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ABSTRACT
Purpose A novel conjugate, Folate-PEG-CKK2-DTPA, was
designed and prepared as a carrier for lymphatic metastasized
tumor imaging diagnosis and targeting therapy.
Methods Folate-PEG-CKK2-DTPA was synthesized and
characterized by analysis High Performance Liquid Chroma-
tography, Size Exclusive Chromatography and 1H-NMR.
99mTc-labeled conjugation was prepared, and in vivo quantita-
tive biodistribution and SPECT imaging were studied after
subcutaneously injected into the rats and rabbits, respectively.
Cell uptake study was carried in a KB cell line using fluorescent
methods. In vivo and ex vivo fluorescent imaging study was carried
in tumor-bearing nude mouse to evaluate its targeting ability.
Results Folate-PEG-CKK2-DTPA was synthesized with high
purity. Both in vivo biodistribution study and SPECT imaging
study show the rapid direction and high distribution of the
conjugation to the lymph nodes. The uptake of fluorescence-
labeled Folate-PEG-CKK2-DTPA in human oral epidermis
carcinoma cells was observed. In vivo and ex vivo fluorescent
imaging study indicated it could accumulate in tumor region after
vein tail injection in nude mouse.
Conclusions All these findings suggested Folate-PEG-CKK2-
DTPA as a novel and dependable carrier for tumor diagnosis
and therapy, especially for lymph-metastasized tumors.

KEY WORDS fluorescent imaging . folate-PEG-CKK2-
DTPA . lymph targeting . radio active tracing . tumor targeting

ABBREVIATIONS
BCS Bull Calf Serum
CKK2 cysteine-L-lysine-(L-lysine)2
DIPEA N,N-Diisopropylethylamine
DMSO dimethyl sulfoxide
DTPA diethylenetriaminepentaacetic acid
EDA Ethylenediamine
EDC·HCl 1-Ethyl-3-(3-dimethyllaminopropyl) carbodii-

mide hydrochloride
FBS Fetal bovine serum
FITC Fluorescein-5-isothiocyanate
FR Folate receptor
HBTU O-Benzotriazole-N,N,N′,N′-tetramethyl-

uronium-hexafluorophosphate
HF hydrogen fluoride
HOBT Hydroxybenzotriazole
HPLC high-performance liquid chromatography
KB human oral epidermoid carcinoma
Mal-PEG-
NHS

maleimide-polyethyl glycol-succinimidyl ester

ROI Region of Interest
SPECT Single-Photon-Emission Computed Tomography
TFA trifluoacetic acid
1H NMR 1H nuclear magnetic resonance

INTRODUCTION

Early diagnosis of metastasized tumors in cancer patients,
especially in patients with epithelial origin cancer like breast,
colon, lung, ovary, and prostate cancer, has come to the
forefront as a global challenge in cancer therapy (1,2).
Accurate staging of lymph nodes is a critical component in
determining the possibility of metastasis, which dictates the
therapeutic options. Although sentinel node biopsy has been
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an improvement over histological microscopy, its invasive
nature brings sufferings and inconvenience to patients. Many
noninvasive methods have been employed for lymph
metastasized tumor diagnosis, including cross-sectional im-
aging using radiolabeled colloid nanoparticles, single hybrid
probe for Magnetic Resonance, Near Infrared optical
imaging and the combinational technology (3–7). However,
all the techniques described above have low specificity for
malignant lymph nodes (8) and high false-positive probability
in diagnosis (9). In the meantime, treatment of lymph
metastasized tumors is of the same great significance and
difficulty. Available methods, including liposomes carrying
antineoplastic agents, intralymphatic chemotherapy using a
Hyaluronan-Cisplatin conjugate and adenovirus gene trans-
fer vectors for inhibition of lymph metastasis (10–14), are not
satisfactory because of the prolonged local tissue damage
caused by drug leakage from drug delivery systems after
subcutaneous injection (15). Consequently, the high inci-
dence of metastasis and the limited advances in lymphatic
diagnostic or therapeutic delivery systems necessitates the
development of a novel vector system specifically targeted to
malignant lymph nodes.

To confer delivery systems, targeting capability to malig-
nant lymph nodes, we cannot emphasize enough the
importance of selecting a suitable targeting ligand. Folic acid
is the most versatile small molecule for tumor targeting. Folate
receptor is over-expressed on a variety of human cancers,
including cancers of the breast, ovaries, endometrium, lungs,
kidneys, colon, brain, and myeloid cells of hematopoietic
origin (16). Most importantly, expression of FR positivity
seems more frequent in metastasized carcinoma than
primaries (44% compared to 33%) in colorectal carcinoma
(17). For example, folate receptor was found to be expressed
in a significant proportion of both primary squamous cell
carcinoma of the head and neck and corresponding lymph
node metastases tissues, and the expression level correlated
well with clinical outcome (18). As a natural vitamin, folate
acid showed high affinity to folate receptor, providing us a
targeting strategy to develop biomaterials for the delivery of
imaging agents or chemotherapy agents to FR-positive
tumors, including malignant lymph nodes. Previous reports
confirmed the use of folate receptor-mediated optical imag-
ing for visualizing metastatic tumor loci of sub-millimeter
size (19). The safety and feasibility of Folate-DTPA-111In
and 99mTc-EC20 (99mTc-pteroic acid-d-Glutamine-β-l-
diaminopropionic acid-Aspartic acid-Cystine, a folate con-
taining peptide) for scintigraphy differentiating between
malignant and benign tissues has been proven in a series
of clinical research (20–22). However, FR-mediated drug
delivery system for lymph-metastasized tumor targeting has
been rarely addressed for so far.

The agent for lymph-metastasized tumor imaging or
treatment should be capable of differentiating between

enlarged hyperplastic lymph nodes and metastatic nodes.
Fast clearance from the normal lymph system is critical for
precise diagnosis and reduced retention of chemotherapeutic
agents in local lymphatic tissues. With this in mind, PEGyla-
tion has been suggested as an effective approach since the
inclusion of PEG in lymph target delivery systems helped the
drainage of liposomes to non-macrophage targets and
increase the distribution of the liposomes in the normal lymph
nodes (23,24).

DTPAs are widely used to chelate radionuclide for radio
imaging and therapy, especially for 99mTc- and 111In-based
radiopharmaceutical (25). The multiple terminal carboxy
groups of DTPA facilitate carrying more imaging agents
and therapeutic agents. With more nuclide chelated, DTPA
can give images with high spatial resolution in diagnosis of
micro-metastasis in lymphatic system. The affluent carboxy
groups of terminal DTPA could potentially provide a
convenient graft for chemotherapy agents like doxorubicin,
cis-platinum, paclitaxel, et al.

Herein, we designed and prepared a novel bioconjugate
composed of folate, PEG and p-SCN-Bn-DTPA as an
imaging vector targeted to malignant lymph nodes for the
early diagnosis of metastasis. A peptide composed of four
terminal amino groups was included in the conjugate to
carry more DTPA. In vivo biodistribution in rats of this
99mTc-labeled conjugate was evaluated after subcutaneous
injection into the footpad. The imaging effect of the 99mTc-
labeled conjugate was studied by SPECT imaging and
ROI analysis in rabbits. The tumor targeting ability of the
FITC-labeled conjugate was investigated by the endocytosis
study in KB cells in vitro and in tumor-bearing nude mice in
vivo, respectively.

MATERIALS AND METHODS

Materials

Folic acid-polysaccharide complex was self-made with ester
linkage. Mal-PEG-NHS, MW 2000, was purchased from
JenKem Techno- logical Ltd. Co. of Beijing, China. Boc-Cys
(Mbzl)-PAM resin, FITC and EDA were obtained from
Sigma-Aldrich (St. Louis, MO, USA). EDC·HCl, Boc-Lysine
(Boc) and HOBT were purchased from Gil Bio (Shanghai,
China). p-SCN-Bn-DTPA was purchased from Macrocyclics
(Dallas, TX, USA). HBTU was purchased from American
Bioanalytical (Natick, MA, USA). Na99mTcO4 was gifted
from Department of Radiology, Zhongshan Hospital
(Shanghai, China). FBS, RPMI 1640 medium and folate-
free RPMI 1640 medium were purchased from Gibco Co.,
USA. Acetonitrile, methanol and other HPLC grade
reagents were obtained from Fisher Scientific, USA. Anhy-
drous diethyl ether, sodium chloride, DMSO and other
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chemicals reagents methanol used were obtained from
Sinopharm Chemical Reagent Co., Ltd., China.

Preparation of Folate-PEG-CKK2-DTPA

Synthesis of Folate-EDA

Ten mg of Folic acid-polysaccharide complex was gradually
added into 66 mL of EDA and stirred at room temperature
in the dark for 3 h. The reaction solution was added into
750 mL acetone to obtain the precipitation. After it was
washed with 250 mL acetone twice, the precipitation was
dissolved in water and filtrated to remove the insoluble
substance. Folate-EDA was obtained as dark red solid
when the pH of the solution was adjusted to 7.0 using
chlorhydric acid (1 M). The product was freeze-dried after
washing with water and acetone in turns three times. The
analytical HPLC was conducted on an Agilent 1100 series
quaternary HPLC system (Palo Alto, CA, USA) equipped
with a vacuum degasser, an autosampler, a thermostetted
column, and a UV and refractive index detector. The
chemical purity of Folate-EDA was examined by analytical
HPLC on a Diamonsil C18 Column (5 μm particle size,
200×4.6 mm, Dikma Technologies) at 40°C (eluant A,
water with 0.1% TFA; eluant B, acetonitrile with 0.1%
TFA; gradient, 5–65% B over 30 min at a flow rate of
0.7 mL/min).

Synthesis of Folate-PEG-Mal

Twelve mg (0.024 mmol) of Folate-EDA was dispersed in
2.5 mL DMSO and sonicated for 30 min until dissolved.
Mal-PEG-NHS (32 mg, 0.016 mmol) was slowly added.
The mixture was stirred for 30 min in the dark at 25°C.
The Folate-PEG-Mal was then separated from Folate-EDA
and DMSO using a Sephadex G-15 gel column (15 mm×
30 cm) on a ÄKTA explorer 100 system (Amersham Bio-
sciences, Uppsala, Sweden) consisting of Pump P-900, Pump
P-950, Monitor UV-900, and Frac-900 at room tempera-
ture. The column was washed with deionized water at a flow
rate of 1 mL/min. Fractions were collected and lyophilized.

Analytical chromatography was performed on an
Agilent 1100 series quaternary HPLC system same as
described in Synthesis of Folate-EDA. The chemical purity of
Folate-PEG-Mal was examined on a YMC-ODS column
(5 μm particle size, 300Å pore size, 150×4.6 mm) at 40°C
using a linear gradient same as described as 2.2.1. 1H
NMR (500 MHz, D2O) δ(ppm) for Folate-PEG-Mal: ∼8.5–
8.6 (s, C7-H, 1H), ∼7.4–7.5 (d, 2′,6′-H, 2H), ∼6.6–7.7
(d, 3′,5′-H, 2H), ∼4.2–4.3 (minor and major α-CH2 of
Glu, 1H), and ∼2.0–2.4 (m, β, γ-CH2 of GLu, 4H) for

folate; ∼3.1–4.0 (m, -OCH2CH2) and 6.94 (d, 2′,3′-H, 2H
of Maleimide) for Mal-PEG-NHS.

Synthesis of CKK2

CKK2 was synthesized using a Boc-protected solid phase
peptide synthesis procedure. Generally, Boc-Cys(pMeBzl)-
PAM resin was pre-swollen in DMF, deprotected using
TFA and washed with DMF. The coupling procedure was
performed using 3 eq. of HBTU, 8.8 eq. Boc-Lys(Boc)-OH
acid and 6 eq. of DIPEA calculated according to the
substitution level of the resin. After 30 min of the coupling
for one step, the resin was washed with DMF, deprotected
with TFA and coupled with Boc-Lys(Boc)-OH in another
cycle as described.

Final cleavage of the peptidyl resin and side chain
deprotection was conducted using HF at 4°C for 2 h. Then
the product was precipitated and washed with anhydrous
diethyl ether and freeze-dried. Analytical HPLC was per-
formed using the same system and C18 column as described
in Synthesis of Folate-EDA at 40°C (eluant A, water with 0.1%
TFA; eluant B, acetonitrile with 0.1% TFA; gradient, 0 to
10% B over 30 min at a flow rate of 0.7 mL/min). The
retention time of the product was 19.4 min. High resolution
mass spectroscopy (Agilent, CA, USA): CKK2, [M+H]+

506.30, found 506.45.

Synthesis of Folate-PEG-CKK2

Ten mg (0.004 mmol) of Folate-PEG-Mal was dissolved in
500 μL phosphate buffer (10 mmol/L, pH 7.4). Five mg
(0.01 mmol) CKK2 was added into the solution and stirred
for 30 min in the dark at a nitrogen atmosphere. After
filtrated with a 0.45 μm film, the mixture was desalted
using a Sephadex G-15 gel column (15 mm×30 cm) on an
ÄKTA explorer 100 systems. Fractions were collected and
lyophilized. HPLC was performed to examine the purity
of the product using the same system and method
described in Synthesis of CKK2.

1H NMR (500 MHz, D2O)
δ(ppm) for Folate-PEG-CKK2: ∼8.5–8.6 (s, C7-H, 1H),
∼7.4–7.5 (d, 2′,6′-H, 2H), ∼6.6–7.7 (d, 3′,5′-H, 2H), ∼4.2–4.3
(minor and major α-CH2 of Glu, 1H), and ∼2.0–2.4 (m,
β, γ-CH2 of GLu, 4H) for folate; 4.78 (s, α-H of Cys, 1H),
4.42 (s, α-H of Lys, 1H) for CKK2, and ∼3.1–4.0 (m,
-OCH2CH2) for NHS-PEG-Mal.

Synthesis of Folate-PEG-CKK2-DTPA

Six mg (0.002 mmol) Folate-PEG-CKK2 was dissolved in
500 μL DMF. Six mg of p-SCN-Bn-DTPA was added into
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the solution and stirred in the dark for 3 h. Kaiser Test (26)
was conducted to confirm the reaction of terminal amino
groups. DMF and excess p-SCN-Bn-DTPA was removed
using a Sephadex G-15 gel column (15 mm×30 cm) on an
ÄKTA explorer 100 systems at a flow rate of 1 ml/min
(eluant: 0.1 M HAc-NaAc solution with 20% EtOH, pH
3.2). Fractions were collected and lyophilized. Analytical
HPLC was performed to examine the purity of the product
on a TSK-GEL G4000PWXL colum (10 μm particle size,
300Å pore size, Tosoh Corporation, Minato-ku, Tokyo,
Japan) using the HPLC system described before at a flow
rate of 0.5 mL/min with deionized water as the eluent. 1H
NMR (500 MHz, D2O) δ(ppm) for Folate-PEG-CKK2-
DTPA: ∼8.5–8.6 (s, C7-H, 1H), ∼7.5–8.0 (d, 2′,6′-H, 2H),
∼6.6–7.7 (d, 3′,5′-H, 2H), ∼4.2–4.3 (minor and major α-
CH2 of Glu, 1H), and ∼2.0–2.4 (m, β, γ-CH2 of GLu, 4H)
for folate; ∼3.1–4.0 (m, -OCH2CH2) for Mal-PEG-
NHS,4.78 (s, α-H of Cys, 1H), 4.42 (s, α-H of Lys, 1H) for
CKK2 and ∼7.0–7.5 (d, 2′,3′,5′,6′-H) for p-SCN-Bn-DTPA.

In Vivo Study of Folate-PEG-CKK2-DTPA

99mTc Labeling of Folate-PEG-CKK2-DTPA

Folate-PEG-CKK2-DTPA was labeled with 99mTc using
the Tin(II) Chloride Reduction method as described
previously (27). Briefly, 208 μL of Folate-PEG-CKK2-
DTPA (25 mg/mL) in 10 mmol/L phosphate buffer (pH
7.2, 0.9%NaCl) was mixed with 35 μL solution of tin
chloride (10 mg SnCl2·2H2O in 10 mL of 0.1 mol/L HCl).
The mixture was diluted with phosphate buffer to 0.5 mL
and then incubated with freshly eluted 0.5 mL (740 MBq/
mL) of Na99mTcO4 for 15 min at room temperature. The
radiochemical purity of radiolabeled compound was ana-
lyzed by paper chromatography to determine the unbound
Na99mTcO4 and the [99mTc] colloid (28).

Biodistribution in Rats

The biodistribution of the conjugate was investigated after
injection of 99mTc-labeled Folate-PEG-CKK2-DTPA into
footpad of Wistar rats (male, 3 weeks). Each rat was in-
jected with 99mTc-labeled conjugate (50 μL, 370 MBq/ml)
into the footpad of right side. Three rats were sacrificed for
each time point after 10 min, 30 min, 1 h, 2 h and 4 h,
respectively. Popliteal, iliac and inguinal lymph nodes of
right sides and other major tissues were excised and assayed
for radioactivity. The biodistribution of the tracer in each
animal was calculated as a percentage of injected dose per
gram of tissue wet weight (%ID/g), using reference counts
from an accurately diluted sample of the original injection.

Imaging in Rabbit

Folate-PEG-CKK2-DTPA-99mTc (50 μL, 5 mg/mL,
18.5 MBq) was injected into the web space between the
second and third digiti pedis in both hind limbs of a normal
rabbit. Then the sequential 5-min SPECT scans were
performed in whole body to get the radio images (Siemens
ECAM dual-head) at 5, 15, 30, 60, 120, 180, 240, 300,
360 min. The scintigraphic images were analyzed by
drawing the ROI on the lymph nodes and calculating the
radiocounting of ROI according to the decay property of
99mTc.

Tumor Uptake Studies

Fluorescent Labeling of Folate-PEG-CKK2-DTPA

The synthesis of EDA-FITC and labeling of Folate-PEG-
CKK2-DTPA were as previously described (27). Briefly,
FITC was reacted with 50 mol eq. of EDA. Preparative
HPLC was conducted to purify EDA-FITC, which reacted
with Folate-PEG-CKK2-DTPA in a DMF solution with
HOBt (1.2 eq.) and EDA (1.2 eq.) in dark for 3 h at room
temperature. The fluorescent-labeled conjugation was
purified using a Sephadex G-15 gel column (15 mm×
30 cm) in an ÄKTA explorer system described in the
section before.

Tumor Cell Uptake Test

KB Cells (purchased from ATCC, cultured in RPMI1640
cell culture medium with 10% heat-inactivated BCS at 37°
C, 5% CO2) plated at 1×105 cells per well density in 24-
well plates were first cultured with folate-free RPMI 1640
medium overnight with 10% (v/v) heating-activated FBS.
Then the cells were incubated with 2×10−7M solution of
FITC-labeled Folate-PEG-CKK2-DTPA for 3 h at 37°C.
For folate competition groups, 1 mM folic acid was added
in the culture medium. The cell uptake was determined by
FITC fluorescence on an Olympus Image-Pro Plus fluores-
cence microscope (Japan).

Tumor Tissue Uptake Test

In vivo and ex vivo fluorescent imaging was carried in KB
tumor-bearing nude mice using a NightOWL II LB 983
imaging system (Berthold Technologies, Germany). To
capture fluorescent imaging, the mouse was then anesthe-
tized with 10% chloraldurat 2 h after vein tail injection of
1 mg/100 μL Folate-PEG-CKK2-DTPA labeled with
FITC. After taking images in vivo, the mice were sacrificed
to excise major organs which were photographed ex vivo.
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RESULTS

Preparation and Characterization
of Folate-PEG-CKK2-DTPA

As shown in Fig. 1., the synthesis pathway was composed
of four steps. Folate-EDA was prepared with folic acid-
polysaccharide complex and excess neat ethylenediamine,
obtaining a mixtured product containing 86.22% Folate
(γ)-EDA (retention time 14.0) and 9.06% Folate(α)-EDA
(retention time 14.9). Then Folate-EDA was conjugated to
bifunctional PEG through the active NHS group. Due to
the high reaction activity of NHS, this reaction could be
finished in 30 min at room temperature. The only impurity
in this step was superfluous Folate-EDA which could be
purified by precipitation with water and gel chromatogra-
phy. Using the Boc protected solid phase peptide synthesis
technique, the cysteine-terminated poly(L-lysine) (CKK2)
was synthesized with high purity through precipitation and
washing with diethyl ether after cleavage from the resin.
HPLC results of Folate-PEG-Mal and Folate-PEG-CKK2

(Fig. 2) showed the high purity of these intermediate
products (>95%).

We chose bifunctional conjugate p-SCN-Bn-DTPA
instead of DTPA dianhydrate to simplify the synthesis and
purification procedure, because both of the two anhydride
groups in DTPA dianhydrate were very likely to react with
the terminal amino-groups of CKK2 without selectivity,
leaving less free carboxy groups for chelating radio
nuclides. The HPLC result (Fig. 3) indicated a purity
higher than 95% for the target product Folate-PEG-CKK2-
DTPA, and 1-H NMR data (Fig. 3) suggested the number
of p-SCN-Bn-DTPA per molecular to be about 3.9
according to the ratio of C7-H to C-2′,3′,5′,6′-H.

Lymphatic System Targeting
of Folate-PEG-CKK2-DTPA

Before starting in vivo biodistribution study with 99mTc-
labeled Folate-PEG-CKK2-DTPA, the radiochemical pu-
rity of the radiolabeled conjugation was first determined by
paper chromatography to be higher than 95%, and the
impurities were mostly in the form of colloid 99mTc.

Lymphatic System Targeting Distribution in Rats

Fig. 4 shows the %ID/g radiocounting for the popliteal,
iliac, inguinal lymph nodes and other tissues at 15 and
30 min, 1, 2 and 4 h post-administration of Folate-PEG-
CKK2-DTPA-

99mTc in rats. The amount of radioactivity
in popliteal nodes was 4.82 %ID/g at 10 min, increased to
the maximum of 5.78 %ID/g and then decreased to 1.58
%ID/g at 4 h. The maximum amount in popliteal nodes

was about 85 times as in the blood (0.068%ID/g) and 35
times as in the kidney (0.78%ID/g), respectively. The
distribution of the conjugate in other organs was even less
than that in the kidney. The fast accumulation and
clearance of Folate-PEG-CKK2-DTPA in normal lymph
nodes observed here were beneficial to target malignancy
of lymph nodes.

Lymphatic System Imaging and Pharmacokinetics in Rabbits

Fig. 5A shows the imaging results in rabbits 3 h after
injection of Folate-PEG-CKK2-DTPA-99mTc. At least 3
lymph nodes could be imaged in one hind limb of rabbits.
The lymphatic vessels, popliteal and inguinal lymph nodes
showed prominent signals 5 min after injection and faded
for the following hours while the signal from other lymph
nodes in the hind limb became increasingly stronger at the
same time and then faded as time later elapsed. The radio
activity ROI on the popliteal lymph node of right hind limb
indicated a fast clearance in popliteal lymph nodes for 1 h
and maintenance at a low level for the sequential 5 h
(Fig. 5B).

Tumor Target of Folate-PEG-CKK2-DTPA

As shown in Fig. 6, the fluorescent-labeled conjugate could
be taken up by KB cells and blocked by the competition of
free folic acid, indicating a possible endocytosis mechanism
mediated by folate receptor. Fluorescent imaging in vivo and
ex vivo indicated an accumulation of the conjugate in a
transplanted KB tumor in mice (Fig. 7), in agreement with
results from the in vitro endocytosis study. A high level of
fluorescent signal was also observed in kidneys.

DISCUSSIONS

Cancer of epithelial origin, including breast, colon, lung,
ovary, and prostate cancer, holds high risk to spread through
lymph vessels (2). Nowadays, to monitor and preclude
metastasis, sentinel lymph node (SLN) mapping is widely
used in patients with epithelia tumor even without any
clinical evidence of nodal metastases, because early lym-
phatic metastases, if present, always occur within the SLN,
the first tumor-draining lymph node. Therefore, accurate
and sensitive imaging of lymph-metastasized tumor is of
significance for the early diagnosis and therapy for
malignant cancer. Besides the sentinel lymph nodes,
detection of other malignant lymph nodes in lymphatic
system could also provide valuable information for early
tumor staging, guidance for excision of the tumor and
follow-up for recovery after surgery.
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To realize active tumor targeting, folic acid was used to
modify DTPA-based nuclide vector. According to previous
literature (29–31), both α- and γ- derivatives of folate possessed
similar high affinity to folate receptor, so the obtained com-
pound of Folate-EDA (including both α- and γ-derivatives)
was directly used for follow-up synthesis without separation.
The polyethylene glycol, serving as a hydrophilic backbone,

could effectively evade the recognition and phagocytosis by
macrophage cells in lymphatic system and avoid possible
fast clearance of Folate-PEG-CKK2-DTPA in the lymph
system. A multi-lysine terminated peptide (CKK2) was
included in the conjugate in order to carry more DTPA and
thus chelate more nuclide imaging agents or conjugate more
chemotherapeutic agents. The four terminal amino groups

Fig. 1 Synthesis Scheme of Folate-PEG-CKK2-DTPA, the number of the chemical structures represents the chemical names as follows: I for Folate-EDA,
II for Folate-PEG-Mal, III for CKK2, IV for Folate-PEG-CKK2, IV for Folate-PEG-CKK2 and V for Folate-PEG-CKK2-DTPA.
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could conjugate a maximum of four chelating agents, which
could increase the resolution of the imaging agents and
therapeutic effects of chemotherapeutics, providing a good
solution for early diagnosis of metastasized tumor with small
size and target therapy for lymphatic malignancies.

Traditionally, DTPA dianhydride was used for reaction.
The less selectivity of the reaction with bisanhydride may
also lead to the yield of conjugates containing the ligand
weaker than DTPA (32). Therefore, monofunctional
DTPA (p-SCN-Bn-DTPA) was preferred for the prepara-

Fig. 2 HPLC results
of Folate-PEG-CKK2 and Folate-
PEG-Mal. HPLC was performed
on a YMC C18 Column (5 μm
particle size, 300Å pore size,
150×4.6 mm) at 40°C (eluant
A, water with 0.1% TFA; eluant
B, acetonitrile with 0.1% TFA;
gradient, 5–65% B over 30 min
at a flow rate of 0.7 mL/min;
detection UV @280 nm).

Fig. 3 HPLC result and 1-H NMR result of Folate-PEG-CKK2-DTPA. HPLC was carried on a TSK-GEL G4000PWXL column at a flow rate of 0.5 mL/
min with deionized water as eluent, detection UV@280 nm.
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tion of DTPA conjugation to obtain products with high
stability and selectivity.

Subcutaneous (SC) injections has been considered
preferable for delivery in the lymphatic system, as the
absorption of small particulates and macromolecules into
blood are restricted by the vascular endothelia (33) and can
be drained to the lymphatic capillaries and subsequently
transported to regional lymph nodes. As the smallest pore
on lymphatic vessels is much larger than those in blood
capillaries, it is generally belived that only compounds with
molecular weight over 16,000 Da rarely gain access to
blood capillaries and usually turned to lymphatic capillar-
ies. However, our results proved that Folate-PEG-CKK2-
DTPA with much less molecular weight could be directed
to lymph nodes other than blood vessels. Similar results
were also found in another previous report, also on Folate-

PEG-DTPA-99mTc agents (27), perhaps related to the
linear configuration of PEG.

In the in vivo distribution experiment, a significantly higher
uptake in popliteal, iliac and inguinal lymph nodes was
observed after injection of Folate-PEG-CKK2-DTPA into
footpad, in accordance with another report about lymph
nodes mapping in small animal using Evans Blue dye (34).
The enhanced uptake in lymphatic nodes may be beneficial
for the diagnosis and therapy of the malignancy in lymphatic
systems. In addition, this method could potentially provide
an alternative for prostate cancer diagnosis and therapy
because the iliac also drains the prostate.

SPECT images of Folate-PEG-CKK2-DTPA in rabbits
demonstrated the fast accumulation and clearance of the
conjugate in normal lymph nodes, which might be attributed
to the amplitude of negative charges considering the affluent
terminal carboxy groups in the conjugate (35). The
hydrophilic characteristic of PEG section may also play this
role, as supposed by a previous study in which PEGylation
reduced macrophage uptake of the conjugation (36). The
fast clearance nature of the conjugate from normal lymph
nodes may reduce the false-positive possibility and thus
favors its application in diagnosis of metastatic status. It was
not surprising to find the strongest signal in the popliteal
lymph nodes, since the popliteal node is the primary
draining lymph node following subcutaneous injection in
hind feet. The sustained increase of the radio tracer in
kidney and bladder indicated a renal elimination pathway
for the conjugate and the affluent of folate receptor
expressed in kidney proximal tubule as reported (37).

KB cell line was selected for the endocytosis experiment
for its high expression of folate receptor. In vitro cell
endocytosis test demonstrated the uptake of Folate-PEG-
CKK2-DTPA in tumor cells through a folate receptor-
mediated mechanism, which was further supported by the
in vivo and ex vivo imaging results. In tumor-bearing mice,
significant signal could only be observed from tumor and

Fig. 5 SPECT imaging of
Folate-PEG-CKK2-DTPA-

99mTc at
3 h in a rabbit after web space
injection between digiti pedis in
both hind limbs (a) and Radio
Counts vs. Time profiles of left
popliteal lymph node over
6 h (b).

Fig. 4 In vivo biodistribution of Folate-PEG-CKK2-DTPA-
99mTc after

injection in footpad of rats at different time points. All data are expressed
as mean ± standard deviation (n=3).
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kidney. Both the folate receptor-mediated targeting and
EPR effects could contribute to the distribution of the
molecular in-tumor tissues. The kidney accumulation of the
conjugate agreed well with SPECT images.

To prove the potential ability of the conjugation for
lymph-metastasized tumor diagnosis, our following study
would be focused on sentinel lymph nodes targeting on
animal tumor models with lymphatic metastases.

CONCLUSIONS

In summary, Folate-PEG-CKK2-DTPA showed a fast
drainage into the lymphatic system with a subsequent fast
clearance. In combination with its capability of being
taken up by tumor cells and tissues, the conjugate could be
potentially used as a carrier for lymphatic metastasized tumor
imaging diagnosis and targeting therapy.
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Fig. 7 In vivo and ex vivo fluorescent imaging in KB tumor-bearing mouse
2 h after i.v. injection of 1 mg/100 μL Folate-PEG-CKK2-DTPA labeled
with FITC.

Fig. 6 Fluorescent microscopy of
FITC-labeled Folate-PEG-CKK2-
DTPA in KB cells; upper panels
show cells incubated with 0.1 μM
substrates for 4 h at 37°C; lower
panels show cells treated with
0.1 μM substrates containing
1 mM of free folic acid;
micrographs were taken in the
phase-contrast mode (left) and the
same field viewed in the
fluorescence mode (right).
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