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Trastuzumab is a humanized monoclonal antibody against the HER2 that has the potential to be used as radio-
immunotherapy (RIT) agent in treatment of breast cancer. Lutetium-177 has beta energy suitable for therapy and gamma
photons for imaging. We labeled trastuzumab with lutetium-177 via DOTA as chelator and performed some necessary tests
for the first stage in using complex as a RIT agent. Radiochemical purity, immunoreactivity and stability of complex were
determined. The biodistribution and imaging studies were determined in mice bearing breast tumor. The radiochemical
purity was 9470.9%. Lutetium-Trastuzumab showed a good stability at biological condition. The tumor to blood ratio was
calculated 3.29(70.09) after 7 days. The good tumor uptake in biodistribution studies was agreed with gamma camera
images after 7 days. The results showed that the new complex could be considered for further evaluation in animals and
possibly in humans as a new radiopharmaceutical for use in RIT against breast cancer.
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Introduction

Recently, targeted therapy of radiopharmaceuticals has shown
promising effects for delivering higher radiation doses to tumor
cells or metastases. Monoclonal antibodies have attracted much
attention due to their targeting capabilities and served as
selective carriers of radioisotopes to specific antigens in
radioimmunotherapy (RIT) for tumor treatment.1,2

Trastuzumab, trade-name Herceptin, is the second mono-
clonal antibody approved by food and drug administration
(FDA, USA) for the treatment of metastatic breast cancer.3

Trastuzumab continuously suppresses HER2 activity that may
lead to tumor proliferation and provides constant inhibition of
the HER2 receptor.4–6 Trastuzumab leads to cell stasis and
death.6–7 Trastuzumab has recently been used in RIT as a tumor
specific carrier.8–11

177Lu is a radiolanthanide with a b-emission similar to 131I but
with two advantages over it. The main g-photons of 177Lu
(208 keV, 11% abundance) are more suitable for imaging with a
gamma camera than those of 131I (364 keV, 82% abundance),
and 177Lu does not need special design of residualizing for
labeling with internalizing monoclonal antibodies. The half-life
of 177Lu is 6.65 days. This simplifies radiation protection and
patient-handling issues and should improve the quality of
dosimetric images, particularly by quantitative SPECT. So, 177Lu
is being increasingly used in therapeutic research studies.12

Targeted radiopharmaceuticals, whether designed for diag-
nostics or therapy, often involve the use of a radiometal. The
DOTA analogues have generally resulted in more stable radio-
metal bioconjugates. DOTA-NHS(one of the DOTA analogues)
was investigated in some of researches. The radiolabeled cG250

with 177Lu via DOTA-NHS, cDTPA and SCN-Bz-DTPA exhibited
that 177Lu-DOTA-cG250 had a higher labeling efficiency,
immunoreativity, invitro and invivo stability than the DTPA
analogues.13

The pharmacokinetics and biodistribution studies of 177Lu-
labeled J591 by DOTA-NHS in prostate cancer patients showed
177Lu formed strong complex with antibody via this chelator.14

However, there were also reports showing that NHS-DOTA
was not showed good stability. For example, Back-DOTA-B72.3
and Arm-DOTA-B72.3 were anticipated to be more stable in vitro
and in vivo than NHS-DOTA-B72.3 radiolabeled with 111In, 90Y
and 177Lu.15

It was found that minimizing normal organ accumulation of
177Lu activity after injection of 177Lu-labeled mAb–chelate
conjugates depends on both the characteristics of the mAb as
well as the properties of the chelate.16

We have already been labeled Trastuzumab with 177Lu and
performed the necessary in vitro quality control procedures and
investigated its cytotoxicity on MCF7 breast cancer cell line.17 In
the present study, we modified the labeling technique and
considered the biodistribution and imaging study of complex in
mice bearing tumor.
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Results

Quality control tests

On the average 5.7–6 DOTA analogues were conjugated to
trastuzumab and the labeling yield and radiochemical purity of
the complex was 6871.7 and 9470.9%, respectively. The
complex stability in human blood serum and phosphate buffer
at 24, 48, 72 and 96 h after incubation is presented in Figure 2.
The complex showed a good stability up to 96 h in both of the
media. On the average 8672.3 and 8172.7% of the complex
was stable in phosphate buffer and in human blood serum up to
96 h, respectively. The complex stablity in phosphate buffer was
higher than that in human blood serum because the protease
enzymes in blood serum could affect and hydrolyze the
antibody.18

The result of immunoreactivity test showed that the binding
of 177Lu to trastuzumab did not affect the immunoreactivity of
the antibody. The percentage of immunoreactivity was calcu-
lated 85.372.5%.

Biodistribution studies

The immunohistochemistry results showed the spontaneous
breast tumor that we used in this study expressed medium
levels of HER2. The initial set of 177Lu-trastuzumab biodistribu-
tion was performed in normal mice and the results are
presented in Table 1. One factor likely to contribute to
differences in 177Lu tissue uptake is the in vivo stability of the
metalchelate complex. The tissue distribution of [177Lu]lutetium
chloride was determined for comparative purposes. As the table
shows, after 24 h postinjection the activity of ionic lutetium
[177Lu] is high in bone, liver, kidney and low in blood but 177Lu-
trastuzumab has very high blood uptake and low accumulation
in other organs. As expected for 177Lu-trastuzumab, slow
clearance from the blood pool was observed. The retention of
177Lu from Lutetium chloride was significantly higher than177Lu-
trastuzumab in bone, liver and spleen ( p-valueo0.05).

The second set of tissue distribution experiments were
performed in inbred female BALB/c mice bearing breast tumor.
Figure 3 illustrates the distribution of 177Lu-trastuzumab 1–7
days after injection of 177Lu-trastuzumab. As can be seen, the
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Figure 1. Synthesis strategies of trastuzumab–DOTA conjugation.

Table 1. Biodistribution of 177Lu chloride and177Lu-trastu-
zumab in normal mice 24 h after injection

Tissue 177Lu chloride 177Lu-trastuzumab

Blood 0.97 (70.07) 24.76 (74.31)
Liver 9.05 (71.73 ) 6.02 (70.92)
Spleen 4.19 (70.80 ) 2.70 (70. 1)
Kidney 4.53 (71.08) 2.90 (70.72)
Bone 13.62 (73.15) 2.14 (70. 6)
Stomach 1.91 (70.06) 1.25 (70.04)
Intestine 1.95 (70.67) 1.36 (70.2)
Colon 1.89 (70.50) 0.89 (70.07)
Muscle 0.18 (70.06) 0.23 (70.02)
Lung 2.36 (70.9) 2.09 (70.4)
Heart 0.95 (70.04) 2.81 (70.89)

Values are presented as percent injected dose per gram
tissue (mean7standard deviation, n = 5).

Figure 2. The complex stability in phosphate buffer and human blood serum up to
96 h after labeling.

Figure 3. Tissue distribution of 177Lu activity in mice bearing tumor after injection
of 177Lu-trastuzumab. Values are presented as percent injected dose per gram of
tissue (%ID/g, n = 5), the tumor uptake(�) is increased with time and blood
activity(��) decreased.
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tumor uptake is increased with time and blood activity
decreased.

Accumulation of radioactivity in the tumor after 48 h was
reached to a maximum of 24.1473.96 %ID/g and remained
about constant (24.1173.61 %ID/g) up to 96 h. This concentra-
tion decreased with time in all organs, excluding the tumor,
which continued to accumulate radioactivity until 96 h after
injection. The radioactivity concentration was always below 8%
for all normal organs. The tumor uptake values were at all times
higher than the values in normal organs.

The tumor to organ ratio is important to evaluate the
potential future use of the labeled antibody for HER2 receptor
visualization. In Table 2 the tumor to organ ratio of all organs are
presented. Table 2 showed that tumor to blood ratio was 0.77 at
24 h after injection and continually increased to 3.29 after 168 h.

Gamma camera imaging

The gamma camera images at 24 and 168 h after injection of
177Lu-trastuzumab are shown in Figure 4. The tumors accumu-
lated large amounts of 177Lu. Small amounts of radioactivity
could also be found in the liver area. The tumor uptake was even
high up to 168 h after injection. A region of interest analysis of
the tumor and corresponding lateral region gave a tumor to
background ratio of 2073.5 for 24 h and 3071.2 for 168 h.

Discussion

Breast cancer patients are usually tested for the levels of HER2 in
their tumors. In a normal cell, HER2 controls aspect of cell

growth and division. When activated in cancer cells, HER2
accelerates tumor growth.19 HER2 is overexpressed in about
20–30% of breast cancers.4 These patients may be candidate for
trastuzumab treatment in the postsurgical or metastatic setting.
Trastuzumab potentially may be used as a tumor-specific carrier
in RIT.8–10 Owing to the cardiotoxicity of trastuzumab and its
complication in cardiac patients this new application can be
helpful at least for the patients who are unable to tolerate
trastuzumab treatment because of pre-existing heart pro-
blems.20 Moreover trastuzumab is expensive and the cost of
cancer treatment is very high.21 In RIT less amount of
trastuzumab is required therefore the side effects and the cost
of treatment will be less. There are many radioisotopes that
could be used to label with trastuzumab.11 Lutetium, radio-
nuclide emitting short-range b-particles (0.04–1.8 mm) with low
energy(0.497 MeV, 78.7%), is suitable for therapeutic purposes
because of its low tissue penetration range which may render it
more effective for small tumors.11

In this study we modified labeling method of 177Lu to
trastuzumab and performed the quality control tests, biodis-
tribution study and gamma camera imaging in mice bearing
tumor.

In previous study the DOTA/Antibody ratio was calculated
2.5–3.17 With some modifications in present study this ratio
improved to 5.7–6. We were able to raise the labeling yield to
6871.7% and radiochemical purity to 9470.7%. The immunor-
eactivity of the complex was 85.372.5%, which did not show
much reduction in binding ability of the antibody. The stability
in phosphate buffer and blood serum was 8672.3 and
8172.7% up to 96 h, respectively.
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Table 2. Tumor/Organ ratios for 177Lu-trastuzumab in mice bearing tumor

Tissue 24 h 48 h 96 h 120 h 168 h

Blood 0.77 (70.04) 1.15 (70.08) 1.52 (70.07) 2.08 (70.10) 3.29 (70.09)
Liver 2.82 (70.97) 3.58 (70.52) 4.65 (71.04) 5.45 (71.28) 8.59 (71.57)
Spleen 3.03 (71.03) 4.78 (71.0) 6.42 (71.09) 7.11 (71.43) 7.79 (70.97)
Kidney 3.47 (70.97) 4.22 (71.11) 5.29 (71.08) 5.91 (70.99) 9.81 (71.96)
Bone 7.78 (70.97) 8.26 (71.52) 7.67 (71.08) 5.9 (70.88) 5.26 (70.97)
Stomach 16.17 (72.61) 20.99 (73.53) 24.35 (74. 10) 26.88 (74.98) 37.83 (75.17)
Intestine 11.16 (72.34) 17.49 (72.68) 22.74 (73.74) 28.92 (73.39) 32.51 (75.20)
Colon 11.21 (72.10) 18.15 (72.06) 22.32 (73.39) 26.56 (73.54) 24.48 (72.81)
Muscle 15.81 (71.88) 21.74 (71.95) 23.63 (72.63) 23.55 (72.49) 25.07 (72.67)
Lung 5.99 (71.05) 8.41 (71.29) 7.8 (71.47) 8.01 (71.35) 8.324 (71.43)
Heart 5.62 (71.28) 9.54 (71.56) 11.87 (71.64) 19.83 (72.55) 25.69 (73.12)

Figure 4. The gamma camera images were acquired at 24 and 168 h after injection of 177Lu-trastuzumab.
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In selecting a labeling method for RIT, minimizing normal
organ activity levels is most important because dose limiting
normal tissue toxicity is perhaps the greatest impediment to
successful tumor treatment. For this reason, we evaluated the
tissue distribution of the 177Lu-labeled trastuzumab. A compar-
ison between 177Lutetium chloride and 177Lu-labeled trastuzu-
mab in normal mice showed ionic 177Lu was significantly
(p-valueo0.05) higher in bone, liver and kidney after adminis-
tration of 177Lutetium chloride. The biodistribution and imaging
studies in mice bearing tumor showed a good tumor uptake up
to 7 days and low acumulations in other organs. There was no
non-specific uptake controls performed in this study, but the
high tumor uptake and tumor to blood ratios greater than 3:1
after 168 h suggest that this uptake is specific.

It was reported that the tumor to blood ratio with 188Re-
trastuzumab was 1.86 at 48 h after administration in nude mice
bearing NPC cells (overexpress HER2).9

The biodistribution study of 177Lu-DTPA-pertuzumab in BALB/
c (nu/nu) mice carrying SKOV-3 (overexpress HER2) showed the
tumor to blood ratio was 1.6 at 24 h.22 In another study with
177Lu-mu81C6 the tumor to blood ratio in athymic mice bearing
subcutaneous human glioma D-54 MG xenografts was calculated
0.73, 1.15, 1.32 and 1.34 at 24, 48, 120 and 168 h, respectively.16

In this study, the tumor to blood ratio was increased gently
(0.77, 1.15, 2.08 and 3.29 at 24, 48, 120 and 168 h, respectively)
because the tumor that we used expressed medium levels of HER2
(from immunohistochemistry results), so its uptake from 177Lu-
trastuzumab was lower than the tumor that overexpress HER2.

It was reported that antibody labeled with 177Lu via DOTA-
NHS had high activity accumulation in normal organs.16 In that
study antibody was labeled to lutetium via DOTA-NHS with
chelate/antibody ratio of 4. The antibody-NHS-DOTA demon-
strated 29% incorporation of 177Lu and a high accumulation of
177Lu in the bone, liver and spleen at 24 h, while 177Lu-DOTA-
trastuzumab demonstrated good tumor uptake and low activity
in normal tissues. Most probably the normal organ activity of
177Lu depends on both the characteristics of the mAb as well as
the properties of the chelate being used.

Materials and methods

Materials

Trastuzumab was purchased in 140 mg vials (Genentech,
South San Francisco). 177Lu was produced by bombarding
176Lu2O3 (CAMPRO scientific, Germany, 74% ) dissolved in 0.05 M
HCl in the Tehran research reactor (at 2.6� 1013 n Cm�2 S�1

flux for 14 days). All chemical agents were purchased from Fluka.
SKBr3(Pasteur institute, Tehran, Iran) were grown and

routinely maintained in DMEM/F12 medium supplemented with
10% fetal bovine serum, 2 mM glutamine, 100 units/ml penicillin,
and 100mg/ml streptomycin and incubated in a humidified
atmosphere (95% air and 5% CO2) at 371C. SKBr3 is a hormone-
independent cell line originally derived from a breast adeno-
carcinoma expressing high level of HER2.23

Buffers

All buffers utilized for radiometal ion labeling must be prepared
as metal-free solutions. For preparing a 10� conjugation
carbonate buffer, NaHCO3 (40.22 g), Na2CO3 (2.25 g) and NaCl
(87.66 g) were dissolved in 1 l deionized water. Before using
trustuzumab in conjugation, it must be dialyzed against

carbonate buffer combined with 0.5 M EDTA at pH 8.6 for 24 h
then againts carbonate buffer without EDTA for 48 h. The
Cu(II)–Arsenazo(III) complex was supplied by dissolving Arsena-
zo(2 mg), CuCl2 (21.3 mg) and NH4OAc (2.9 g) in 250 ml
deionized water (pH = 7) and storing in dark at 41C.

Preparation of trastuzumab–DOTA

DOTA-NHS ester prepared before17(1 mg) was dissolved in 2.5 ml
carbonate buffer (pH 8.6). An aliquot of trastuzumab (5 mg, 2 ml)
in carbonate buffer was slowly added to DOTA-NHS solution and
gently mixed for 24 h at room temperature. Trastuzumab–DOTA
conjugation was then separated from unreacted chelate by
dialysis against ammonium acetate buffer (0.25 M, pH = 7)
combined with 0.5 M EDTA for 24 h and without EDTA for
48 h. The synthesis strategies of trastuzumab–DOTA conjugation
are shown in Figure 1.

The number of chelate conjugated to trastuzumab was
determined by spectrophotometric assay based on the titration
of the Cu(II)–Arsenazo(III) complex.24 Breifly, A UV/V spectrometer
was zeroed against a cuvette filled with 1 ml of Cu-AA reagent.
Then 50ml of trastuzumab–DOTA was added to the cuvette after
removing 50ml of Cu-AA reagent and incubated for 20 min in
dark. The absorbance values were read at 590 nm. The final
protein concentration was also determined by Lowry method.25

Labeling of trastuzumab–DOTA with 177Lu

5–8 mCi of 177LuCl3 was added to ammonium acetate buffer
(0.10 ml, 0.25 M, pH = 7.0), after addition of trastuzumab–DOTA
conjugate (100–200 mg), the pH was adjusted to 5 with
ammonia. The complex was incubated at 371C for 3 h then an
aliquot of EDTA (10 mM, 1/9 volume of the samples) was added
to the sample and allowed to bind with free lutetium (15 min at
room temperature). Trastuzumab–DOTA-177Lu complex were
purified by gel filtration on Sephadex G-25 column and eluted
with PBS supplemented with 0.5% bovine serum albumin.

Quality control of the trastuzumab–DOTA-177Lu complex

Labeling yield and radiochemical purity of the complex was
determined as described previously.17 The complex stability in
buffer and human blood serum was analyzed by ITLC at 24, 48,
72 and 96 h after incubation. The immunoreactivity of the
complex on SKBr3 cells was also checked based on the method
described by Lindmo et al.26

Biodistribution studies in mice bearing tumor

The tumors were originally established from a spontaneous
breast tumor (a murine mammary carcinoma) in an inbred
female BALB/c mouse. The breast tumor was established by
subcutaneous implantation of the tumor fragments (E1 mm3)
in the right flank region of normal inbred female BALB/c mice
(20–25 g, 8–10 weeks old). The tissue distribution experiments
were performed when the tumor volumes reached 7–8 mm3.
The reaction between trastuzumab and the tumor cells was
demonstrated by immunohistochemistry using the rabbit
antimouse peroxidase technique.27

The first set of tissue biodistribution experiments were
performed in inbred femal normal BALB/c mice weighing
20–25 g. Ten mice were injected (250mCi/0.1 ml) intravenously
with 177Lu-trastuzumab. The Groups of five animals were killed by5
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CO2 gas at 4 and 24 h after injection. The animals were dissected,
tissues were removed, weighed and counted for 177 Lu using a
dual-channel automated gamma counter. The harvested tissues
(blood, liver, spleen, kidney, stomach, intestine, colon, heart, lung
and bone) were compared with the percentage of injected activity
per gram of tissues (%ID/g). In order to facilitate analyses of these
biodistribution results, an additional experiment was performed in
a group of five animals which received 250mCi/0.1 ml of 177Lu
(lutetium chloride) were killed 4 and 24 h after injection.

The second set of tissue distribution experiments were
performed in inbred female BALB/c mice bearing breast tumor.
In seven separate studies, mice (n = 5) were injected intrave-
nously with 177Lu-trastuzumab(250 mCi/0.1 ml). Groups of five
animals were killed at 24, 48, 96, 120 and 168 h postinjection and
analyzed as described above. Animal experiments were per-
formed in compliance with the regulation of our institution and
with generally accepted guidelines governing such work.

Imaging studies

The biological behavior of 177Lu-trastuzumab was also ascer-
tained by carrying out simultaneous scintigraphic imaging
studies in mice bearing breast tumor (n = 5). 177Lu-trastuzu-
mab(250 mCi/0.1 ml) was injected intravenously via the tail vein.
Serial scintigraphic images were recorded at 24, 48, 96 and 168 h
after injection using a low-energy, high-resolution collimator.
Prior to the acquisition of images, the animals were anesthetized
using a combination of xylazine hydrochloride and ketamine
hydrochloride. All the images were recorded by acquiring 300 K
counts per pixel in 512� 512 matrix size.

Statistical analysis

The tissue uptakes were compared among the groups by one-
way analysis of variance using statistical software SPSS 13.0. For
all the tests, p-valueso0.05 were considered to indicate
statistical significance. The results are presented as mean7SD.

Conclusion

From these results we can conclude that the combination of
trastuzumab and 177Lu has some good promising properties on
mice bearing tumor including the good in vivo stability and tumor
uptake. So, the complex has the potential for further investigation
as a RIT agent in the treatment of the breast cancer.

References

[1] A. Gruaz-Guyon, O. Raguin, J. Barbet, Curr. Med. Chem. 2005, 12,
319–338.

[2] M. Bourgeois, F. Guerard, C. Alliot, M. Mougin-Degraef,
H. Rajérison, P. Remaud-Le Saéc, J. F. Gestin, F. Davodeau,
M. Chérel, J. Barbet, A. Faivre-Chauvet, J. Label. Compd. Radio-
pharm. 2008, 51, 379–383.

[3] New monoclonal antibody approved for advanced breast cancer.
In: administration-USA FDA, editor. Food and Drug administra-
tion Report, U.S. Department of Health and Human Services
1998, 98–27.

[4] G. Metro, M. Mottolese, A. Fabi, Expert Opin. Pharmacother. 2008,
9, 2583–2601.

[5] J. Albanell, J. Codony, A. Rovira, B. Mellado, P. Gascon, Adv. Exp.
Med. Biol. 2003, 532, 253–268.

[6] M. X. Sliwkowski, J. A. Lofgren, G. D. Lewis, T. E. Hotaling,
B. M. Fendly, J. A Fox, Semin. Oncol 1999, 26, 60–70.

[7] F.M. Yakes, W. Chinratanalab, C.A. Ritter, W. King, S. Seelig,
C. L. Arteaga, Cancer Res. 2002, 62, 4132–4141.

[8] M. L. Hooge, J. Kosterink, P. Patrick, H. Nijnuis, L. Tran, J. Bart, A.
Suurmeijer, S. Jong, P.L. Jager, E. Vries, Br. J. Pharmacol. 2004, 143,
99–106.

[9] G. Li, Y. Wang, K. Huang, H. Zhang, W. Peng, C. Zhang, Nucl. Med.
Biol. 2005, 32, 59–65.

[10] D. Costantini, C. Chan, Z. Cai, K. Vallis, R. Reilly, J. Nucl. Med. 2007,
48, 1357–1368.

[11] D. Nayak, S. Lahiri, J. Radioanal. Nucl. Chem. 1999, 42,
423–432.

[12] V. Lungu, D. Chiper, D. Niculae, J. Label. Compd. Radiopharm.
2007, 50, 565–566.

[13] A. H. Brouwers, J. E. M. Eerd, C. Frielink, E. Oosterwijk,
W. J. G. Oyen, F. H. M. Corstens, O. C. Boerman, J. Nucl. Med.
2004, 45, 327–337.

[14] S. Vallabhajosula, I. Kuji, K. A. Hamacher, S. Konishi, L. Kostakoglu,
P. A. Kothari, M. I. Milowski, D. M. Nanus, N. H. Bander,
S. J. Goldsmith, J. Nucl. Med. 2005, 46, 634–641.

[15] H. Mohsina, J. Fitzsimmons, T. Sheltonb, T. J. Hoffmanb,
C. S. Cutler, M. R. Lewis, P. S. Atheye, G. Gulyas, G. E. Kiefer,
R. K. Franke, J. Simone, S. Z. Lever, S. S. Jurissona, Nucl. Med. Biol.
2007, 34, 493–502.

[16] A. T. Yordanov, M. Hens, C. Pegram, D. Bigner, M. Zalutsky, Nucl.
Med. Biol. 2007, 34, 173–183.

[17] S. Rasaneh, H. Rajabi, M. H. Babaei, F. Johari-Daha, M. Salouti,
Nucl. Med. Biol. 2009, 36, 363–369.

[18] L. Hedstrom, Chem. Rev. 2002, 102, 4501–4523.
[19] A. Tan, S. Swain, Semi. Oncol. 2003, 30, 54–64.
[20] A. Seidman, C. Hudis, M. Pierri, S. Shak, V. Paton, M. Ashby,

J. Clin. Oncol. 2002, 20, 1215–1221.
[21] L. Fleck, Hastings Cent. Rep. 2006, 36, 13–17.
[22] M. Persson, L. Gedda, H. Lundqvist, V. Tolmachev,

H. Nordgren, P. U. Malmstrom, J. Carlsson, Cancer Res. 2007, 67,
326–331.

[23] Y. Koyama, T. Barrett, Y. Hama, G. Ravizzini, P. L. Choyke,
H. Kobayashi, Neoplasia. 2007, 9, 1021–1029.

[24] E. D. Brady, H. S. Chong, D. E. Milenic, M. W. Brechbiel, Nucl. Med.
Biol. 2004, 31, 795–802.

[25] O. H. Lowry, N. J. Rosebrough, L. Farr, R. J. Randal, J. Biol. Chem.
1951, 193, 265–269.

[26] T. Lindmo, E. Boven, F. Cuttitta, J. Fedorko, P. J. Bunn, J. Immunol.
Methods 1984, 72, 77–89.

[27] A. Johnstone, R. Thorpe, Immunocytochemistry, immunohisto-
chemistry and flow cytofluorimetry. Immunochemistry in Practice,
Blackwell Science, Berlin, 1996, pp. 313–380.

5
7

9

S. Rasaneh et al.

J. Label Compd. Radiopharm 2010, 53 575–579 Copyright r 2010 John Wiley & Sons, Ltd. www.jlcr.org


