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ORIGINAL ARTICLE

Magnetic polycarbonate microspheres for tumor-targeted delivery of
tumor necrosis factor

Bin Hu1, Hui-Juan Du1, Guo-Ping Yan1, Ren-Xi Zhuo2, Yuan Wu3, and Chang-Lie Fan2

1School of Material Science and Engineering, Wuhan Institute of Technology, Wuhan, People’s Republic of China, 2Department of Chemistry, Wuhan

University, Wuhan, People’s Republic of China, and 3Department of Gastroenterology, Tongji Medical College, Huazhong University of Science and

Technology, Wuhan, People’s Republic of China

Abstract

Objective: The specific expression of transferrin receptor can represent a diagnostic tool or
therapeutic target in solid tumors expressing this antigen. Herein, the human transferrin
receptor monoclonal antibody (T9) was investigated as a tumor-targeting group for active
targeted-drug delivery systems.
Materials and methods: A tumor-targeted conjugate T9-TNF was synthesized by the attachment
of both human transferrin receptor monoclonal antibody (T9) as a tumor-targeting group and
human tumor necrosis factor-a (TNF) as an anti-cancer drug to two terminated hydroxyl groups
of poly(ethylene glycol). Subsequently, a solvent evaporation technique was adopted to
produce anti-cancer magnetic polymer microspheres T9-TNF-PC-M containing T9-TNF and
Fe3O4 magnetic ultrafine powders (M) using poly(trimethylene carbonate-co-5,5-dimethyl
trimethylene carbonate) (PC, P(TMC-co-DTC)) as a polymeric carrier.
Results and discussion: These magnetic polycarbonate microspheres possessed a steady TNF
release rate in phosphate buffer saline solution, strong magnetic responsiveness and high T9-
TNF loading capacity. In vitro cytotoxicity assays demonstrated the microspheres T9-TNF-PC-M
and conjugate T9-TNF were strongly inhibitory to the human hepatic carcinoma (Bel-7204) cells.
In vivo site-specific therapy in nude mice with human hepatic carcinoma indicated that the
microspheres T9-TNF-PC-M and conjugate T9-TNF possessed markedly higher anti-tumor
activity against Bel-7204 in mice than that of TNF.
Conclusions: These results indicated that the magnetic polycarbonate microspheres were
suitable as the potential-targeted treatment for hepatic carcinoma therapeutics.
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Introduction

In recent years, passive and active targeted-drug delivery

systems have attracted extensive attention because of their

potential to achieve selectively targeted delivery anti-cancer

drugs directly at the site of interest and then avoid non-

specific distribution (Park et al., 2009; Pinhassi et al., 2010;

Stukel et al., 2010; Yan et al., 2010b). Polymeric micro-

spheres with the targeting molecules that have a high affinity

to tumor cells can increase the local concentration of the anti-

cancer drugs in tumor tissue and show the tremendous

promise in these ideal targeted-drug delivery systems for the

treatment of cancers in the body (Yan et al., 2001; Chawla &

Amiji, 2002; Johnson et al., 2002; Li et al., 2004; Yan et al.,

2004; Ganta et al., 2008; Kim et al., 2008; Yan et al., 2008;

Chen et al., 2009).

These tumor-targeting molecules, including monoclonal

antibodies, proteins, vitamin and peptides, have been

investigated to increase the site-specific accumulation of

anti-cancer drugs and magnetic resonance imaging contrast

agents in tumor cells (Yan & Zhuo, 2001; Yan et al., 2002;

Yan et al., 2003; Yan et al., 2005; Daniels et al., 2006a; Yan

et al., 2007a,b; Yan et al., 2010a; Yan et al., 2011). The

transferrin receptor is a membrane-bound protein expressed in

the larger amounts in proliferating, e.g. malignant cells, than

in quiescent cells. The specific expression of transferrin

receptor can represent a diagnostic tool or a therapeutic target

in solid tumors expressing this antigen. Therefore, the human

transferrin receptor monoclonal antibody (T9) has been

investigated as a tumor-targeting group for active targeted-

drug delivery systems (Newman et al., 1982; Qian et al.,

2002; Hafeli, 2004; Daniels et al., 2006b).

Some magnetic materials, such as magnetite and Fe3O4

magnetic ultrafine powders, have also been incorporated into

synthetic polymers such as poly(lactic acid), poly(vinyl

alcohol) (PVA) and polyalkylcyanoacrylate to produce mag-

netic microparticles which may act as the targeted-drug

delivery systems for specific cancer therapies. Moreover, this

delivery can also be more active through the use of a magnet

field applied outside the organ which is used to drive the
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accumulation of drug carrying magnetic microspheres into

localized tumors (Asher et al., 1991; Lubbe et al., 1996;

Hu et al., 2008a).

Over the past decades, aliphatic polycarbonates, such as

poly(trimethylene carbonate) (PTMC) and poly(5,5-dimethyl

trimethylene carbonate) (PDTC), have been widely used as

the biodegradable materials in drug delivery, surgical sutures,

tissue engineering and gene delivery due to their good

biodegradability, high biocompatibility, low toxicity, low

immunogenity, superior mechanical properties and weak

inflammatory effect raising from the degraded products (Liu

et al., 2003; Feng & Zhang, 2005; Dobrzynski & Kasperczyk,

2006; Kaihara et al., 2009; Lu et al., 2009; Norowski &

Bumgardner, 2009; Seow & Yang, 2009; Tokiwa et al., 2009).

Some copolymers of PTMC with various functional groups

have been synthesized and evaluated for applications in the

biomedical field because they have low glass transition

temperatures and retain an amorphous state under physio-

logical conditions, which are crucial requirements for

drug delivery carriers (Hu et al. 2008b,c; Mei et al., 2008;

Wang et al., 2009).

The human tumor necrosis factor-a (TNF) is a chemother-

apeutic agent by virtue of its anti-tumor antibiotic activity.

However, the broader application and efficacy of TNF has

been hampered by high dose used, nearly close to lethal

concentrations, the insufficient selectivity and elimination

easily by the immune systems. Therefore, the tumor-targeting

TNF-attached drugs can straightly be targeted to tumor cells,

improve the efficiency toward malignant cells and reduce the

drug dose of TNF (Jain, 1990; Blankenstein et al., 1991; Hino

et al., 1996; Segura & Shea, 2001; Gaur & Aggarwal, 2003;

Wajant et al., 2003; Tewis et al., 2004). In this work, TNF was

chosen as an anti-tumor drug model and the tumor-targeted

conjugate T9-TNF was synthesized by the attachments of both

TNF and human transferrin receptor monoclonal antibody

(T9) as a tumor-targeting group to two terminated hydroxyl

groups of poly(ethylene glycol) (PEG, Mn: 2000).

Subsequently, a biodegradable aliphatic carbonate copolymer

PC, P(TMC-co-DTC) was synthesized (Scheme 1) and further

used to prepare the tumor-targeted microspheres T9-TNF-PC-

M containing the conjugate T9-TNF and Fe3O4 magnetic

ultrafine powders (M) by a modified water-in-oil-in-water

solvent evaporation technique. In vitro drug release study,

in vitro cytotoxicity assay to hepatocellular carcinoma cells

and in vivo magnetic-targeting therapy to hepatic carcinoma

in nude mice was evaluated herein.

Methods and materials

Instruments and reagents

The compounds were characterized using a Nicolet IS10

Fourier transform-infrared spectrophotometer, a UV–Vis

spectrophotometer (UV-2800 series), a Varian Mercury-

VX300 NMR spectrometer and an automatic contact angle

meter (SL200A/B/D Series). Molecular weight determination

was undertaken using a gel permeation chromatography

(GPC) (Waters 2965D separations module, Waters 2414

Refractive Index Detector, Shodex K802.5 & K805 with

Shodex K-G Guard Column, Polystyrene Standard, DMF

solvent, 1.0 mLmin�1 flow rate, 323 K column temperature
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Scheme 1. Synthetic routes of polycarbonate copolymer and conjugate T9-TNF.
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and 318 K detector temperature). The glass transition tem-

perature (Tg) of the copolymer was determined using a

differential scanning calorimeter (DSC) (NETZSCH DSC 200

F3). The morphology of microspheres was studied using a

scanning electron microscope (SEM, Hitachi-X650) and

specimens were coated with gold in SEM coating

equipment. The recombinant human TNF (5� 105 units/mL,

6� 106m/mg activity), human transferrin receptor monoclo-

nal antibody (T9, 1 mg/mL) and human serum albumin were

provided by the Chinese Academy of Preventive Medicine.

The male BALB/C nude mice (5–7 weeks old, weight:

20.40� 1.60 g) were provided by the Department of

Pharmacy (Tongji Medical College, Huazhong University of

Science and Technology, China) and were raised according to

the procedure described in the literature (Shi, 1990). The

human hepatic carcinoma cell line (Bel-7204) was provided

by the China Center for Type Culture Collection of Wuhan

University, China. The optical densities (OD570) were

measured with a DG-3022A ELISA-Reader. The ethical

approval was obtained for in vivo experiments in rabbits from

the Department of Science and Technology of Hubei

Province, China and the Animal Center of Tongji Medical

College, Huazhong University of Science and Technology,

China.

All chemicals and solvents were of analytical grade. Tin

(II) 2-ethylhexanoate (Sn(Oct)2) and Fe3O4 magnetic ultrafine

powders (average diameter 19.1 nm, surface area � 97 m2/g,

material coercive force 250Q) were purchased. The growth

medium employed was the usual RPMI-1640 media (10%

fetal bovine serum, 100 units/mL Penicillium, 100 mg/mL

streptomycin). The solution of phosgene in toluene (3.4 M)

was prepared according to the method described in the

literature (Huang & Chen, 1985). DTC, TMC and aliphatic

carbonate copolymer PC, P(TMC-co-DTC) were prepared

according to the method described in the literatures (Zurita

et al., 2006; Mei et al., 2008; Lu et al., 2009). P(TMC-co-

DTC): 1H NMR (CDCl3, �, ppm): 4.25 (s, CH2OC¼O), 3.95

(t, CH2O), 2.04 (m, C–CH2-C),1.0 (s, CH3); 13C NMR

(CDCl3, �, ppm): 154.91, 155.28 (C¼O), 72.44 (C–CH2–

OCO), 64.30 (CH2–CH2–OCO), 35.12 (C–C–C), 28.05 (C–

CH2–C), 21.36 (–CH3); IR (KBr, cm�1): 2982, 2877 (C–H),

1740 (C¼O), 1465–1404 (CH3) 1261 (C–O–C¼O), 1111 (C–

O); Mn 7.615� 104, Mw/Mn 3.10, repeat structure unit TMC/

DTC in copolymer (mol/mol) was 42.9/57.1, glass transition

temperature (Tg) was 42.5 �C; melting temperature (Tm) was

141 �C; water contact angle was 77�; water absorption ratio

was 0.67%.

Synthesis of the conjugate of TNF and T9 (TNF-T9)

PEG (Mn: 2000, 30 g, 15 mmol) was dissolved in 150 mL

of anhydrous toluene and kept boiling for 2 h to separate

water from toluene under an argon atmosphere. The solvent

was further evaporated to remove and the residue was

dissolved in 100 mL of a solvent of anhydrous toluene and

chloroform (100 mL, v/v: 3:1). The phosgene solution in

toluene (18 mL) was added slowly with rapidly stirring at

�5 �C to 0 �C. The reaction mixture was stirred for 2 h at

this temperature and 24 h at room temperature under an

argon atmosphere.

The solvent was evaporated to remove again and the

resultant solid was dried under vacuum for 5 h, and then

dissolved in 100 mL of a solvent of anhydrous toluene and

dichloromethane (100 mL, v/v: 2:1). N-hydroxysuccinimide

(SuOH, 5.25 g, 15 mmol) was added and triethylamine

(4.2 mL, 30 mmol) was added slowly to the reaction solution

with rapidly stirring at room temperature. The reaction

mixture was continued stirring for 3 h and filtered. The

filtrate was evaporated to remove the solvents and the

resultant solid was recrystallized using iso-propanol twice

and dried under vacuum for 48 h to yield a white powder of

SuO-PEG-OSu (27.8 g, 83%, m.p.: 48–50 �C).

The recombinant human TNF (600 mL) and 0.1 M phos-

phate buffer saline solution (PBS, 1 mL, 0.1 mol/L, pH 7.4)

were slowly added to the solution of SuO-PEG-OSu in PBS

(200 mL, 50 mg/mL). The reaction mixture was stirred for 4 h

at 4 �C. After dialysis for 12 h at 4 �C, the dialyzed solution

was added the human transferrin receptor monoclonal anti-

body (T9, 1 mL) and 1 mL of PBS. The reaction mixture was

stirred for 4 h at 4 �C and then dialyzed for 6 h at 4 �C. The

dialyzed solution was separated by the Sephadex G-100 gel

column (2� 60 cm, velocity of flow: 0.4 mL/min, UV-

detected wavelength: 280 nm) and the solution of the first

UV absorption peak (70 mL) was collected and concentrated

using PEG to the product T9-TNF (1.5 mL). The product

solution was sterilized by filtration using the 0.22 mm syringe

colander and kept at �20 �C.

Preparation of microspheres

The P(TMC-co-DTC) copolymer (PC, 1.0 g) was dissolved

in a 0.1% solution of Span-80 in dichloromethane (15 mL)

and 0.5 mL T9-TNF, 50 mL human serum albumin solution

(1 mg/mL) and 300 mg of Fe3O4 magnetic ultrafine pow-

ders were added. The solution was homogenized by

sonication for 1 min (50 W) whilst cooled in an ice-salt

bath and then poured into a 2% solution of PVA in distilled

water (60 mL). The mixture was vortexed for 3 min, stirred

rapidly for a further 30 min, and then 130 mL of water was

added drop-wise under vigorous stirring at room tempera-

ture. Subsequently, rapid stirring of the mixture, open to

the air, at 30 �C was continued for a further 3 h in order to

remove dichloromethane by evaporation. After centrifuga-

tion (105 rpm), the precipitate was collected, washed with

distilled water and lyophilized to afford a gray power of the

microspheres containing T9-TNF and Fe3O4 magnetic

ultrafine powder (T9-TNF-PC-M). The empty P(TMC-co-

DTC) magnetic microspheres (PC-M) without T9-TNF and

non-magnetic microspheres (T9-TNF-PC) containing T9-

TNF were prepared by the same method described above.

These microspheres were treated through the cobalt-60

radiation sterilization.

In vitro drug release study

The TNF-PC-M microspheres (5 mg) were suspended in 4 mL

of the PBS (0.1 mol/L, pH 7.4). The mixture was slowly

shaken in a thermostatically controlled water bath at 37 �C.

After centrifugation (4000 rpm, 5 min), 15 mL of the solution

was taken and the concentration of TNF per 5 h was measured

by the TNF ELISA KIT.
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In vitro cytotoxicity assay

The human hepatic carcinoma cells (Bel-7204, 1� 105/mL)

were seeded in 96-well plates in RPMI growth medium at a

density of 2� 104 cells/well. The cells were incubated for 24 h

in an incubator (37 �C, 5% CO2) and 100 mL of the growth

medium containing 0.9% NaCl (Blank test), TNF, T9-TNF,

polycarbonate microspheres containing T9-TNF and Fe3O4

magnetic ultrafine powder (T9-TNF-PC-M), non-magnetic

polycarbonate microspheres (T9-TNF-PC) containing T9-TNF,

or empty polycarbonate magnetic microspheres without T9-

TNF (PC-M), respectively, were added. After 48 h incubation,

the cells were washed with the growth medium. Twenty

microliters of 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl

tetrazolium bromide solution (5.0 mg/mL) were added and

the cells were further incubated for 4 h. The cells were then

washed again, this time with 3% fetal calf serum and PBS

(3%FCS-PBS) and 100 mL of dimethyl sulfate were added.

Subsequently, the cells were shaken for 30 min at room

temperature. The optical densities (OD570) were measured at

570 nm and expressed as a percentage relative to control cells.

In vivo inhibition of growth of hepatic carcinoma

An electromagnet with a magnetic flux density of a maximum

of 5000 GS was used to produce an inhomogeneous magnetic

field. The magnetic flux density was focused onto the region

of the tumor with a specially adopted pole shoe that was

placed in contact with the surface of the tumor. On the tip of

the pole shoe, the gradient has its maximum demonstrating

the dependence of the magnetic flux density on the distance to

the pole shoe.

The Bel-7204 cells (5� 106) were injected subcutaneously

to the back of six-week-old male nude BALB/c mice

(20.40� 1.60 g). Mice bearing a tumor of 0.6–0.8 cm in

diameter were considered as positive. Thirty-six mice were

divided into six groups, each mouse was injected with

0.9% NaCl (Blank test) (0.2 mL), TNF (0.2 mL), T9-TNF

(0.2 mL), polycarbonate microspheres containing T9-TNF and

Fe3O4 magnetic ultrafine powder (T9-TNF-PC-M, 0.2 mL),

non-magnetic polycarbonate microspheres containing T9-TNF

(T9-TNF-PC, 0.2 mL), or empty magnetic polycarbonate

microspheres without T9-TNF (PC-M, 0.2 mL, 12.5 mg/mL),

respectively, via the tail vein. Subsequently, the mouse was

anesthetized with urethane (10%, 10 mL/kg), positioned prone

and fixed to a polystyrene cradle with adhesive tape to

minimize motion. A magnetic flux density of 5000 GS was

estimated in the region of the tumor surface and at 10 mm

below the tip of the pole shoe immediately after the injection

with the microspheres. The mice were exposed to magnetic

field for 30 min. This procedure of injection and targeting

therapy was repeated every three days. Mice were sacrificed

after four weeks and then the tumors were isolated and

weighed accurately. The inhibition of the tumor growth was

calculated compared with untreated mice.

Results and discussion

Preparation and characterization

Aliphatic carbonate copolymer P(TMC-co-DTC) was synthe-

sized by the polymerization of TMC and DTC using Sn(Oct)2

as a catalyst. The 1H NMR spectra showed the characteristic

methylene peaks (2.04 ppm) of the –CH2CH2CH2– group of

the TMC repeat unit and the characteristic peaks (1.0 ppm) of

the –CH3 group of the DTC repeat unit in copolymer structure

(Figure 1). The data of 13C NMR and IR also supported the

expected formation of carbonate copolymer P(TMC-co-DTC)

(Figure 2–4).

The human TNF is a recognized chemotherapeutic agent

by virtue of its anti-tumor antibiotic activity and was chosen

as an anti-tumor drug model in this work. Two tumor-

targeting polymeric drug delivery systems, including the

conjugate T9-TNF and polycarbonate microspheres T9-TNF-

PC-M containing T9-TNF and Fe3O4 magnetic ultrafine

powders, were prepared, respectively. Polymeric micro-

spheres can show the tremendous promise in the ideal

target-specific delivery of TNF for the treatment of cancers in

the body. The conjugate T9-TNF was a targeted prodrug

synthesized by the attachments of TNF and human transferrin

Figure 1. 1H NMR spectrum of P(TMC-co-DTC).
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receptor monoclonal antibody (T9) as a tumor-targeting

group.

Carbonate copolymer P(TMC-co-DTC) was used to pre-

pare the T9-TNF-PC-M microspheres containing T9-TNF and

Fe3O4 magnetic ultrafine powders, the empty magnetic

microspheres (PC-M) without T9-TNF, and non-magnetic

microspheres (T9-TNF-PC) containing T9-TNF by a solvent

evaporation technique. The SEM morphologies of T9-TNF-

PC-M microspheres are shown in Figure 5. The average

diameter of the T9-TNF-PC-M microspheres was 1.0 mm

(ranging from 0.7 to 2.4mm). In these microspheres, the

average weight of magnetic powder accounted for 35% of the

mass and the TNF loading concentration was 102 units/mg.

Their mobile velocity was 23.5 cm/min in a magnetic field of

5000 GS. Meanwhile, the TNF loading concentration of non-

magnetic T9-TNF-PC microspheres was 106 units/mg. The

average weight of magnetic power in empty magnetic

microspheres (PC-M) without T9-TNF was 37% of the mass

and their mobile velocity was 26.5 cm/min in a magnetic field

of 5000 GS. The resultant homogenous T9-TNF-PC-M

microspheres possessed high water affinity, good dispersal

and mobility in 0.9% sodium chloride solution suiting the

experimental purpose. Therefore, the microspheres had the

potential to be applied in targeting therapy of human hepatic

carcinomas under the influence of a controlling magnetic

field.

In vitro drug release study

The TNF release profile of T9-TNF-PC-M microspheres in

PBS was shown in Figure 6. A substantial release rate from

T9-TNF-PC-M microspheres was sustained over the seven

Figure 3. IR spectrum of P(TMC-co-DTC).

Figure 2. 1C NMR spectrum of P(TMC-co-DTC).
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days of measurement. The microspheres had no obvious

phenomenon of abrupt release and the initial drug release was

fast but trended to gently as lengthening of the time. The

cumulative percent releases of TNF from polycarbonate anti-

cancer drug microspheres reached 74.62% up to seven days.

The T9-TNF-PC-M microspheres released the drug slow,

presumably due to the low degradation rate and low water

absorption rate of polycarbonate copolymer P(TMC-co-DTC)

and the low drug diffusion coefficient of TNF in the T9-TNF-

PC-M microspheres.

In vitro cytotoxicity assay

The effects on cell growth and metabolism of human

hepatic carcinoma cells (Bel-7204) in vitro of the drug

alone, microspheres containing magnetic particles, the

conjugate of T9 and TNF, non-magnetic microspheres

containing the drug T9-TNF and microspheres containing

both the drug T9-TNF and magnetic particles (TNF, PC-M,

T9-TNF, T9-TNF-PC and T9-TNF-PC-M) are shown in

Table 1.

Figure 4. GPC spectrum of P(TMC-co-DTC) (Mn: 7.615� 104, Mw/Mn: 3.10).
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Figure 5. SEM photograph of T9-TNF-PC-M.
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At the same concentration of TNF (5000 U) in the growth

medium, the Bel-7204 cells incubated with the targeting

conjugate T9-TNF produced over 62.4%, respectively, mor-

talities relative to control, and higher than those of the cells

incubated with TNF (57.3%) and empty magnetic micro-

spheres PC-M (5.2%). Moreover, the Bel-7204 cells incubated

with non-magnetic microspheres T9-TNF-PC and magnetic

microspheres T9-TNF-PC-M produced over 72.8% and 70.6%

mortality at the lower concentration of TNF (500 U) in the

growth medium, respectively, relative to control, and signifi-

cantly higher than those of the cells incubated with TNF

(57.3%) at the higher concentration (5000 U). The results

supported the concept of that the TNF was released slowly

from the microspheres, and hence the steady controlled-

release and extended exposure led to increased kill rates for

the tumor cells. Both T9-TNF-PC and T9-TNF-PC-M similarly

demonstrated strongly inhibitory and high anti-tumor activity

to Bel-7204 cells in vitro indicating that the presence of the

magnetic particles did not have a detrimental effect on the

efficacy whether on the action of TNF or the release rates

from the microspheres.

In vivo growth inhibition of hepatic carcinoma

Tumor growths after receiving injections with either TNF,

PC-M, T9-TNF, T9-TNF-PC or T9-TNF-PC-M were moni-

tored and the growth inhibitions were measured relative to

control. After four weeks, the inhibition by T9-TNF (with high

dose of 10 000 U), T9-TNF-PC (with low dose of 1000 U) and

T9-TNF-PC-M (with low dose of 1000 U) on the growth of

hepatic carcinoma in mice was 60.75%, 62.74% and 68.40%,

respectively, and all were significantly higher than that of

TNF (26.88%) (with high dose of 10 000 U) (Table 2). As a

consequence, the increased drug concentration at the targeted

site and an enhanced local release of the drugs improved the

therapeutic action on the tumors. Under a magnetic field of

5000 GS, magnetic polymeric microspheres T9-TNF-PC-M

can be activated by a magnet applied outside the body and the

human transferrin receptor monoclonal antibody (T9) as a

tumor-targeting group, and then accumulated specifically

drugs into localized hepatic carcinomas.

Subsequently, TNF is expected to have been released

slowly from the magnetic polymer microspheres was further

endocytosed and then taken up primarily by the tumor cells.

The increased localized levels of TNF, activated the immune

system to the Bel-7204 cells and hence suppressed the growth

of tumor. The targeting therapy of T9-TNF-PC-M applied to

nude mice-bearing Bel-7204 carcinomas, provided markedly

inhibited tumor growth (68.40%) which was higher than the

effect of single TNF or the activities of the conjugate T9-TNF

and non-magnetic microspheres (T9-TNF-PC) (Figure 7).

Therefore, these results indicated that the T9-TNF-PC-M

microspheres possessed markedly high anti-tumor activity

against human hepatic carcinoma (Bel-7204) in vivo and

showcased the potential for this treatment modality. In

addition, the results showed that these microspheres T9-

TNF-PC and T9-TNF-PC-M, and conjugate T9-TNF protected

TNF from the elimination of the immune system in the body.

Moreover, the T9-TNF-PC-M microspheres showed the

noticely higher tumor inhibitory rate and anti-tumor activity

to the human hepatic carcinoma cells (Bel-7204) in vitro and

in vivo than that of T9-TNF.

Conclusions

The tumor-targeted conjugate T9-TNF was synthesized by the

incorporation of both T9 as a tumor-targeting group and TNF

as an anti-cancer drug into PEG. A solvent evaporation

technique was adopted to produce anti-cancer magnetic

polymer microspheres T9-TNF-PC-M containing T9-TNF

and Fe3O4 magnetic ultrafine powders using carbonate

copolymers P(TMC-co-DTC) as drug delivery carriers.

Compared with TNF, the T9-TNF-PC-M microspheres pos-

sessed a steady TNF release rate in PBS, strong magnetic

responsiveness, high tumor inhibition, and high anti-tumor

activity against human hepatic carcinoma cells (Bel-7204)

in vitro and in vivo. Thus, these magnetic polycarbonate

microspheres containing T9-TNF and Fe3O4 magnetic

Figure 7. Inhibitory effects of T9-TNF-PC and T9-TNF-PC-M micro-
spheres on human hepatocellular carcinoma.

Table 2. In vivo inhibitory effect of microspheres on nude mice-bearing
human hepatocellular carcinoma.

Group
Dose of
TNF (U)

Mice
number

(start/end)
Weight of
cancera (g)

Inhibitiona

(%)

Blank test
(0.9% NaCl)

– 6/6 4.130� 0.261 –

PC-M – 6/6 4.170� 0.348 –
TNF 10 000 6/5 3.022� 0.340 26.9� 1.08
T9-TNF 10 000 6/5 1.621� 0.476 60.8� 2.43
T9-TNF-PC 1000 6/5 1.539� 0.548 62.7� 2.51
T9-TNF-PC-M 1000 6/5 1.305� 0.382 68.4� 2.73

aThe data points denote the means with standard error bars for fine cases.

Table 1. In vitro anti-tumor activity of microspheres to human
hepatocellular carcinoma Bel-7402 cells.

Microsphere Dose (U) ODa (X� S) Inhibitiona (%)

Blank test (0.9% NaCl) – 0.346� 0.049 –
PC-M – 0.328� 0.014 5.2� 0.21
TNF 5000 0.148� 0.006 57.3� 2.29
T9-TNF 5000 0.130� 0.027 62.4� 2.49
T9-TNF-PC 500 0.094� 0.044 70.6� 2.82
T9-TNF-PC-M 500 0.102� 0.007 72.8� 2.91

aThe data points denote the means with standard error bars for fine cases.
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ultrafine powders have the potential as targeted-drug delivery

systems for hepatic carcinoma therapeutics.
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