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Introduction

The current researches on drug delivery are developing 
multifunctional nanoparticles for cancer targeting and 
imaging. Biocompatible and functionalized nanoparticles 
have been shown to target tumors and produce optical, 
magnetic, and radioactive signals for enhancing sensitivity 
and specificity of noninvasive tumor imaging. The unique 
features of nanoparticles that make them suitable for 
receptor-targeted imaging include having a prolonged blood 
retention time (1-3). The physical and chemical moieties 
of heparin provide reactive functional groups and a large 
surface area for loading large numbers or multiple types of 
tumor-targeting ligands.

Heparin nanoparticles can be used as a remarkably 
strong optical imaging agent carrier and versatile surface 
chemistry for surface functionalization and introduction 
of biomolecules. Heparin itself is a safe biomaterials and 
widely using as a therapeutic agent (4). Heparin derivatives 
are also considered to deliver optical imaging agent such as 
iron oxide nanoparticles to detect human cancer cells (5). 
By the last two decades various imaging modalities have 
been developed regarding diagnosis of cancer cell based on 
photoluminescence or optical imaging strategies. Among 
the imaging modalities magnetic resonance imaging 
(MRI), optical imaging, single photon emission computed 
tomography (SPECT), and positron emission tomography 
(PET) are widely used in biomedical field (3-6). Recently 
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Hwang et al. demonstrated the features of heparin for 
delivery of super paramagnetic iron oxide nanoparticles 
(SPIONs) as a MRI imaging agent (7). In this research 
highlight we have been focused on optical imaging 
modalities as well as cancer targeted therapy using heparin 
based nanoparticles. 

Optical imaging modalities are proved as a safer 
technique compared to that of ultrasound and other medical 
imaging technique like X-ray (8). Beside organic dyes, 
QDs (9) and gold nanoparticles have been developed and 
reported as promising candidates for noninvasive imaging. 
These inorganic nanoparticles have been used as a real 
time imaging agent for organ, tissue, single cell and early 
detection of cancer cells (10). Even deep tissues like heart, 
kidney, lung and spleen could be noninvasively detected by 
near-infrared (near IR) QDs (11,12).

The selection of polymer as a carrier is very important 
issue to deliver those optical imaging candidate into cells 
or body. Poly (ethylene glycol) (PEG) (2), poly (lactic-co-
glycolic acid) (PLGA) (3), poly acrylic acid (PAA) (13), 
polysaccharide (14) and poly (ε-caprolactone) (15) along 
with other biocompatible polymers are used as a carrier 
molecule of imaging agent. Those biopolymers play an 
important role in coating the nanoparticles for increased 
solubility in water. Recently, our group has been used 
heparin as a carrier to improve biocompatibility and 
enhance efficacy (16-18).

Heparin derivatives for cancer targeting and 
therapy

Heparin shows anticancer activity through anti-angiogenesis 
process. A study conducted by our group reported that 
heparin derivatives could potentially inhibit the growth of 
tumor (19). These studies show that the anticancer activity 
is directly proportional to the number of deoxycholate 
(DOC) coupled with heparin. Larger antitumor effects of 
the DOC-heparin (8.5 mol of DOC coupled with 1.0 mol 
of heparin) were achieved in animal studies, compared to 
those of heparin alone. That report also confirmed that the 
conjugated heparin retained its ability to inhibit binding 
with angiogenic factors, showing a significant decrease in 
endothelial tubular formation (Figure 1A). Figure 1B shows 
that heparin itself is an anticancer agent and the efficacy 
was increased by 3 folds while conjugated with DOC. The 
result demonstrated that the conjugation of hydrophobic 
DOC with hydrophilic heparin facilitates the formation of 
self-assembly nanoparticles in aqueous solution, resulting 

in tumor uptake. It was increased through EPR effect. The 
heparin-DOC nanoparticles do not express any significant 
toxicity in mice as the body weight of each mouse was 
gradually increased simultaneously like control mice. Park 
et al. continued their work to investigate the potential of 
these nanoparticles as drug carriers for cancer therapy (20). 
Doxorubicin (DOX), a widely used chemotherapy drug, was 
entrapped into the amphiphilic heparin-DOC nanoparticles 
by hydrophobic interaction with the DOC moiety of the 
particles. These particles were tested for their cytotoxicity 
in mouse models, where no significant or unexpected 
side effects found, while free DOX caused a significant 
loss of weight in the models. DOX-loaded nanoparticles 
also significantly inhibited proliferation of squamous cell 
carcinoma and human umbilical vascular endothelial cell, 
with a ~60% and ~70 % inhibition, respectively, compared 
with those of free heparin.

Development of heparin nanoparticles

Among  b iopo lymers ,  the  wa te r- so lub le  na tura l 
polysaccharide heparin has attracted intense attention 
because it demonstrates a variety of biological activities 
including anticoagulant activity, inhibition of angiogenesis, 
tumor development, and proliferation of arterial smooth 
muscle cells. Chemical modifications of heparin with 
deoxycholate and lithocholate with reduced anticoagulant 
activity have demonstrated a great potential as anti-tumor 
drugs and drug carriers. Heparin forms self-assembled 
micelles upon conjugation with hydrophobic polymer or 
moieties like deoxycholic acid (DOCA) (17), retinoic acid 
(RA) (21), photodynamic therapeutic agent (PDTA) (22), 
poly(b-benzyl-L-aspartate (PBLA) (23), poly(L-lysine) (24) 
and grapheme (25) and the size of the micelles could 
be optimized by controlling the coupling ratio of that 
hydrophobic moiety. Recently, research has begun to 
combine the useful biological activities of heparin with the 
useful properties of nanomaterials. The combination of 
the two substances can provide synergistic improvements 
enhancing already existing properties and applications, and 
also create novel uses for these composites. This review 
focuses on studies on heparin based nanoparticles and the 
potential therapeutic applications as well as optical imaging.

Loading of QDs in heparin nanoparticles
 

The use of QDs in biology is one of the fastest moving 
and most exciting interfaces of nanotechnology and 
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nanomedicine. The unique optical properties of QDs make 
them appealing as in vivo and in vitro fluorophores in a 
variety of biological investigations, in which traditional 
fluorescent labels fall short of providing long-term stability 
and simultaneous detection of multiple signals. Various 
coating materials have been used to make QDs soluble in 
water and to target the specific cell for noninvasive optical 
imaging. Tran et al. demonstrated that QDs has been 
loaded into the heparin-folic acid-retinoic acid (HFR) 

bioconjugates for imaging cancer cells in vitro (26). The 
conjugation amount of folic acid and retinoic acid in HFR 
bioconjugates was increased through microfluidic approach. 
HFR conjugates form self-assembly micelle in aqueous 
solution; the particle size was less than 100nm in diameter 
confirmed by DLS and SEM (Figure 2A,B,C,D). They 
explained that the QDs-loaded HFR nanoparticles could 
be accumulated by cancer cell and confirmed by confocal 
laser scanning microscope (CLSM). Zehedina et al. (27) 

Figure 1 Inhibition of tubular formation by heparin and DOC-heparin conjugates at different concentrations (A). Shrinkage in tumor 
volume (B) and changes in body weight (C) after treatment with saline (□), 10 mg/kg heparin (●), 5 mg/kg of DOC-heparin VI (▼), and 
10 mg/kg of DOC-heparin VI (Δ), respectively. All data represent mean ± s.e. Reprinted (adapted) with permission from [Bioconjugate 
chem., 2008;19. Copyright (2008) with permission from American Chemical Society]

Human endothelial
cells

100 μL growth factor-
free matrigel with SDF-
1R (200 ng/ml)

24 hr with heparin or
DOC-heparin
nanoparticles

A

B C



222 Nurunnabi et al. Heparin nanoparticles for cancer targeting and imaging

© AME Publishing Company. All rights reserved. Quant Imaging Med Surg 2012;2(3):219-226www.amepc.org/qims

reported that hydrophobic QDs loaded into the heparin-
DOCA micelle and formed nano-size particle ranged 120-
150 nm in diameter confirmed by dynamic light scattering 
(DLS) and transmittance electron microscopy (TEM) 
(Figure 2E,F,G,H,I). The release profile of QDs from the 
heparin-DOCA nanoparticles showed that the release 
amount of QDs was very low at different buffer solution, 
which may prevent the possible toxicity, exert from the 
QDs. The QDs-loaded heparin-DOCA nanoparticles 
also tested for stability observation in different conditions 
like pH buffer and 10% FBS solution showed that the 
fluorescence intensity does not decreased much. The QDs-
loaded heparin nanopartciles has been applied for both 
therapy and diagnosis of cancer cell.

Oral delivery of optical imaging agent

The oral delivery becomes a very interesting alternative to 
the intravenous injection therapy. Our research group has 
developed heparin-bile acids conjugates for oral devliery 
of heparin. From the result, we confirmed that heparin 
derivatives are absorbed through bile acid transporter in 
the small intestine. In addition, we used a organic dye to 
find absorption site of heparin-bile acids conjugates in small 
intestine. However, it was hard to show a precise evidence 
for absorption mechanism due to degradation or loosing 
fluorescent intensity of organic dye in vivo. Nowdays the use 
of dyes for diagnosis is replacing by semiconductor quantum 

dots due to existing its high fluorescence and stability for long 
time in appropriate condition. Embedding biocompatible 
QDs into heparin nanoparticles is an effective method of 
enhancing the functions of materials. From the results of real 
time imaging, we found that QDs in heparin nanoparticles 
were distributed in the liver, lung and spleen of normal mice 
after oral administration (Figure 3A). QDs loaded heparin 
nanoparticles absorbed mainly through duodenum, jejunum 
and ileum of small intestine. The transmittance electron 
microscope (TEM) images of the stomach, duodenum, 
jejunum and ileum confirmed that the maximum amount 
of QDs loaded heparin nanoparticles absorbed through 
the ileum part of small intestine as the quantity of bile 
acid transporters are higher at that portion (Figure 3B). 
A competitive oral absorption profile of heparin was also 
observed by QD-loaded heparin nanoparticles (28). The 
study demonstrated the optical imaging agent such as QDs 
may be used to observe the drug absorption, bio-distribution 
and elimination study. The QD loaded heparin-bile acid 
nanoparticles introduce a novel strategy for oral delivery of 
optical imaging agent for a long-term observation.

Gold loaded heparin nanoparticles for optical 
imaging

Gold nanoparticles (AuNPs) is the another promising 
optical imaging candidate to detect the cancer cell as well 
as tumor tissue in both in vitro and in vivo conditions. 

Figure 2 Schematic figures (A), hydrodynamic size (B), SEM image (C) and fluorescence spectrum (D) of QDs-loaded heparin-rolic acid-
retinoic acid conjugates. Reproduce by permission of The Royal Society of Chemistry. Schematic representation of QDs (E) TEM images of 
QDs (F) QDs-loaded heparin-DOCA nanoparticle (G) fluorescence intensity (h) and TEM images
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Non-toxicity of AuNPs is the main feature as an imaging 
candidate along with other advantages like biocompatibility 
and easy surface modification. Gua et al. demonstrated 
that the AuNPs showed negative charges in the aqueous 
solution and the size and shape of the AuNPs could be 
controlled by changing the concentration of the heparin. 

Moreover, the gold nanoparticles obtained with relatively 
high concentration of heparin were very stable and had 
relative narrow size distribution (29). Richard M. Pino has 
reported that heparin coated gold nanoparticles could be 
used to mark the diaphragm-fenestrated endothelium of 
the rat choriocapillaris (30). Sun et al., has demonstrated 

Figure 3 Biodistribution of QDs-loaded heparin nanoparticles. TEM images show maximum amount of QDs-loaded nanoparticle absorbed 
through ileum (A,E) compared to that of stomach (B), duodenum (C) and jejunum (D). Reprinted from Carbohydrate polymers, 10.1016/
j.carbpol.2012.07.016, Khatun Z. et al., Imaging of the GI Tract by QDs Loaded Heparin-Deoxycholic Acid (DOCA) Nanoparticles. 
Copyright (2012) with permission from Elsevier
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that  AuNPs has  been loaded into the heparin-3, 
4-dihydroxyphenylalanine (DOPA) conjugated nanoparticle 
and showed very promising outcome for noninvasive 
optical imaging of liver (31). The authors explained that 
heparin enhanced the biocompatibility of AuNPs as well 
as career molecule of the drugs (Figure 4). The heparin-
coated AuNPs showed enhanced liver-specific CT images 
in vivo. The outstanding properties of this platform system 
highlight its potential as a novel liver-specific CT imaging 
agent and a molecular imaging probe for assessment of the 
therapeutic effect of anticancer drugs against liver cancer by 
a noninvasive method.

Conclusions

We have developed several kinds of highly fluorescent, 
extremely photostable, biodegradable QD-encapsulated 

heparin nanoparticles. The proposed QD-heparin 
nanoparticles can be promising candidates as a carrier 
molecule for anticancer drug and optical imaging agent 
by chemical conjugation or physical loading for in vivo 
imaging. It also would provide a novel way for the diagnosis 
and curative effect observation of cancer cells.
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