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��C<PQR�e���fg)'+ HepG2����hi<N^ ��g� MR|uA 

������¡e����C<PQR¢£R�� 95.1 nm�\J¤¥¦� 0.21�Zeta����1.25 mV�r2
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Abstract 

BACKGROUND: Transferrin (Tf) is one suitable ligand to be conjugated to drug delivery systems to achieve 

site-specific targeting and desired therapeutic effect, due to its specific binding to transferrin receptors (TfR), and high 
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expression on the surface of tumor cells. Contrast agents are also modified with Tf to achieve specific tumor imaging.  

OBJECTIVE: To prepare Tf-labeled magnetoliposomes (MLs), and characterize their utility as TfR targeted MR specific 

contrast agent in vitro.  

METHODS: MLs and Tf-MLs were prepared by lipid film hydration method and covalent coupling method, 

respectively. Tf-MLs were characterized by their mean size, zeta potential, polyindex, r2 relaxivity, Tf-binding 

efficacy and cytotoxicity. In vitro MRI contrasting properties of the suspended nanoparticles incubated with HepG2 

cells were determined. 

RESULTS AND CONCLUSION: The mean diameter, polydisperisity index, zeta potential and r2 relexivity of Tf-ML were 

95.1 nm, 0.21, �1.25 mv and 94.62 mmol

-1

/s, respectively. The coupling efficiency was calculated and the values obtained 

were 59.4 µg Tf/µmol phospholipid corresponding to about 27 molecules of Tf-MLs. After a 2-hour incubation with 

rhodamine-labeled Tf-MLs, rhodamine fluorescence was detected intensively in the plasma membrane and the cytoplasm of 

the TfR-overexpressing HepG2 cells. In contrast, Tf-ML showed little binding in MCF-7 cells that had low TfR level. HepG2 

cells incubated with Tf-ML showed much higher intracellualar iron density than incubated with non-targeted MLs. In vitro MR 

T2WI of cells demonstrated the centrifuge tube containing HepG2 cells incubated with Tf-MLs produced a lower visible 

signal intensity than that treated with non-targeted MLs. Tf-MLs showed their potentials such as high r2 relaxivity, specific 

binding ability characteristics. These results suggest the availability of Tf-MLs to serve as a targeted contrast agent.   

Subject headings: Liposomes; Receptors, Transferrin; Nanoparticles; Magnetic Resonance Imaging; Tissue 

Engineering 

Funding: the Science and Technology Program of Guangdong Province, No. 2013B021800247; the National Natural 

Science Foundation of China, No. 30700184 
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1���������Materials and methods  

1.1  ��  �� ��� 

1.2 ������� �2015¡12¢32016¡4¢G£¤¥

H¦§ DE¨��©ª�� 

1.3  	 
  « ¬ � ­ ® � ­ ¯ ° (distearoyl 

phosphatidylcholine�DSPC)j«±²­®�­¯°

(dipalmitoyl phosphatidylcholine�DPPC)³´�µ¶Lipoid

·¸[«¬�­(®�­¹º»�¼¹«º[1,2-distearoyl-sn- 

glycero-3-phosphoethanolamine-N-[methoxy(poly(ethylen

e glycol))-2000�PEG2000-DSPE]j½¾F�®�­¹º»

(rhodamine-PE)³´¿¶Avanti Polar Lipids·¸[À!Á 

!"#[H-Tf(Fe)

2

]j��Â)!ÃÄÅ2j3�(2�ÆÇ«È()

ÉÊN�Ë(ÌÍ­Î»Ï[dithiothreitol and 3-(2-pyridylthio) 

propionic acid N-hydroxysuccinimide ester, SPDP]j̄ Ðº

(cholesterol, Chol)³´¿¶Sigma·¸� 

1.4  ��
� 

1.4.1  ������ÑÒ  5 mg ��Â)!ÃÄÅ2


��(DSPCÓcholÓPEG2000-DSPE$6Ó3Ó0.6ÔÕ�)

Ö��×�ØÙ/¹ÚÖ�Û(�Ü�1Ó1)���ÝÞ$ 

120 µmol�G40 ßàáâã äå[æç��Ö�SL

è2.5 mLéÊê×Ûëìí)(pH 7.4)�îv�ï��ð

Ãñ(Sonics VCX-130-PB, Newtown, CT)ëìòðóô

õ15 min�ÑÒ����v�0.45�0.22�0.10 µmö¼÷

ÊÏøùhúûø5ü�9Åý�þ��Lè0.001 mol 

rhodamine-PE������� 

1.4.2   !"#����������ÑÒ  �����

��ÑÒ�©�àáâ10 mg H-Tf (Fe)

2


20 mmol/L SPDP

G	º
��30 min�v�Sephadex G-25
���      

0.1 mol/L¹Ê��Û(pH 4.5)��ûÞ�SPDP[æçLè«

é�'º�G©�â��30 min�SPDPëì�	(��g$

50 mmol/L)���Sv�Sephadex G-25
���MES��

�×Ûëì�)(25 mmol/L MES�140 mmol/L NaCl�pH 

6.5)��	ç� !"#Lè��ÑÒ������( !"

#Ó����$0.2Ó1)�4 ßàáâ��û���1� !

"#��Sepharose CL-4B !���(HEPES��Û)� 

1.4.3   !"#���ÃÄÅ�Åýj"Z#$%&'  

(�)����Ö)Û�L*ÞÀäí+,ç��

Nicomp380Ågñ(Particle Sizing Systems)'-wÅý#

zeta"Z�.1Ó4��+, !"#��������(1

/0G1<23��ø4B�ö5Û��Lè2%®6Ê7

830 s�å9ç:;"<â��w$%� 
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1.4.4   !"#���ÃÄÅ��}=&'  ��>(?

BSA"#h!�

[4]

� !"#��}=�g/mol@A���

BCDE���h2F�� !"#GÞ� 

1.4.5   !"#���ÃÄÅr2HI='-  J�g$

0.10�0.12�0.14�0.16T0.18 mmol/L� !"#���Ã

ÄÅKèLM
�N(10 mL�Oí#P#0�?�Q�v

�GE Signa HDX 3.0TòA���RSTñ�T2 mapUV�

WMëìXV���STYG$TR/TE 2 000 ms/20 msj  

40 msj60 msj80 msj100 msj120 msj140 msj160 ms�

NEX$4�FOV$75 mm×75 mm� Z2 mm� [\2 mm�

J	]G^AèT2mappingh!_á�BCr2HI=� 

1.4.6  67����  `abc67HepG2( !"#�

�e�I)jÁdec67MCF-7( !"#��f�I)


½¾FQR�gh���G37 ßâ��2 h����¼i

���j<��67)Û�½¾F�PE�k^j^;ól

hú`a560 nmj590 nm� 

 !"#���ÃÄÅjm����ÃÄÅ
HepG2

67no16 hçëìpqrs78�B�tu(�PBSv

w2ü�1 mL�ÜhG$4%	xÐ-ÛÐ-30 min�PBS

vw2ü�Lè1 mLpqrs7Û7810 min�PBSvw2

ü�Lèyz×Û785 min[{�PBSvw2ü�� �

j<�����|� 

1.4.7  67}�L�  ��MTT�&'�(_l�Gi�

HepG2jMCF-767��RPMI1640tuÛ~�67�g

$1×10

8

 L

-1

����1 d�:z96�67tu�H�D�L

è200 µL67)Û�GCO

2

tu�
(37 ���ÜhG$

5%CO

2

j�T�g)tu24 h�����Û�húLè\�

�g(50�100�200�400�600�800�1 000 µmol/L)�

��×Ûtu24 h�D�Lè20 µL MTT×Û�G67t

u�
����4 h�����h$�ç�����Û�D

�Lè100 µL«	(Î�×�Û�G37 �67tu�
�

�����3G<â��«	(Î��Y×��v��Q

ñG570 nmólô'-B�g�BC67��=��û6

7��=������67}�� 

67��=(%)=��NB�g�/P#�QNB�g

�×100%� 

1.4.8  ��67MR��   `a !"#��e�I

HepG2bc67�GDMEMtu(
ëìtu��67_

lfg380%��Lè�"#�ëì�)ôõ�æçhúL

è !"#���ÃÄÅjP#��ÃÄÅ��3 h�v�

PBSëìv`�îG1 mL�PBS
ëì1�(1 500 r/min�  

5 min)�����Û��5�67�h�è0.5 mL1�M


ëìMR T2WI�����YG$TR/TE 2 500/100 ms�NEX 

4� Z2 mm� 

1.5  �������  !"#���ÃÄÅ�õ)��

(Åýj"Zj"<$%j !"#��}=jr2HI=j

67}�� Q)j��67��¡¢#MR��}|� 

2��	
��Results  

2.1  ������������ !�   !"#���

ÃÄÅ£¤Åý$95.1 nm�"Z$(�1.25±0.23) mV�ö

h¥pG(PI)$0.21(�

��

�1)�:;"<�� !"#���Ã

ÄÅ$¦§¤9j¨©�ª�«¬­*��
Y$��Â

)!®�(¯1)�°BC� !"#±�}=$59.4 g/mol�

=²�DE�������27E !"#h2�r2HI=

$94.62 mmol

�

1

³s

�

1

� 

2.2  "#$��%&  ´µ !"#���ÃÄÅ�gK

¦�67}�¶lKL�HepG267G !"#���Ã

ÄÅ�g$400 µmol/L�_l·¸¹��
m��67

MCF-7_l·¸ºF�»�[´µQR�gKL�67_

l·¸¼$f£���67�400 µmol/L���gQRç�

w_lK½�z�¾(�

��

�2)� 

2.3  '("#%)���MR*+��  k��¼i��

�j<�� !"#���ÃÄÅG67
�h¿¡¢�G

 !"#��e�I�HepG2bc67
�½¾FQR�

 !"#���ÃÄÅ^_
)�7.À�½¾Fz7[M

G !"#��f�I�MCF-7dec67
�Á�\^

_������\��
)?��67.
ºF�78(�

��

�

3)�pqrs!78�� !"#���ÃÄÅ
 !"#

��e�IHepG267��ç�gh���^_
)�6

7
j67���Âpqrs!78ÃÅ[m�����


HepG267��ç�\��
)?��67.
ºF�

!ÃÅ78(�

��

�4)���MR�����F� !"#���

ÃÄÅ
HepG267QRç�¦����zT2WI1�MÄ

ÅÆgâÇ[MP#��ÃÄÅ
67\^_���Èº

F�ÄÅÆgâÇ(�

��

�5)� 
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É�
�67����	/������

��°ÊËjÊÌ�ö:@A��S0��,0À�Í�
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��������WX
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 !"#���Î$É����@A��S��p��öE

DE�F��� !"#Ï(ÐÑ�GÒSÓ�TÁ��

�WXHlm5��}|

[5-11]

� !"#
�c�S(ÔÕ

Ö×)±Ø��ÙÚ�S��-M}�T��NO���

�� !"#� !"#��p�Û���������� 

DE^���� !"#��@A����É����u�

 !"#�Â)!ÃÄÅ2Ü�Sh2ï��Ý���ë

èbc�Þ���67�M�67
� !"#���I

~ßº�¾�����bc�MR�����

[12-14]

� 

õ�������p�oqlà%áâã-�ä�@

Aj�G-ÛåæHçèl�[�P[ã-�T¹���

	éú��

[15-17]
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�����=ä�ÑÒ
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 !"#
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SPDP$��Àì�±Ø���
67��í>(�"#


îöï^_­»)no�ÍðB&���Zu�$��"#

�ñèéò(ó�$�é)��

[16]

� !"#�h
«é�

'ºGpH 4.5àáâno��_´ÁéË(ó�çî{°«

éôõno
���
�®�­¹º»ôØ�$�"#�"

#±Ø��ûs:��ôØö÷J !"#
���ä�ø

y��G�������¦Þ� !"#(ù27E !"#/

�����h2)�@�à%�ú�d���í×�
�S

ûüP�ýþ���8�®�
���[���ôØ]��

h2¼������¾�	���jÉ��������þ��

G"#�T���[v�P[l����s9	
���H

ÑÒ� !"#���ÃÄÅLèê¼¹«º��G���

��$�rí�P[���
���l-.�ciî��§

gh	���ew_S��g

[17-19]

� 

 !"#���ÃÄÅ°��@A�ÊË?�����

��67���?�� !"#� !"#����S�


)ç�/�zÊË�
[ATP����2�JH

+

�èÊË

�
vpHÇf��ë�ÍS�,0���67�����

F� !"#���ÃÄÅ
 !"#��e�IHepG2

bc67^_������°��@A�ÊË?�ëè7

.�67
À���z7Tpqrs7!ÃÅ

[1]

���MR

����s: !"#� !"#����������ê

67�T2HI�[�ñøMR T2L�ÄÅâÇ� 

� !"#���ÃÄÅ?$Þ���������

h2ï��G(�WXj�S��@�Ûl£��o��

�

[20-22]

�þü��ÑÒ���ÃÄÅ2�$������Â

)!Å2���e67QR}=�KL67�������

Â)!Å2�Ï(Þ�DE�F�°�����ç�Â)!

Å2��� 67�QR}=��e3100%�î���e

�g!�67�!G}�

[12]

���ÃÄÅ2Û������

WX

[23-25]

��� !"#� !"#�����?���û

"#�;jÒ#$M
���;�@Añè��
���Ã

ÄÅG�%�ô¼�&�?�â�Iz�'���12�(

� 1  �������	
���
��������� 

Figure 1  Particle size distribution and transmission electron 

microscope of transferrin-labeled magnetoliposomes 

���� A������	
��
�
����B��������

�������	
��
������� !"�#$�%&'(

)�*+(,-� 100 nm). 
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� 2  �����������	
�����HepG2���MCF-7

��� !" 

Figure 2  Cytotoxicity assay of transferrin-labeled 

magnetoliposomes in HepG2 and MCF-7 cells 

DAPI            Rhodamine          Merge 
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� 4  HepG2��#�������	
�$%&'��	
�()

2 h*�+,-.�/01�23(×200) 

Figure 4  The light microscopy images of Prusssian blue staining 

of HepG2 cells incubated with transferrin-labeled 

magnetoliposomes and non-targeted magnetoliposomes (×200) 
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� 3  4156781���(×200) 

Figure 3  Laser confocal fluorescence microscope observation of 

HepG2 and MCF-7 cells incubated with rhodamine labeled 

magnetoliposomes (×200) 

����/ A�C�����@"%3AHepG2BC01DEF=,G

�����	
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HIJ� DAPI:K�LMN�2 Merge���
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���@"U3AMCF-7VWC01DEF=,G�����	
��


HIJ�DAPI:K�LMN�2Merge���<EF=T:. 

 

���HepG2BC01DXYZ[\HIJ� MR T2WI���56

�����	
��
](A)^_ MR`a=�bc�defg	
�

�
(B)Lh�](C)<=�`abc. 

 

� 5  HepG29:��;

< T2WI�= 

Figure 5  Coronal T2WI 

images of HepG2 cells 

after incubation with 

different contrast agents 
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