsils within 
the oropharynx (4). HPV is the most common sexually 
transmitted infection (STI) (5,6). A person can get HPV by 
having oral, vaginal, or anal sex with someone who has 
the virus (5,6). In the United States, more than half of the 
oropharyngeal/head and neck cancers are associated 
with HPV-16  (7,8). The incidence of HPV-associated 
oropharyngeal/head and neck cancer has increased 
during the past two decades, especially among men. If 
the recent trends continue, then in the United States HPV 
will cause more oropharyngeal/head and neck cancers 
than cervical cancers by the year 2020 (7,8).

Paclitaxel, a diterpenoid derived from the bark 
of the Pacific yew tree Taxus brevifolia, is one of the most 
widely used antitumor agents (9-11). It exhibits effective 
antitumor activity against various cancers such as breast, 
ovarian, cervical, testicular, non-small cell lung, and head 
and neck cancers (9-12). Horwitz and co-workers have 
shown that paclitaxel binds to and affects the tubulin-
microtubule equilibrium, decreasing both the critical 
concentration of tubulin as well as the induction time 
for polymerization (13,14). The absence of free tubulin 
prevents the assembly of a normal mitotic spindle, which 
ultimately leads to cell death.

Although paclitaxel is an effective 
chemotherapeutic agent in clinical settings, 
disadvantages associated with its use include poor water 
solubility; significant toxicities due to its lack of selectivity 
towards cancer cells, the use of excipient and the high 
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doses required; drug resistance and inability to cross 
the blood-brain barrier. Like many chemotherapeutics, 
poorly water-soluble and orally inactive paclitaxel 
requires modification prior to intravenous administration. 
Unfortunately excipients can cause undesired side 
effects while increasing the treatment cost. Paclitaxel 
is currently supplied with the excipient containing 
Cremophor EL and dehydrated ethyl alcohol at a 1:1 (v/v) 
ratio (15). Cremophor presents a number of serious 
concerns when administered intravenously, including 
various intrinsic toxic side effects, limiting the amount 
of paclitaxel that can be safely administered (15). 
The most common morbidity is acute hypersensitivity 
reaction characterized by dyspnea, flushing, rash, and 
generalized urticarial (15). Studies have shown that 
intravenous administration of Cremophor alters the 
pharmacokinetic profile of paclitaxel. Moreover, systemic 
use of paclitaxel in large doses can cause hematologic 
and neurologic toxicities. Life-threating hypersensitivity 
reactions have been observed in some patients despite 
appropriate premedication such as histamine H2 
antagonists, dexamethasone, and diphenhydramine. In 
order to reduce the undesired side effects of paclitaxel 
therapy, increase its efficacy, and reduce the cost of 
treatment, it is necessary to develop a paclitaxel agent 
that has increased bioavailability and is suitable for 
selective local delivery with limited, or no, toxic side 
effects. Therefore, as a new preliminary investigation, 
we synthesized the nanosize conjugates of paclitaxel, 
branched polyethylene glycol (bPEG), and epidermal 
growth factor receptor (EGFR)-targeting peptide and 
investigated their anticancer activity using squamous cell 
carcinoma of head and neck (SCCHN) (Figures  1-12). 
Moreover, we included the detail synthesis steps and 
NMR data.

3. MATERIALS AND METHODS

All commercial materials (Sigma Aldrich, 
Polymed Therapeutics Inc, CPC Scientific Inc, NOF 
Corporation) were used without further purification. 
Branched PEG was purchased from NOF Corporation. 
All solvents used for extraction and chromatography 
procedures were used as received from commercial 
suppliers without further purifications. Unless otherwise 

mentioned, all reactions were carried out under argon 
atmosphere in oven-dried glassware using dry solvents 
under anhydrous conditions.1H NMR and 13C NMR 
spectra were measured in deuterated chloroform (CDCl3) 
and deuterated methanol (CD3OD) on Varian Inova 
600 or Unity 600 NMR spectrometers (Supplementary 
Information). All proton NMR spectra were recorded at 
600 MHz and all carbon NMR spectra were measured 
at 150 MHz, and reported in parts per million (ppm). 
Concentration of paclitaxel was determined by UV-Vis 
spectroscopy with an absorbance peak at wavelength of 
227nm.

Compound 6: Cysteine (200mg, 1.65mmol) 
was dissolved in phosphate buffer (20mL, pH  6.5) 
under continuous stirring. Solution of NHS-activated 
Taxol-succinate ester (50mg, 47mmol, in 20mL 
CH3CN/H2O) was added dropwise into the cysteine 
solution. The stirring continued for 24h. Acetonitrile was 
removed under reduced pressure. Then the reaction 
mixture was extracted with CH2Cl2/MeOH (20mL, 
3  times, CH2Cl2/MeOH =19/1). The organic layer was 
washed with brine solution (20mL, 3  times), dried over 
anhydrous Na2SO4. The crude product was purified by 
column chromatography (Eluent: EtOAc:  Hexane=1:1, 
1%CH3COOH→EtOAc:  Hexane=7:3, 1% CH3COOH 
→ EtOAc, 1% CH3COOH→ CH2Cl2/MeOH =19/1, 1% 
CH3COOH) to give the pure product (34mg, 32mmol) in 
68% yield. (Figures 5-6). 1H NMR (600MHz; CDCl3) δH 
8.09 (d, J = 7.2Hz, 2H), 7.75 (d, J = 7.2Hz, 2H), 7.64-
7.56 (m, 2H), 7.53-7.46 (m, 3H), 7.44-7.36 (m, 5H), 
7.33-7.28 (m, 1H), 6.78 (d, J = 7.8Hz, 1H), 6.30 (s, 1H), 
6.18 (t, J = 9.0Hz, 1H), 5.93 (dd, J = 9Hz, 3.6Hz, 1H), 
5.67 (d, J = 7.2Hz, 1H), 5.48 (d, J = 4.2Hz, 1H), 4.96 
(d, J = 10.2  Hz, 1H), 4.62-4.58 (m, 1H), 4.42-4.39 (m, 
1H), 4.27 (d, J = 6.0Hz, 1H), 4.18 (d, J =9.6Hz, 1H), 
3.73 (d, J = 6Hz, 1H), m (2.90-2.65, 4H), 2.60-2.45 (m, 
3H), 2.42 (S, 3H), 2.30-2.10 (m, 5H), 1.90-1.80 (m, 4H), 
1.66 (s, 3H), 1.40 (t, J = 6.0Hz, 1H), 1.21 (s, 3H), 1.13 
(s, 3H). 13C (150MHz, CDCl3) δC 172.4, 172.3, 171.9, 
171.7, 171.2, 170.2, 168.2, 166.6, 142.3, 136.6, 133.6, 
133.4, 132.8, 132.1, 130.1, 129.2, 129.0, 128.6, 127.3, 
126.8, 84.3,81.0, 78.6, 75.6, 74.9, 74.4, 71.9, 71.8, 60.4, 
58.2, 53.7, 53.2, 45.7, 43.0, 35.5, 35.3, 30.4, 29.1, 26.6, 
26.2, 25.2, 22.6, 21.9, 21.0, 20.8, 20.5, 14.7, 14.1, 9.6. 
HRMS-ESI (m/z) [M-H+] calculated for C54H59N2O18S, 
1055.3489; found, 1055.3472.

Compound 7: Paclitaxel-succinate-cysteine 
derivative 6 (22mg, 20mmol) was dissolved in DMF (4mL) 
under continuous stirring. Solution of 2,2′-dithiodipyridine 
(10mg, 45mmol, 2mL DMF) was added dropwise into the 
reaction mixture. Then pyridine (100mL) was added into the 
reaction mixture. Stirring was continued for 24h. Solvent 
was removed under reduced pressure and the reaction 
mixture was purified using column chromatography (Eluent: 
EtOAc: Hexane=1:1, 1%CH3COOH→EtOAc: Hexane=7:3, 
1% CH3COOH → EtOAc, 1% CH3COOH→ CH2Cl2/

Figure 1. Branched four-arm thiol polyethylene glycol ether.
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Figure 2. Retrosynthetic analysis for synthesis of conjugates 1 and 8.
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MeOH =19/1, 1% CH3COOH, CH2Cl2/MeOH =9/1, 1% 
CH3COOH) to give the pure product 7  (16mg, 14mmol) 
in 70% yield. (Figures  7-8). 1H NMR (600 MHz; CDCl3) 
δH 8.38 (bs, 1H), 8.08 (d, J = 6.0Hz, 2H), 7.72 (d, J = 
7.8Hz, 2H), 7.63 (t, J = 7.8Hz, 1H), 7.58 (t, J = 7.8Hz, 1H), 
7.55-7.22 (m, 12H), 7.16 (bs, 2H), 6.26 (s, 1H), 6.15 (t, 
J = 7.8Hz, 1H), 5.88 (dd, J = 8.4Hz, 3.6Hz, 1H), 5.63 (d, J 
= 7.2Hz, 1H), 5.44 (d, J = 3.6Hz, 1H), 4.92 (d, J = 9.6Hz, 
1H), 4.55 (bs, 1H), 4.40-4.37 (m, 1H), 4.25 (d, J = 6.0Hz, 
1H), 4.20 (d, J = 8.4 Hz, 1H), 3.74 (d, J = 6.0Hz, 1H), 3.26 
(d, J = 11.4Hz, 1H), 2.95 (bs, 1H), 2.72-2.60 (m, 2H), 2.58-
2.30 (m, 6H), 2.30-2.20 (m, 1H), 2.17 (s, 3H), 2.07-2.03 (m, 
1H), 1.86-1.81 (m, 4H), 1.63 (s, 3H), 1.18 (s, 3H), 1.09 (s, 
3H). 13C (150 MHz, CDCl3) δC 175.4, 171.8, 171.2, 170.6, 
169.9, 168.1, 167.3, 166.9, 158.2, 148.8, 142.6, 138.0, 
136.9, 133.6, 133.5, 132.7, 131.9, 130.1, 129.2, 129.0, 
128.6, 128.6, 128.5, 127.2, 126.7, 122.3, 122.0, 84.4, 81.0, 
78.9, 75.5, 75.0, 74.3, 72.0, 71.8, 58.4, 53.0, 52.6, 45.5, 
43.1, 40.5, 35.5, 35.3, 30.4, 29.0, 26.7, 22.6, 22.0, 20.8, 
20.4, 14.8, 9.5. HRMS-ESI (m/z) [M-H+] calculated for 
C59H62N3O18S2, 1164.3475; found, 1164.3472.

Compound 8: Branched four-arm thiol 
polyethylene glycol ether, HS-bPEG-4  (156mg, 4.2mmol) 

Figure 3. Synthesis of paclitaxel-branched PEG and paclitaxel-branched PEG-EGFR-targeting peptide conjugates.

Figure 4. Sulforhodamine B (SRB) assay for cell growth determination 
of head and neck cancer cell line Tu212. Cells were seeded in a 96-well 
plate (3000 cells/well). After 16h cells were treated with paclitaxel and 
paclitaxel polymer conjugates at various concentrations, and incubated 
for 72h. Cells were then fixed with 10% trichloroacetic acid, stained with 
0.4% SRB for 10 min and bound SRB was dissolved in 10mmol/L Tris 
base (pH 10.5). Cell growth was assessed by OD determination at 492 nm 
using a microplate reader. The percentage of survival was calculated 
based on the absorbance values relative to the control samples. The 
no-treatment group was considered as 100% cell growth and used as a 
control, and the treatment groups were compared to this control.
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Figure 5. 1H NMR of compound 6.  

Figure 6. 13C NMR of compound 6.

and compound 7 (30mg, 25.2mmol) were dissolved in DMF 
(6mL) under stirring conditions. Pyridine (500mL) was added 
dropwise into the reaction mixture. Stirring was continued 
for 48h. Then the solvent was removed and the product 
was purified using size exclusion column chromatography 

to give compound paclitaxel-branched PEG 8 in 87% yield 
with about 8% wt paclitaxel loading. (Figures  9-10) 1H 
NMR (600MHz; CDCl3) δC 8.13 (d, J = 7.7Hz, 2H), 7.82 
(d, J = 7.2Hz, 2H), 7.63 (t, J =7.4Hz, 1H), 7.53 (t, J =7.7Hz, 
2H), 7.50 (t, J =7.3Hz, 1H), 7.45-7.36 (m, 6H), 7.31-7.24 
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(m, 1H), 6.78 (bs, 1H), 6.28 (s, 1H), 6.17 (t, J = 9.0Hz, 1H), 
5.92-5.86 (m, 1H), 5.66 (d, J = 7.0Hz, 1H), 5.47 (d, J = 
4.2Hz, 1H), 4.97 (d, J = 9.5Hz, 1H), 4.63 (bs, 1H), 4.46-
4.39 (m, 1H), 4.30 (d, J = 8.4Hz, 1H), 4.18 (d, J =8.4Hz, 
1H), 3.80-3.50 (m, CH2 of PEG), 3.41 (bs, 1H), 2.97-2.90 
(m, 1H), 2.89-2.81 (m, 1H), 2.76 (t, 2H), 2.62-2.48 (m, 3H), 
2.42 (s,3H), 2.32-2.20 (m, 5H), 1.93-1.83 (m, 4H), 1.67 (s, 

3H), 1.25 (s, 3H), 1.22 (s, 3H), 1.12 (s, 3H). 13C (150 MHz, 
CD3OD) δC 176.5, 173.7, 171.6, 171.4, 171.3, 170.5, 
167.7, 162.0, 150.3, 142.5, 139.4, 138.6, 135.6, 134.9, 
134.7, 133.0, 131.5, 131.3, 130.2, 129.9, 129.7, 128.8, 
122.4, 121.1, 85.9, 82.3, 79.0, 77.5, 76.8, 76.3, 76.0, 72.9, 
59.3, 55.4, 44.7, 40.1, 39.5, 37.6, 36.5, 31.5, 30.8, 30.2, 
27.1, 23.4, 22.5, 21.0, 15.2, 10.6.

Figure 7. 1H NMR of compound 7.

Figure 8. 13C NMR of compound 7.
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Compound 1: Compound 8 (23mg, 5.57x10-1mmol) 
and compound 9 (54mg, 27.6mmol) were dissolved in DMF 
(1mL) under stirring conditions at 0oC, followed by the 
addition of PyBOP (12mg, 23mmol, 250mL DMF) and DIPEA 
(100mL). The reaction was stirred for 36h. The solvent was 
removed under reduced pressure, redissolved in MeOH 
and the product was purified by size exclusion column 

chromatography LH-20 to give the conjugate paclitaxel-
branched PEG-EGFR-targeting peptide, 1 (Figures 11-12) 
with about 12% wt peptide loading. Peptide loading was 
determined using UV-Vis spectroscopy.

Cell line: The SCCHN Tu212 cell line was 
established from a hypopharyngeal tumor and was 

Figure 9. 1H NMR of compound 8 

Figure 10. 13C NMR of compound 8 
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generously provided by Dr. Gary L. Clayman, University 
of Texas M.D. Anderson Cancer Center, Houston, TX. 
This cell line was cultured in DMEM/F12 (1:1) with 10% 
heat inactivated fetal bovine serum (FBS). Cells were 
maintained in a humidified incubator at 37oC, 5% CO2.

4. RESULTS

In an effort to address the issues of cancer 
therapy using paclitaxel, we have synthesized a water 
soluble nanosize conjugate of paclitaxel, branched 
polyethylene glycol (BPEG), and EGFR-targeting 
peptide, 1 (Figures  2-3). In the case of linear PEG of 
molecular weight ~40,000, the loading was 4% by weight 
of paclitaxel. Here, we used branched four-arm thiol 
PEG (HS-bPEG-4) of average molecular weight 37,000 
(Figure 1), and loading was 8% by weight of paclitaxel.

The EGFR-targeting peptide used in this study 
(YHWYGYTPQNVI) binds specifically and efficiently to 

EGFR with a dissociation constant of ~22nM, but with 
much lower mitogenic activity than EGF (16,17). In order to 
increase the efficacy of paclitaxel chemotherapy and reduce 
undesired side effects, we used EGFR-targeting peptide as 
a ligand to target cancer cells that overexpress EGFR.

We used a Y-shaped linker system where three 
functional moieties ‒ ester, amide and disulfide bonds ‒ are 
involved. We used cysteine in this linker system. Cysteine 
has three different functional groups,  -NH2,  -CO2H, 
and -SH, which we utilized to conjugate three different 
moieties. The NH2 group of cysteine was used to 
conjugate the paclitaxel-hemisuccinate derivative via 
succinamide linkage, the SH group of cysteine was used 
to conjugate the multi-arm thiol-PEG via disulfide bond, 
and the CO2H group of cysteine was used to conjugate 
the EGFR-targeting peptide ligand via an amide bond.

Paclitaxel 2 was reacted with succinic anhydride 
to give paclitaxel hemisuccinate 3 in 74% yield (Figure 2, 

Figure 11. 1H NMR of compound 1.

Figure 12. DLS of compound 1.
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retrosynthetic analysis) (18). Diphenyl chlorophosphate 
was treated with N-hydroxysuccinimide in the presence 
of triethyl amine at 0ºC to obtain N-hydroxysuccinimido 
diphenyl phosphate (SDPP) 4 (Figure 2) (19). Paclitaxel 
hemisuccinate 3 was reacted with SDPP 4 in the presence 
of Et3N to give paclitaxel hemisuccinate-NHS ester 5 in 
67% yield (Figure 2) (18). Paclitaxel hemisuccinate-NHS 
ester 5 was treated with cysteine in a phosphate buffer 
solution (pH  6.5) which underwent oxo-ester mediated 
native chemical ligation to give paclitaxel hemisuccinate-
cysteine amide 6 in 68% yield (Figure 3) (20,21). In the 
next step, the paclitaxel hemisuccinate-cysteine amide 6 
was treated with 2, 2′ dithiodipyridine/pyridine to give the 
disulfide derivative 7 in with 70% yield (Figure  3). The 
newly formed disulfide bond in compound 7 is highly 
reactive towards an incoming thiol group. In order to 
load the cysteine functionalized paclitaxel derivative 7 on 
the four-arm thiol PEG (HS-bPEG-4), compound 7 was 
reacted with HS-bPEG-4/pyridine and the product was 
purified by size-exclusion column chromatography to give 
the polymer-bound paclitaxel product 8 in 87% yield with 
about 8% wt paclitaxel loading (Figure 3). The progress 
of reaction and purity of the product was assessed by 
NMR. In the next step, compound 8 was conjugated with 
EGFR-targeting peptide 9 using PyBOP/DIPEA to give 
the nanosize conjugate of paclitaxel, branched PEG, and 
EGFR-targeting peptide 1 with about 12% wt peptide 
loading (Figure 3). Dynamic light scattering (DLS) study 
demonstrated that the hydrodynamic diameter of this 
nanosize conjugate is about 90nm (Figure 12).

To evaluate the ability of the newly synthesized 
paclitaxel-branched polymer conjugates to inhibit 
cell proliferation, we performed cell growth inhibition 
assays using the SCCHN cell line, Tu212, which 
overexpresses EGFR. Tu212 were seeded in 96 well 
plates (3000  cells/well). After 16h cells were treated 
with the following compounds at various concentrations: 
paclitaxel 2, paclitaxel-branched PEG 8, paclitaxel-
branched PEG-EGFR-targeting peptide 1, and incubated 
for 72h. Cell growth inhibition assay was performed 
using sulforhodamine B (SRB, Figure  4) (22). OD was 
measured at 492nm. An untreated group was considered 
as 100% cell growth and used as a control, and the 
treatment groups were compared to this control. Parallel 
control (without treatment) group for compounds 1, 
2, 8, and 9 showed no growth inhibition (Figure  4). At 
a concentration of 1.56nM, 30% growth inhibition was 
observed for compound 2, whereas no growth inhibition 
was observed for compounds 1, 8, and 9 (Figure 4). At 
a concentration of 3.12nM, 73% growth inhibition was 
observed for compound 2, whereas no growth inhibition 
was observed for compounds for 1, 8, and 9 (Figure 4). 
At a concentration of 6.25nM, 85% growth inhibition 
was observed for compound 2, 30% growth inhibition 
was observed for compound 8, and no growth inhibition 
was observed for compounds 1 and 9 (Figure  4). At a 
concentration of 12.5nM, about 88% cell growth inhibition 

was observed for compound 2 and 78% cell growth 
inhibition for compound 8, 13% cell growth inhibition 
for compound 1, and no growth inhibition was observed 
for compound 9 (Figure 4). At a concentration of 25nM, 
about 88% cell growth inhibition was observed for 
compound 2 and 87% cell growth inhibition was observed 
for compound 8, and 77% cell growth inhibition was 
observed for compound 1, and no growth inhibition was 
observed for compound 9 (Figure 4). At a concentration 
of 50nM, about 89% cell growth inhibition was observed 
for compound 2 and 92% cell growth inhibition was 
observed for compound 8, and 86% cell growth inhibition 
was observed for compound 1, and no growth inhibition 
was observed for compound 9 (Figure  4). Based on 
these data, the IC50 value of paclitaxel-branched PEG 
8  (8.05nM) was 5-fold higher than that of paclitaxel 
2  (1.47nM), whereas paclitaxel-branched PEG-EGFR-
targeting peptide 1 had a much higher IC50 value 
(21.74nM). This study shows that the paclitaxel-branched 
PEG 8 and paclitaxel-branched PEG-EGFR-targeting 
peptide 1 conjugates retained their cytotoxicity against 
squamous cell carcinoma of head and neck (SCCHN) 
which can be caused by sexually transmitted infections.

5. DISCUSSIONS

PEG is a biocompatible polymer frequently 
used in drug delivery and approved by the FDA (23-26). 
PEGylation of drugs is well known for its ability to 
solubilize highly insoluble small molecule drugs, increase 
the circulating half-life, alter the biodistribution of parent 
drugs, and protect the drug from RES uptake (27-32). 
In fact, studies from various research groups have 
demonstrated the dramatic enhancement of circulating 
half-life, solubility, and in vivo efficacy of native anticancer 
drugs achieved by employing a prodrug strategy in 
conjunction with nonimmunogenic high molecular 
weight PEG ether (33). Previously, paclitaxel linear PEG 
esters have been used and shown to function in vitro as 
prodrugs.

The epidermal growth factor receptor (EGFR) is 
overexpressed in SCCHN and in a wide variety of solid 
tumors including lung and colorectal cancer (34-38). 
The prognostic significance of EGFR overexpression 
has stimulated immense interest in this receptor as an 
anticancer drug target.

Previously, ester bonds have been used to 
conjugate anticancer drugs to the polymer or peptide 
and they are known to be cleaved by esterase enzyme, 
thus releasing the drug (39-42). In our case, paclitaxel 
is conjugated to the succinate linker via the ester bond. 
The amide bonds are known to undergo hydrolysis by 
peptidases and proteases.

There are several examples where disulfide 
bonds have been used to conjugate a chemotherapeutic 
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drug to an antibody (43). Disulfide bonds are stable 
at physiological pH. In cancer cells, the glutathione 
concentration is reported to be in the millimolar range, 
whereas the level of glutathione in circulation in the 
blood is very low (micromolar range) (43,44). The high 
concentration of glutathione can cause the scission of 
disulfide bonds and release of the drug inside the cancer 
cell. Hence, we have used four-arm thiol PEG to conjugate 
to the thiol of the cysteine linker via disulfide bonds.

In conclusion, we have described the synthesis 
of nanosize conjugates consisting of paclitaxel, branched 
PEG, and EGFR-targeting peptide, and evaluated their 
anticancer activity. Cell proliferation assay demonstrated 
that the conjugates have retained cytotoxicity against 
SCCHN cells. The IC50 values of paclitaxel-branched 
PEG 8 and paclitaxel-branched PEG-EGFR-targeting 
peptide 1 were increased compared to that of paclitaxel 
due to conjugation to the polymer. This phenomenon 
has also been observed by other researchers (18,45). 
However, under in vivo conditions, the circulation time and 
pharmacokinetics of drug-polymer conjugate and free drug 
can be different. The conjugates, paclitaxel-branched PEG 
8, and paclitaxel-branched PEG-EGFR-targeting peptide 
1, are water soluble and hence suitable for intravenous 
administration. Loading of paclitaxel can be increased by 
using the branched PEG containing more arms.

Moreover, this synthetic methodology can be used 
to conjugate other drugs such as docetaxel, other peptide 
ligands, non-peptidic ligands such as folic acid, and other 
antibody ligands (46). Compound 7 contains a carboxyl 
functionality as well as an activated thiol functionality. 
An antibody and a nanoparticle can be conjugated to 
compound 7 either through the thiol functionality or through 
the carboxyl functionality (46). We are currently synthesizing 
various paclitaxel-PEG-ligand conjugates using other 
peptide and small molecule ligands, and also an antibody 
ligand to synthesize an antibody drug conjugate (ADC). 
We will evaluate their cytotoxicity against various cancer 
cell lines and conduct biological studies. Taken together, 
current study shows that paclitaxel-polymer conjugates 
can be useful for the therapy of various cancers such as 
breast, ovarian, cervical, testicular, non-small cell lung, and 
head and neck cancers.
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