
Medical and Applied Physics (Thursday, February 13, 2014 09:00) 

 

Biodistribution of 
212

Pb Conjugated Trastuzumab in Mice 
 

N. Schneider
1
, M. Lobaugh

1
, P. Sandwall

1
, S. Glover

1
, M. Murry

1
, Z. Dong

2
, H. Spitz

1
 

 
1
 University of Cincinnati, Cincinnati, OH 45221-0072 

2
University of Cincinnati Cancer Institute, Cincinnati, OH 45267 

 

INTRODUCTION 

The biodistribution and microdosimetry in mice of 
212

Pb-trastuzumab, a human epidermal growth factor 

receptor 2 (HER2) targeting immunoglobulin (monoclonal antibody), was investigated for its potential as a 

therapeutic agent with immunocytoxic applications.  
212

Pb-trastuzumab is an alpha-emitting 

radioimmunoconjugate that can deliver a short-range, high linear energy transfer (LET) radiation dose to 

targeted tissue. The radionuclide 
212

Pb, when conjugated with a monoclonal antibody and administered into 

tumor cells, eventually decays into 
212

Bi, which emits a 6.09 MeV alpha particle or 
212

Po, which emits an 

8.78 MeV alpha-particle. The half-life of 
212

Pb is 10.64 hr. The lethal radiation dose delivered to tumor cells 

by 
212

Pb-trastuzumab is driven by the 8.78 MeV alpha particles from the decay of 
212

Po and may promote 

apoptosis in sensitive tumor cells via a deoxyribonucleic acid (DNA) helical double-strand break.  

Trastuzumab (Herceptin®, Genentech Inc., South San Francisco, California) is a humanized 

recombinant monoclonal antibody.  Biologically, it interacts and binds with the high affinity extracellular 

juxtamembrane domain of the human epidermal growth factor receptor 2, thus preventing the activation of 

its intracellular tyrosine kinase
1
.  Monoclonal antibody selection is partially based on the binding affinity 

plus the specificity of the antibody to its target.  Trastuzumab’s binding mechanics inhibit the proliferation 

and survival of the HER2-dependent tumor cells in patients with metastatic cancer which over express the 

HER2 gene.  At therapeutic doses in breast cancer patients, trastuzumab has a mean biological half-life of 

5.8 days
2
.    

This research investigated the development of HER2 targeting 
212

Pb-conjugated trastuzumab, a 

radiopharmaceutical targeted for in vivo treatment of HER2 expressing prostate tumor cells.  The 

biodistribution of this radiolabeled antibody was determined in 28 male 10 week-old mice by measuring the 

radioactivity of 
212

Pb (as a surrogate for the protein) in nine organs of interest plus the tumor at the time of 

sacrifice.  Orthotopic tumors (PC-3MM2) of prostate cancer cells were used in this study.  As organs 

of interest, the blood, brain, heart, liver, lung, kidney, spleen, bladder, intestine, and tumor were harvested 

and analyzed for 
212

Pb content (as a surrogate for the protein) using gamma spectrometry.  Two weeks prior 

to the radioimmunotherapy, the mice were injected with 2 x 10
5
 PC-3MM2 tumor cells into their dorsal 

prostatic lobe.  Each tumor-bearing mouse received approximately 740 kBq (20 µCi) of 
212

Pb-trastuzumab 

by intravenous injection. The biodistribution of the conjugated antibody was determined after mice were 

euthanized at 30 min, 1 hr, 4 hr, 8 hr, 12 hr, 24 hr, 36 hr, 48 hr, 60 hr, and 72 hr post injection. 

 

RESULTS 

The concentration of 
212

Pb in each organ was determined at the time of sacrifice by measuring the 238.6 

keV photons and correcting for radioactive decay.  The average percentage of injected dose per gram 

(%ID/g) was determined for each tissue, derived from the activity of 
212

Pb at sacrifice divided by the 

injected activity.  Results were normalized based upon total organ wet-weights and presented as %ID/g 

(except for blood which is %ID/mL). Table 1 lists results of the biodistribution of a single intravenous 

injection of 
212

Pb-conjugated trastuzumab observed in 28 male mice carrying orthotopic PC-3MM2 tumors. 

The uncertainty ( 2 SD) listed in parenthesis for each entry is the variation in groups of up to three mice.  

The percent-injected dose per milliliter (%ID/mL) of 
212

Pb-trastuzumab in the blood was 11.68 %ID/mL at 

30 min and decreased rapidly thereafter to approximately 3.03 %ID/mL at 72 hr.  Removal of 
212

Pb-

trastuzumab in blood with time enables transport and uptake in the tumor and other organs where it may 

remain or eventually be removed by recycling or excretion.   



 The concentration of 
212

Pb-trastuzumab in the tumor was 0.48 %ID/g at 30 min, increased to 7.78 

%ID/g at 12 hr, and then decreased to 4.28 %ID/g at 72 hr.  The greatest retention was observed in the 

spleen at 60 hr (42.49 %ID/g).  Uptake in the kidney ranged from 7.40 %ID/g to 17.94 %ID/g at 30 min and 

72 hr, respectively.  The concentration in the liver was fairly constant, ranging from 9.89 %ID/g at 30 min to 

7.58 %ID/g at 72 hr.  

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 illustrates the relative concentration (%ID/g) of 
212

Pb-trastuzumab with increasing time post 

injection in the blood, brain, heart, lung, liver, spleen, kidney, bladder, intestine, and tumor.  Results 

demonstrate that the content of 
212

Pb-trastuzumab with time was greatest in the liver, spleen and kidney. 

Accumulation of radioactive 
212

Pb-trastuzumab in the brain was negligible (< 1 %ID/g).  
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Figure 27:  Distribution (% injected/g) of 212Pb-trastuzumab with time (hr) post sacrifice in organs and PC-3MM prostatic tumors of mice. 

 Removal of 
212

Pb-trastuzumab from blood and uptake in the prostate tumors is illustrated in Figure 

2A and 2B, respectively.  The relative distribution in the orthotropic tumors to that in other organs increased 

over the time from 0.20 % at 30 min to 1.10% at 24 hr.  This model can be described using a two-

component, exponential increase with time reflecting the binding of trastuzumab with HER2 receptors in 

tumor cells.   

Table 4:  Average percent injected dose of 212Pb-trastuzumab per g of tissue or mL of blood in serially sacrificed 

mice. 



Figure 28:  Removal from blood (A) and build-up in PC-3MM2 tumor cells (B) post injection of 740 kBq of 212Pb-trastuzumab.  Each point 

reflects the average percent injected dose for up to three mice at the time of sacrifice (2 SD). 

Likewise, removal of 
212

Pb-trastuzumab from blood can be described over the 72 hr period of observation 

using a two component exponential function (R = 0.98, P = 0.19).  The effective removal half times from 

blood for the short- and long-term components are 1.77 hr and 51.3 hr, respectively.  The slow removal of 

oncoproteins from the blood is a desirable characteristic that increases the probability that the circulating 

radiolabeled antibody will bind with the HER2 expressing receptors on tumor cells utilizing this cytotoxic 

agent to target the vasculature of the tumor. However, removal and excretion may occur as a result of 

antibody catabolism. Alternatively, retention of 
212

Pb-trastuzumab in normal organs via metabolic cellular 

elements decreases availability of the radiolabeled antibody in the blood compartment. The period of 

observation adopted in this study was limited to 72 hr due to the short half-life of 
212

Pb.  The build-up of 
212

Pb-trastuzumab in an organ may reflect a transient condition associated with fundamental 

pharmacokinetic and organ physiology, limited number of receptor sites, or simple diffusion of the antibody 

in the blood flow.  For example, the antibody may be sequestered or phagocytized in the spleen as a natural 

function of the reticuloendothelium system and this may clarify why the spleen exhibited the greatest 

percent deposition of 
212

Pb-trastuzumab observed in this study.   

The desired target of the lethal radiation dose is HER2 expressing cells.  However, the distribution of 
212

Pb-trastuzumab deposited in organs other than the tumor demonstrates a need to know the concomitant 

radiation dose received by these organs (dosimetry) due to the decay of 
212

Pb and its short-lived alpha- and 

beta-emitting decay products.  Although traditional dosimetry calculations based upon the time dependent 

concentration of the radioisotope in each organ can easily be determined, it is unclear exactly where in the 

organ the energy from the short ranged, high LET radiation dose will be deposited
3
.   

Simulations have been performed to predict the radiation dose delivered to blood vessel walls, red 

and white blood cells, plasma, and tissue surrounding the blood vessels.  The percent of the alpha and beta 

decay energy deposited in the aforementioned compartments was simulated for different blood vessel 

dimensions and blood flow using the Monte Carlo code MCNPX. Results of simulations demonstrate that 

the majority of dose from 
212

Pb-trastuzumab in blood is delivered to blood cells and plasma as well as the 

walls of the blood vessels. Thus, only a very small fraction of the radiation dose penetrates into organ tissue 

that is in contact with blood vessels.  

 

CONCLUSIONS 

Clinical use of radiolabeled monoclonal antibodies in therapeutic treatment of cancer is increasing.  This 

study demonstrates an increased uptake rate in the tumor over a 72 hr period of observation following a 

single intravenous injection of 
212

Pb-trastuzumab in mice. Whereas 
212

Pb-trastuzumab appeared not to cause 

systemic toxicity
4
, there may be concomitant uptake in other organs that should be considered in evaluating 

the risk of radiation toxicity associated with therapy.  Additional laboratory and clinical study with 
212

Pb-

trastuzumab should be conducted to define an optimized therapeutic strategy and determine the radiation 

doses delivered to non-targeted organs and tissues using microdosimetry methods.  Results of this 



biodistribution study support further investigation of radiolabeled 
212

Pb-TCMC-trastuzumab, radiobiological 

organ microdosimetry, and optimal dosing regimens for 
212

Pb-trastuzumab as a therapeutic agent.   
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