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a  b  s  t  r  a  c  t

The  use  of  targeted  drug  delivery  systems  is  a growing  trend  in  cancer  treatment  to  decrease  the  adverse
effect of  anti-cancer  drugs.  In  this  study,  we  sought  to  conjugate  methotrexate–human  serum  albu-
min  nanoparticles  (MTX–HSA  NPs)  with  luteinizing-hormone  releasing  hormone  (LHRH).  The  LHRH  was
intended  to target  LHRH  receptors  overexpressed  on  the  several  types  of  tumors.  The  expression  of  LHRH
receptors  on  the  4T1  breast  cancer  cells  was confirmed  by FITC  conjugated  LHRH  receptor  antibody  using
fluorescence  microscopy.  Female  Balb/c  mice  bearing  4T1  breast  cancer  tumor  were  treated  with  a  single
i.v. injection  of  free  MTX,  non-targeted  MTX–HSA  NPs  and  LHRH  targeted  MTX–HSA  NPs.  LHRH  targeted
MTX–HSA  nanoparticles  showed  stronger  anti-tumor  activity  in  vivo.  By 7  days  after  treatment,  average
uman serum albumin
HRH
n vivo tumor targeting

tumor  volume  in  the  LHRH  targeted  MTX–HSA  NPs  treated  group  decreased  to 8.67%  of  the  initial  tumor
volume  when  the  number  of attached  LHRH  molecules  on MTX–HSA  NPs  was  the  highest,  while  the
average  tumor  volume  in  non-targeted  MTX–HSA  NPs  treated  mice  grew  rapidly  and  reached  250.7%  of
the initial  tumor  volume  7  days  after  the  treatment.  LHRH  targeted  MTX–HSA  NPs  could  significantly
extend  the  survival  time  of tumor  bearing  mice  compared  with  the  non-targeted  MTX–HSA  NPs  and  free
MTX  formulations.
. Introduction

Chemotherapy is one of the strategies for the treatment of
ifferent types of cancers. However, the toxic side effects of the
ffective doses of chemotherapeutic agents could restrict the use
f these agents. In recent years researchers have focused on the
se of the targeted drug delivery systems to produce effective anti-
ancer therapies with fewer side effects (Dinarvand et al., 2011;
in et al., 2011). Active tumor targeting of drugs could be achieved
sing surface modification of nanosized drug delivery systems
ith targeting moieties. Targeting moieties could specifically direct

he delivery system to specific binding sites on the cancer cells
Esmaeili et al., 2008; Minko, 2004). Several types of component
uch as sugars (David et al., 2004; Krishnaiah et al., 2002), vita-

ins (Yang et al., 2009), folate (Zhao et al., 2010; Gupta et al., 2010)

nd antibodies (Lukyanov et al., 2004) have been used as target-
ng moieties in targeted drug delivery systems. Among peptides,
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ciences, Tehran 1417614411, Iran. Tel.: +98 21 66959095; fax: +98 21 66959096.
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luteinizing hormone releasing hormone (LHRH) could be used as
an effective targeting moiety in targeted drug delivery systems for
several types of cancers (Dharap et al., 2005; He et al., 2010). LHRH,
a decapeptide produced in the hypothalamus, plays an important
role in the hormonal control of the reproductive system. LHRH
receptors are overexpressed in several types of cancerous cells such
as breast, ovarian, and prostate cancer cells (Reubi, 2003; Schally
and Nagy, 2003; Leuschner and Hansel, 2005).

In our previous works the preparation of MTX–HAS conjugated
nanoparticles and their surface modification with LHRH as a target-
ing moiety to design a tumor targeted drug delivery system based
on human serum albumin (HSA) conjugation strategy have been
reported (Taheri et al., 2011a,b). The LHRH targeted drug deliv-
ery system consisted of (i) nanoparticles of human serum albumin
(HSA) as carrier; (ii) methotrexate (MTX) as anticancer drug; and
(iii) LHRH as a targeting moiety. The targeting effect of LHRH tar-
geted MTX–HSA NPs to tumor cells were confirmed successfully
in vitro (Taheri et al., 2011b).
The 4T1 breast cancer cells are derived from spontaneously
Balb/c mammary carcinoma (Tao et al., 2008). 4T1 is a trans-
plantable tumor cell line that its metastatic and invasive properties
are well documented (Heppner et al., 2000). The 4T1 breast cancer

dx.doi.org/10.1016/j.ijpharm.2012.04.033
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
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losely resembles metastatic breast cancer in human patients and
ould be used as a suitable model for evaluation of the efficacy
f anticancer drugs such as MTX  efficiently (Aslakson and Miller,
992).

In this study, we firstly confirmed the expression of LHRH
eceptors on 4T1 breast tumor cells by FITC labeled LHRH recep-
or antibody using fluorescence microscopy, thus 4T1breast tumor
ould be used as a model for evaluation of LHRH targeted drug deliv-
ry systems. Then in order to increase the anti-tumor efficacy of
TX, the feasibility of using LHRH as a targeting moiety to target
TX–HSA NPs to the 4T1 breast tumor cells in vivo was studied.

. Materials and methods

.1. Materials

LHRH, HSA, EDC, N-hydroxy succinimide were all purchased
rom Sigma (Steinheim, Germany). Methotrexate USP was  kindly
onated by Cipla Pharmaceutical Co, India. Total protein kit (Micro
owry) was from Sigma (Saint Louis, USA). FITC labeled LHRH recep-
or antibody was obtained from Biorbyt (Cambridge, UK). T47D, a
uman breast cancer cell line, SKOV3, a human ovarian cancer cell

ine and breast tumor 4T1 cell lines were obtained from Ameri-
an Type Culture Collection (Manassas, VA). RPMI-1640 modified
edium and penicillin/streptomycin solution was obtained from
ibco Invitrogen (Calsbad, CA). All other reagents were of analytical
rade. Deionized water was used throughout the experiment.

.2. Preparation of LHRH targeted MTX–HSA NPs

MTX  was conjugated to HSA by a carbodiimide reaction using
DC and NHS (Taheri et al., 2011a).  Then MTX–HSA conjugates were
ross-linked using EDC to form MTX–HSA NPs. MTX/HSA molar
atio in MTX–HSA NPs was determined (Taheri et al., 2011a). In
his study, we used MTX–HSA NPs with MTX/HSA molarity ratio
f 8 ± 0.18. For conjugation of LHRH molecules on the surface of
TX–HSA NPs, 2, 5 and 10 mg  of LHRH were added to MTX–HSA
Ps (MTX/HSA molar ratio: 8) (25 mg  in 1 mL  water) and mixed
50 �L of a freshly prepared EDC solution (10 mg  in 1 mL  of water)
as added to LHRH and MTX–HSA NPs mixture, and the solution
as maintained at 4 ◦C for 15 h. Unreacted EDC and LHRH were

emoved using Amicon® Ultra-4 Centrifugal Filter Devices with
utoff of 30 kDa (Millipore, USA). Total protein kit (Micro Lowry)
as used for the determination of the amount of LHRH coupled to
TX–HSA nanoparticles. The total amount of LHRH bound to the
TX–HSA nanoparticles was calculated as the difference between

he total amount of LHRH used for conjugation and the amount
f unreacted LHRH determined after the filtration step described
bove.

Particle size, zeta potential, stability, in vitro cytotoxicity and
ellular uptake of LHRH targeted MTX–HSA NPs were determined
n our previous works (Taheri et al., 2011a,b).

.3. Cell culture

Breast tumor 4T1 cell line, human breast cancer cells (T47D) and
vary cancer cells (SKOV3) from American Type Culture Collection
Manassas, VA), cultured in RPMI 1640 that supplemented with 10%
etal bovine serum and 1% penicillin–streptomycin.

.4. Evaluation of the expression of the LHRH receptor on 4T1
umor cells
The expression of the LHRH receptors has been studied on
T1breast cancer cells in vitro. Primary cultures of 4T1 breast can-
er cells, T47D breast cancer cells (LHRH receptor positive cell
harmaceutics 431 (2012) 183– 189

(Günthert et al., 2004)) and SKOV3 tumor cells (LHRH receptor neg-
ative cell (Taratula et al., 2009)) were prepared in 6-well plates
(Costar, IL, USA) at a density of 300,000 cells per well. FITC labeled
LHRH antibody (10 �g antibody/106 cells) was  directly added to
cells and incubated for 45 min  at 37 ◦C. After 45 min, the cells were
then thoroughly washed three times with PBS (pH 7.4) and evalu-
ated by fluorescence microscopy (Olympus IX 71, Japan).

2.5. Tumor inoculation

All animal experiments were done in accordance with protocols
approved by the ethical committee of the Pharmaceutical Research
Centre, Faculty of Pharmacy, Tehran University of Medical Sci-
ences, Iran. The female Balb/c mice with the weight of 17–20 g (6–8
weeks old, Pasteur Institute, Tehran, Iran) were provided and main-
tained on free access to food and water. Then female Balb/c mice
were injected subcutaneously with 4T1 breast cancer cell solution
(0.2 mL)  in the breast region with 105–106 cells. When the tumor
sizes of 95% of tumor bearing mice were greater than 170 ± 89 mm3,
the mice were divided into 11 groups. There were 22 mice in control
group (normal saline treated group) and there were 7 mice in each
other groups. 5–6 mice that had approximately same tumor size
were placed in one group. Tumor length and width were measured
using a digital caliper and calculated using the following formula:

0.4 (L · W2)

where L is the length and W is the width of the tumors (Vredenburg
et al., 2001).

Prior to treatment, all the mice were numbered and weighed,
moreover the initial tumor volumes were recorded. Test animals
received a single i.v. injection via the tail vein of LHRH targeted
MTX–HSA NPs, non-targeted MTX–HSA NPs and free MTX formu-
lation at MTX  dose of 6.25 and 12.5 mg/kg (around 0.2 mL). The
control animals received an injection of 0.2 mL  of normal saline.
The tumor volume and weight of each mouse were measured over
a period of 21 days. Eleven animal groups were used for the in vivo
study as below.

Group 1: saline treated group (22 mice); Group 2: MTX
(6.25 mg/kg) treated group (7 mice); Group 3: MTX  (12.5 mg/kg)
treated group (7 mice); Group 4: MTX–HSA NPs (equivalent
6.25 mg/kg free MTX) treated group (7 mice); Group 5: MTX–HSA
NPs (equivalent 12.5 mg/kg free MTX) treated group (7 mice);
Group 6: LHRH 5.8–MTX–HSA NPs (equivalent 6.25 mg/kg free
MTX) treated group (7 mice); Group 7: LHRH 5.8–MTX–HSA NPs
(equivalent 12.5 mg/kg free MTX) treated group (7 mice); Group
8: LHRH 17.3–MTX–HSA NPs (equivalent 6.25 mg/kg free MTX)
treated group (7 mice); Group 9: LHRH 17.3–MTX–HSA NPs (equiv-
alent 12.5 mg/kg free MTX) treated group (7 mice); Group 10: LHRH
29.1–MTX–HSA NPs (equivalent 6.25 mg/kg free MTX) treated
group (7 mice); Group 11: LHRH 29.1–MTX–HSA NPs (equivalent
12.5 mg/kg free MTX) treated group (7 mice).

2.6. Determination of median survival time and percentage
increase in life span

The mortality was  monitored by recording the median survival
time (MST) and percentage increase in life span (ILS%), determined
by the following formulae.

Day of 1st death + Day of last death

MST  =

2

%ILS = [(MST of treated group/MST of control group) − 1] × 100
(Geran et al., 1972).
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.7. Evaluation of body weight loss

The anti-tumor efficacy of LHRH targeted MTX–HSA NPs could
e evaluated by inhibitory effects of these targeted nanoparticles
n the weight loss of tumor bearing mice (Tseng et al., 2009). Con-
equently the body weights of 4T1 tumor bearing mice treated
ith free MTX, non-targeted MTX–HSA NPs and LHRH targeted
TX–HSA NPs were recorded simultaneously every 3 days during

he study.

.8. Statistical analysis

Data were analyzed by one-way analysis of variance (ANOVA).
 < 0.05 was considered statistically significant.

. Results

.1. Preparation of LHRH targeted MTX–HSA nanoparticles

LHRH targeted MTX–HSA NPs were prepared using three
ifferent LHRH/HSA molar ratios namely 5.8 ± 0.12 (as LHRH
.8–MTX–HSA NPs), 17.3 ± 0.23 (as LHRH 17.3–MTX–HSA NPs)
nd 29.1 ± 0.2 (as LHRH 29.1–MTX–HSA NPs). The results of the
haracteristics of LHRH targeted MTX–HSA NPs are presented in
able 1. The in vitro cytotoxicity and cellular uptake of LHRH tar-
eted MTX–HSA NPs were evaluated on LHRH receptor positive
47D cells and LHRH receptor negative SKOV3 cells in our pre-
ious study (Taheri et al., 2011b). Briefly, the cytotoxicity of the
HRH targeted MTX–HSA NPs on the LHRH receptor positive T47D
umor cells were significantly higher than non-targeted MTX–HSA
Ps. LHRH targeted nanoparticles were also internalized by LHRH

eceptor positive T47D cells significantly more than non-targeted
anoparticles. There were no significant differences between the
ptake of LHRH targeted and non-targeted MTX–HSA NPs in the
HRH receptor negative SKOV3 cells. The active targeting procedure
sing LHRH targeted MTX–HSA NPs could increase the anti-tumoral
fficacy of MTX. In addition the cytotoxicity and cellular uptake of
HRH targeted MTX–HSA NPs on the LHRH receptor positive T47D
ells was increased proportionate to the number of attached LHRH
olecules on the surface of MTX–HSA NPs.

.2. Evaluation of the expression of the LHRH receptor on 4T1
umor cells

The binding of FITC-labeled LHRH receptor antibodies on the
urface of LHRH receptor positive cells could exhibit membrane
uorescence. As shown in Fig. 1a, T47D LHRH receptor positive
ells exhibited membrane fluorescence after 45 min  of incubation
ith FITC-labeled LHRH receptor antibody at 37 ◦C. But, SKOV3

HRH receptor negative cells did not show any fluorescence when
ncubated with FITC-labeled LHRH receptor antibodies (Fig. 1b).
imilar to T47D LHRH receptor positive, 4T1 tumor cells exhib-
ted membrane fluorescence after incubation with FITC-labeled

HRH receptor antibody at 37 ◦C (Fig. 1c). Thus the membrane
uorescence exhibition of 4T1 tumor cells after incubation with
ITC-labeled LHRH receptor antibody could confirm the expression
f LHRH receptors on the surface of 4T1 tumor cells.

able 1
hysicochemical characteristics of MTX–HSA NPs (MTX/HSA molar ratio: 8) and LHRH tar

Non targeted MTX–HSA NPs LHRH 5.8–MTX–

Particle size (nm) 111.7 ± 4.6 120.5 ± 2.7 

Poly  dispersity 0.10 ± 0.01 0.12 ± 0.09 

Zeta  potential (mV) −12.10 ± 0.50 −10.45 ± 1.23 

LHRH/HSA molar ratio – 5.80 ± 0.12 
Fig. 1. Fluorescence microscopy images of (a) T47D, (b) SKOV3 and (c) 4T1 tumor
cells after incubation with FITC labeled LHRH receptor antibody for 45 min at 37 ◦C.

3.3. In vivo anticancer efficacy of LHRH targeted nanoparticles

Fig. 2 shows the growth of 4T1 breast tumors as a function
of times after treatment with two different dose of free MTX
(6.25 and 12.5 mg/kg), non-targeted MTX–HSA NPs (equivalent

to 6.25 and 12.5 mg/kg free MTX) and LHRH 17.3–MTX–HSA NPs
(equivalent to 6.25 and 12.5 mg/kg free MTX). At the doses used
(equivalent to 6.25 and 12 mg/kg free MTX), free MTX  did not have

geted MTX–HSA NPs (mean ± SD; n = 3).

HSA NPs LHRH 17.3–MTX–HSA NPs LHRH 29.1–MTX–HSA NPs

128.45 ± 4.40 138.56 ± 3.20
0.20 ± 0.04 0.14 ± 0.05

−10.10 ± 1.10 −10.04 ± 0.65
17.30 ± 0.23 29.10 ± 0.20
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MTX–HSA NPs and group that treated with non-targeted MTX–HSA
NPs especially between day 9 and day 21 of treatment. The body
weight loss lower than 8% of initial body weight is almost tolerable
(Tseng et al., 2009). The body weight loss of tumor bearing mice

Table 2
The median survival time (MST) and increase in the life span (ILS%) of control, non-
targeted and LHRH targeted MTX–HSA NPsa treated 4T1 tumor bearing mice.

Group Median survival time (day) Life span increase (%)

Saline 15.05 ± 0.79 –
MTX  17.51 ± 0.96 16.66
MTX–HSA NPs 25.45 ± 0.23 66.66
ig. 2. Antitumor effect of free MTX, MTX–HSA NPs and LHRH 17.3–MTX–HSA NPs 

ere  injected i.v. in a single dose (day 0). The doses were equivalent to 6.25 and 12
aken  as 100%).

ignificant inhibitory effect on tumor growth compared to control
roup (saline treated group). The inhibitory tumor growth effect
f non-targeted MTX–HSA NPs was only 1.54 to 1.98-fold more
han free MTX  at similar concentration. As seen clearly in Fig. 2,
HRH 17.3–MTX–HSA NPs treated groups (equivalent 6.25 and
2.5 mg/kg free MTX) exhibited stronger anti-tumor effect to the
ame dose of MTX–HSA NPs treated group. The tumor volume of the
ice received LHRH 17.3–MTX–HSA NPs (equivalent to 12.5 mg/kg

ree MTX) was 6.15 ± 0.98 more suppressed than tumor volume in
he non-targeted MTX–HSA NPs (equivalent 12.5 mg/kg free MTX)
reated group on day 14 after treatment. The lower dose of LHRH
7.3–MTX–HSA NPs (equivalent 6.25 mg/kg free MTX) was also
ffective in inhibiting tumor growth. 14 days after treatment, the
umor volume of the mice treated with LHRH 17.3–MTX–HSA NPs
equivalent 6.25 mg/kg free MTX) was 5.23 ± 0.45 and 4.38 ± 0.56-
old lower than those treated with non-targeted MTX–HSA NPs
equivalent to 6.25 mg/kg free MTX) and those treated with non-
argeted MTX–HSA NPs (equivalent to 12.5 mg/kg free MTX). As
hown in Fig. 2, the significant anti-tumor effect in mice treated
ith LHRH targeted MTX–HSA NPs was observed from day 4 up to
ay 21 of treatment (p < 0.05).

Moreover, the results of in vivo anti-tumor effect of LHRH
argeted MTX–HSA NPs showed that increasing the amount of
ttached LHRH molecules on the surface of MTX–HSA NPs could
ncrease the anti-tumor effect of LHRH targeted MTX–HSA NPs.
s shown in Fig. 3, at day 21, the mean tumor volume in the
HRH 29.1–MTX–HSA NPs, LHRH 17.3–MTX–HSA NPs and LHRH
.8–MTX–HSA NPs treated groups was 7.31 ± 2.93, 3.84 ± 3.03 and
.14± 1.08-fold respectively lower than that of the non-targeted
TX–HSA NPs treated group (equivalent to 12.5 mg/kg free MTX).
As can be seen in Fig. 3, the LHRH targeting could decrease the

ize of tumors in LHRH targeted MTX–HSA NPs treated groups.
y day 7, the average tumor volume in LHRH 29.1–MTX–HSA
Ps, LHRH 17.3–MTX–HSA NPs and LHRH 5.8–MTX–HSA NPs

reated groups (equivalent to 12.5 mg/kg MTX) were respectively
.57 ± 4.45%, 27.26 ± 10.36% and 45.66 ± 16.77% of the initial tumor
olume, whereas the average tumor volume in non-targeted
TX–HSA NPs treated mice (equivalent to 12.5 mg/kg free MTX)

rew rapidly and reached 250.78 ± 29.01% of the initial tumor vol-
me.

.4. LHRH targeted nanoparticles prolonged survival of

umor-bearing mice

All mice were also followed to determine the length of survival.
he survival rate of 4T1 tumor bearing mice is shown in Fig. 4. Both
 tumor bearing mice. 4T1 tumor cells were implanted s.c. in Balb/c mice. The drugs
/kg of free MTX. Data are presented as mean ± SD of relative tumor volumes (day 0

control group (saline) and free MTX  treated group (12.5 mg/kg)
exhibited rapid death. MST  in control group and free MTX  treated
group (12.5 mg/kg) were 15.05 ± 0.79 and 17.5 ± 0.96 days respec-
tively. The MST  of mice treated with non-targeted MTX–HSA NPs
(equivalent to 12.5 mg/kg free MTX) was  25.45 ± 0.23 days. Mice
administered LHRH targeted MTX–HSA NPs showed significantly
better survival rate compared to non-targeted MTX–HSA NPs,
indicating the effectiveness of the LHRH targeted MTX–HSA NPs.
The MST  of LHRH 29.1–MTX–HSA NPs, LHRH 17.3–MTX–HSA NPs
and LHRH 5.8–MTX–HSA NPs treated groups were 47.5 ± 0.43,
40.12 ± 0.12 and 32.5 ± 0.15 respectively. The ILS of 4T1 tumor
bearing mice that treated with free MTX  and non-targeted
MTX–HSA NPs was  found to be 16.66% and 66.66% respectively.
Whereas ILS of mice that treated with LHRH 5.8–MTX–HSA NPs,
LHRH 17.3–MTX–HSA NPs and LHRH 29.1–MTX–HSA NPs were
116.66%, 166.66% and 216.66% respectively. The MST  and ILS of
control and treated 4t1 tumor bearing mice are summarized in
Table 2.

3.5. Evaluation of body weight loss of 4T1 tumor bearing mice

The animal weight of mice was  recorded every 3 days. The
results showed that there were no significant difference among
the weight change of groups that treated with free MTX  and non-
targeted MTX–HSA NPs compared to the group that got only saline.
Moreover, there were no significant difference among the weight
change of the groups that treated with LHRH 5.8–MTX–HSA NPs,
LHRH 17.3–MTX–HSA NPs and LHRH 29.1–MTX–HSA NPs (Fig. 5).
But Fig. 5 shows that, there are significant differences between
the weight changes of the groups treated with LHRH targeted
LHRH 5.8–MTX–HSA NPs 35.2 ± 0.15 116.66
LHRH 17.3–MTX–HSA NPs 40.12 ± 0.12 166.66
LHRH 29.1–MTX–HSA NPs 47.5 ± 0.43 216.66

a The dose was  equivalent to 12.5 mg/kg of free MTX.
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Fig. 3. Antitumor effect of MTX–HSA NPs, LHRH 5.8–MTX–HSA NPs, LHRH 17.3–MTX–HSA NPs and LHRH 29.1–MTX–HSA NPs on 4T1 tumor bearing mice. 4T1 tumor cells
were  implanted s.c. in Balb/c mice. The drugs were injected i.v. in a single dose (day 0). The doses were equivalent to 12.5 mg/kg of free MTX. Data are presented as mean ± SD
of  relative tumor volumes (day 0 taken as 100%).

Fig. 4. Animal survival study. The 4T1 tumor bearing mice were treated with free MTX, MTX–HSA NPs, LHRH 5.8–MTX–HSA NPs, LHRH 17.3–MTX–HSA NPs and LHRH
29.1–MTX–HSA NPs. The drugs were injected i.v. in a single dose (day 0). The doses were equivalent to 12.5 mg/kg of free MTX. The curve reports the number of 4T1 tumor
bearing  mice still alive on different days.

Fig. 5. Alteration of body weight of 4T1 tumor bearing mice treated with free MTX, MTX–HSA NPs, LHRH 5.8–MTX–HSA NPs, LHRH 17.3–MTX–HSA NPs and LHRH
29.1–MTX–HSA NPs. The drugs were injected i.v. in a single dose (day 0). The doses were equivalent to 12.5 mg/kg of free MTX.
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hat treated with LHRH targeted MTX–HSA NPs were lower than
% of initial body weight after 21 days. However, mice that treated
ith free MTX  and non-targeted MTX–HSA NPs lost 20.9 ± 4.5% and

7.3 ± 5.78% of their body weight after 12 days.

. Discussion

Conjugation of cytotoxic drugs to HSA NPs could improve their
ntitumor efficacy and decrease their toxic side effects (Kratz,
008). The free amino and carboxylic acid groups of HSA could be
sed for covalent coupling of cytotoxic drugs and targeting moi-
ties (Zhang et al., 2004; Kreuter et al., 2007; Steinhauser et al.,
006; Esmaeili et al., 2009). Therefore HSA nanoparticles have been
roposed as a suitable drug carrier system for targeted drug deliv-
ry to specific tumor sites (Kratz, 2008; Zhang et al., 2004). Several
revious studies have demonstrated the expression of LHRH recep-
ors in different cancer cells (Reubi, 2003; Schally and Nagy, 2003)
nd the use of LHRH functionalized nanoparticles for tumor target-
ng (Taratula et al., 2009; Minko et al., 2010). We  therefore used
HRH as a model tumor targeting ligand in our study. LHRH was
onjugated on the surface of MTX–HSA NPs using a carbodiimide
eaction that we reported previously (Taheri et al., 2011b).

LHRH functionalizing of nanoparticles could significantly
nhance the uptake of these nanoparticles in tumor cells. In our
revious study, we used flow cytometry analysis and fluorescence
icroscopy for evaluation of the cellular uptake of LHRH targeted
TX–HSA NPs in tumor cells. The results showed that the uptake of

HRH targeted MTX–HSA NPs increased in the LHRH receptor pos-
tive T47D tumor cells compared to non-targeted MTX–HSA NPs.

oreover the uptake of LHRH targeted MTX–HSA nanoparticles did
ot increase in the LHRH receptor negative SKOV3 tumor cells, indi-
ating the involvement of LHRH receptors in the cellular uptake of
HRH targeted MTX–HSA NPs. Based on the promising in vitro cyto-
oxicity and cellular uptake results, we investigated the anti-tumor
fficacy of LHRH targeted MTX–HSA NPs in an in vivo model of 4T1
reast tumor. In this study, we firstly confirmed the expression of
HRH receptors on the 4T1 tumor cells by FITC labeled LHRH recep-
or antibody using fluorescence microscopy. T47D (LHRH receptor
ositive cells) and SKOV3 (LHRH receptor negative cells) cells were
sed as control positive and negative cells respectively. Fluores-
ence microscopy analysis of T47D, SKOV3 and 4T1 labeled cells
ith FITC labeled LHRH receptor antibody detected expression of

HRH receptors on the surface of 4T1 tumor cells similar to T47D
LHRH receptor positive cells). Breast tumor was inoculated in the
emale Balb/c mice by injection of 4T1 breast tumor cell solution in
he breast region subcutaneously. In vivo tumor growth inhibition
einforced the results of the in vitro cytotoxicity studies. Free MTX
y itself did not effectively inhibit the tumor growth in vivo. Non-
argeted MTX–HSA NPs improved the anti-tumor effect of MTX
n 4T1 breast tumors compared to free MTX. Similarly to in vitro
tudy results, LHRH targeted MTX–HSA NPs showed the greatest
umor growth inhibition. This is probably due to the active tar-
eting of LHRH targeted MTX–HSA NPs to the 4T1 breast tumors
sing LHRH molecules. The in vivo data showed that an i.v. injec-
ion of LHRH targeted MTX–HSA NPs even at a low dose of MTX
6.25 mg/kg) was effective at arresting the growth of 4T1 tumors
n the tumor bearing mice. Not only was the mean tumor size

aintained constant, but the tumor sizes in tumor bearing mice
reated with LHRH 29.1–MTX–HSA NPs to less than 10% of their ini-
ial sizes 7 days after treatment. Tumor volumes at day 21 in mice
reated with LHRH 29.1–MTX–HSA NPs, LHRH 17.3–MTX–HSA NPs

nd LHRH 5.8–MTX–HSA NPs was, respectively, 1143.15% ± 66.9%,
79.56% ± 53%, and 903.44% ± 28% less than that of those treated
ith non-targeted MTX–HSA NPs. Similar to in vitro results, LHRH

argeted MTX–HSA NPs with more attached LHRH molecules on
harmaceutics 431 (2012) 183– 189

their surfaces showed stronger in vivo antitumor effects than LHRH
targeted MTX–HSA NPs with less LHRH molecules. The average
survival time of LHRH targeted MTX–HSA NPs treated groups was
significantly extended compared with the non-targeted MTX–HSA
NPs and free MTX  treated groups. This may  be attributed to the
stronger anti-tumor activity of LHRH targeted MTX–HSA NPs com-
pared to non-targeted MTX–HSA NPs and free MTX  in vivo. The
symptoms of body weight loss were observed in free MTX  and
non-MTX–HSA treated groups, but not in LHRH targeted MTX–HSA
NPs treated groups, which might indicate that LHRH targeting
could decrease the systematic toxicity (for example, disturbing food
uptake) of MTX  in LHRH targeted MTX–HSA NPs treated groups
compared to free MTX  and non-MTX–HSA treated groups. Conse-
quently, LHRH targeting moieties could target MTX to the tumor
site effectively and increase its antitumor effect sufficiently in
tumor bearing mice.

5. Conclusion

The present study demonstrates that the LHRH targeted
MTX–HSA NPs is effective for tumor treatment in a well-established
animal model. Significant tumor growth delay were observed in
4T1 tumor bearing mice treated with LHRH targeted MTX–HSA NPs
compared to non-targeted MTX–HSA NPs treated group, probably
caused by active targeting of MTX–HSA NPs to the tumor site using
LHRH molecules .The body weight loss of LHRH targeted nanopar-
ticles treated groups was very low. The findings suggest that LHRH
targeted MTX–HSA NPs may  be useful for treatment of LHRH recep-
tor positive cancer with an improved therapeutic index of MTX.
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