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Abstract: LR004 is a novel chimeric (human/mouse) monoclonal antibody developed for the treatment of 

advanced colorectal carcinoma with detectable epidermal growth factor receptor (EGFR) expression. We aimed 

to investigate the preclinical pharmacokinetics (PK) and in vivo biodistribution of LR004. The PK profiles of 

LR004 were initially established in rhesus monkeys. Subsequently, 125I radionuclide-labeled LR004 was 

developed and its binding activity to the EGFR antigen were evaluated. Furthermore, the biodistribution, 

autoradiography, and NanoSPECT/CT of 125I-LR004 in xenograft mice bearing A431 tumors were examined. 

The PK data revealed a prolonged half-life and nonlinear PK characteristics of LR004 within the dose range of 

6–54 mg/kg. The radiochemical purity of 125I-LR004 was approximately 98.54%, and iodination of LR004 did 

not affect its specific binding activity to the EGFR antigen. In a classical biodistribution study, 125I-LR004 

exhibited higher uptake in highly perfused organs than in poorly perfused organs. Prolonged retention 

properties of 125I-LR004 in tumors were observed at 4 and 10 days. Autoradiography and NanoSPECT/CT 

confirmed the significant accumulation and sustained retention of 125I-LR004 at the tumor site in xenograft 

mice. These findings demonstrated the adequate tumor targeting capabilities of 125I-LR004 in EGFR-positive 

tumors, which may improve dosing strategies and future drug development. 

Keywords: monoclonal antibody; EGFR; tumor-targeting; pharmacokinetics; radionuclide-based 

biodistribution; nanoSPECT/CT 

 

1. Introduction 

Colorectal cancer (CRC) is one of the most lethal and common cancers worldwide. 

Approximately 25% of patients are diagnosed at an advanced stage with metastasis, whereas an 

additional 20% of the cases may subsequently develop metachronous metastasis [1, 2]. The 5-year 

survival rate of patients with metastatic CRC is 65%; thus, the development of new therapeutic 

approaches for metastatic CRC is necessary [3, 4]. 

The epidermal growth factor receptor (EGFR) is a receptor tyrosine kinase that is commonly 

upregulated in various cancers, such as non-small–cell lung cancer, metastatic colorectal cancer, head 

and neck cancer, and breast cancer. EGFR plays a crucial role in the proliferation, survival, and 

transformation of cancer cells and has emerged as an important molecule for enhanced tumor 

targeting. Because of its overexpression in 25%–82% of colorectal carcinomas, EGFR has been 

identified as an invaluable therapeutic target for colorectal carcinoma metastases [5, 6]. Many EGFR-

targeted agents have been developed to date, including small molecule tyrosine kinase inhibitors 
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such as gefitinib, erlotinib, and lapatinib as well as monoclonal antibodies such as cetuximab and 

panitumumab. Compared with traditional cytotoxic drugs, monoclonal antibodies exhibit better 

selectivity and fewer adverse side effects. Cetuximab (Erbitux ®), a recombinant human/mouse 

chimeric anti-EGFR monoclonal antibody, was approved by the FDA for patients with EGFR-

expressing metastatic colorectal cancer after failure of both irinotecan- and oxaliplatin-based 

regimens or for those who are intolerant to irinotecan-containing regimens [7, 8].  However, recent 

studies have shown that KRAS mutations are detected in 36%–46% colorectal cancer cases, rendering 

cetuximab ineffective for the treatment of such patients [9-11]. In addition, the exorbitant costs 

associated with multiple treatment courses emphasize the urgent need for novel anti-EGFR agents. 

LR004 is a novel antibody molecule that shares several key characteristics with cetuximab, 

including its mouse-human chimeric composition structure, targeting a domain of EGFR, a relatively 

long half-life, and its activity in colorectal cancer. Unlike cetuximab which has murine glycan 

structures, LR004 has only human glycan structure. LR004 has demonstrated antitumor activity in 

various tumor models, including epidermoid carcinoma (A431), colon cancer (GEO), and breast 

cancer (MDA-MB-468) [12]; however, comprehensive preclinical pharmacokinetic (PK) and 

biodistribution profiles for LR004 have not been established. These profiles are necessary for dosage 

formulations and clinical studies as a novel antibody agent. 

Here, we conducted a preclinical investigation on the PK properties and in vivo biodistribution 

profile of LR004. Initially, we determined the affinity and kinetics of the LR004 antibody toward the 

EGFR antigen using a BIAcore X100 capture assay. Next, we examined the PK of LR004 at various 

doses by intravenous infusion in rhesus monkeys. Furthermore, we labeled LR004 with 125I isotope 

and used three methods to examine the biodistribution of 125I-LR004 within tumor-bearing BALB/c 

nude mice models, with a particular emphasis on its distribution within tumor tissues. Among these 

methods, the radionuclide-based biodistribution study represents a conventional and 

straightforward approach that provides detailed data on the accumulation of radiolabeled antibodies 

in excised tissues, which offers more accurate prognostic and predictive information. The 

combination of antibody labeling and bio-imaging techniques plays an important role in establishing 

the in vivo distribution characteristics of novel antibody molecules. This approach has been 

increasingly adopted because of its ability to provide a comprehensive understanding of tumor 

biology as well as its specific binding affinity toward the intended targets [13-15]. Therefore, we 

applied autoradiography and single photon emission computer tomography (SPECT) imaging 

technology to obtain direct visual verification of the distribution properties of 125I-LR004. 

2. Results 

2.1. Antibody Affinity and Kinetics Assay 

Antibody affinity and kinetics assay using the BIAcore X100 System showed that the equilibrium 

dissociation constant (KD) for LR004 was 2.80 × 10−9 M, with a ka value of 5.26 × 105 1/Ms and a kd 

value of 1.47 × 10−3 1/s (Figure 1A). Erbitux exhibited a KD of 3.88 × 10−9 M, ka of 2.86 × 105 1/Ms, and 

kd of 1.11 × 10−3 1/s (Figure 1B). Thus, the affinity between LR004 and EGFR showed moderate 

strength comparable with that of the commercially available erbitux. 
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Figure 1. Kinetic analysis/affinity test fitting curves from BIAcore analysis. (A) Kinetic 

analysis/affinity test fitting curve of LR004; (B) Kinetic analysis/affinity test fitting curve of erbitux. 

2.2. PK Profiles of LR004 in Rhesus Monkeys 

The PK curves of LR004 following a single intravenous infusion are shown in Figure 2A. The PK 

parameters in Table 1 indicate that the elimination half-lives (t1/2) at doses of 6, 18, and 54 mg/kg were 

51.60 ± 8.36, 104.62 ± 13.42, and 130.72 ± 39.57 h, respectively, and the t1/2 gradually extended with 

increasing doses. The respective AUClast were 6900.24 ± 1243.11, 25398.82 ± 4774.38, and 72301.13 ± 

16411.89 mg·h/L. The AUC rate was 1:3.68:10.48, which was consistent with the dose rate of 1:3:9. The 

MRTlast and Vd also significantly increased with increasing doses. These parameters suggest that 

LR004 exhibits nonlinear PK characteristics within a dose range of 6–54 mg/kg in rhesus monkeys. 

As shown in Figure 2B, after four consecutive intravenous infusions of LR004 at a dose of 18 mg/kg, 

there were no statistically significant differences between the first and last dosing profiles, indicating 

negligible accumulation of LR004 following continuous administration. The PK parameters had no 

statistical differences among different sexes (p > 0.05). 

 

Figure 2. Serum concentration–time curve of LR004 in rhesus monkeys. (A) Serum concentration 

profiles of LR004 following a single intravenous infusion to rhesus monkeys at doses of 6, 18, and 54 

mg/kg (mean ± SD, n = 6); (B) Serum concentration profiles of LR004 at a dose of 18 mg/kg for first/last 

dosing (mean ± SD, n = 6). 

Table 1. This is a table. Tables should be placed in the main text near to the first time they are cited. 

Parameters 6 mg/kg 18 mg/kg 54 mg/kg 

Cmax (µg/mL) 148.38 ± 25.66 352.71 ± 40.40 985.25 ± 31.68 
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Tmax (h) 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 

AUClast (mg·h/L) 6900.24 ± 1243.11 25398.82 ± 4774.38 72301.13 ± 16411.89 

MRT (h) 62.23 ± 4.98 103.93 ± 10.35 127.46 ± 23.48 

CL [mL/(h·kg)] 0.86 ± 0.18 0.72 ± 0.12 0.79 ± 0.22 

Vd (mL/kg) 62.56 ± 8.78 106.51 ± 9.37 139.83 ± 20.81 

t1/2 (h) 51.60 ± 8.36 104.62 ± 13.42 130.72 ± 39.57 

Cmax: maximum observed plasma concentration; Tmax: time to peak concentration; AUClast: area under the 

concentration–time curve from the time of first dosing to last dosing; MRT: mean residence time; CL: clearance 

rates; Vd: apparent volume of distribution; t1/2: terminal elimination half-life. 

2.3. Radiochemical Purity Identification 

The peak time of unlabeled LR004 was 6.59 min (Figure 3A), whereas the peak time of 125I-LR004 

was 6.5 min (Figure 3B), consistent with that of unlabeled LR004. This suggests that the SHPLC 

elution behavior of LR004 was unchanged before and after 125I-labeling. The radiochemical purity of 
125I-LR004 indicated that it was successfully synthesized as evidenced by the radioactive peak area 

ratio. The average of three measurements was 98.54%. 

 

Figure 3. Radiochemical purity determination. (A) SHPLC profiles of unlabeled LR004; (B) 

Radiochemical purity profiles of 125I-LR004. 

2.4. In Vitro Inhibition of Tumor Cells 

As shown in Figure 4A, the curves of the inhibition of proliferation by unlabeled LR004 and 125I-

radiolabeled LR004 were similar, and the EC50 values were 2.278 and 2.671 µg/mL, respectively. Thus, 

iodination of LR004 did not affect its inhibitory effect on tumor cells. 

2.5. In Vitro Binding Activities to the EGFR Antigen 

The antigen binding curves of a series of 125I-LR004 concentrations was identical to those of non-

labeled LR004, as determined via ELISA (Figure 4B). The binding activities of the two groups to the 

EGFR antigen were in good agreement. 
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2.6. Specific Binding Affinity toward MDA-MB-468 Cells 

As shown in Figure 4C, when the concentration of unlabeled LR004 was 100–0.001 times that of 
125I-labeled LR004, the unlabeled LR004 exhibited a dose-dependent competition with 125I-LR004 for 

binding to the EGFR antigen. The results indicated that 125I-LR004 and LR004 bound to the same site 

on MDA-MB-468 cells, suggesting that the high affinity of LR004 toward EGFR antigen was not 

affected by 125I-labeling. 

 

Figure 4. Inhibition and binding activities of LR004 before and after radiolabeling. (A) Curves 

showing the inhibition of proliferation by unlabeled LR004 and 125I-LR004 in MDA-MB-468 cells, as 

detected by CCK-8; (B) Comparison of antigen binding activities between unlabeled LR004 and 125I-

LR004, as determined via ELISA; (C) Competitive binding of 125I-LR004 and unlabeled LR004 to MDA-

MB-468 cells, as quantified via γ counter. 

2.7. Biodistribution in Xenograft Mice 

The concentrations of LR004 in tissues and body fluids were determined by 125I isotope labeling 

combined with TCA protein precipitation. Quantitative data in tissues harvested from tumor-bearing 

mice were obtained and the concentration of 125I-LR004 in tissues is shown in Figure 5A. 125I-LR004 

exhibited higher uptake in highly perfused organs (e.g., heart, liver, lung, kidney) compared with 

poorly perfused organs (e.g., brain, muscle). The concentration of 125I-LR004 in normal tissues 

exhibited a gradual decline from 4 h to 10 d, whereas the concentration in tumors remained stable. 

Figure 5B shows the concentration of 125I-LR004 in tissues compared with that in serum. From 4 d to 

10 d, 125I-LR004 in tumors relative to serum was significantly higher compared with that in the highly 

perfused organs, indicating a pronounced tumor target tendency of 125I-LR004. The prominent 

radioactivity accumulation in liver, particularly at 4 h postadministration, was the result of hepatic 

clearance of the antibody-based tracer. Higher uptake in the skin was attributed to specific EGFR 

receptor distribution and tissue sensitivity. 

 

Figure 5. Biodistribution of 125I-LR004 in xenograft mice. (A) 125I-LR004 in tissues at 4 h, 24 h, 4 d, and 

10 d following the administration of 60 mg/kg to tumor-bearing mice (n = 6); (B) 125I-LR004 level in 
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tissues relative to that in serum at 4 h, 24 h, 4 d, 10 d at a dose of 60 mg/kg in tumor-bearing mice (n 

= 6). 

2.8. Autoradiography Study in Xenograft Mice 

The autoradiography results of frozen tissues in tumor-bearing mice revealed the widespread 

distribution of 125I-LR004 across various tissues (Figure 6A). The radiation exposure in blood flow-

rich tissue was significantly higher than that in other tissues. Over time, the concentration of 125I-

LR004 in the serum gradually decreased, and radiation exposure levels in tissues also diminished; 

however, the radioactivity in tumor tissues was increased. Marked aggregation of radiation in tumor 

tissues (black arrow) was observed at 24 h, 4 d, and 10 d postadministration, highlighting the targeted 

distribution of 125I-LR004 in tumors. 

2.9. NanoSPECT/CT in Xenograft Mice 

NanoSPECT/CT results of 125I-LR004 are presented in Figure 6B. A significant radioactive 

exposure of 125I-LR004 was observed in the highly vascularized tissues (stomach, bladder, heart, and 

liver) as early as 4 h postadministration, and a high distribution of 125I-LR004 was also observed in 

the tumors. Radiation exposure levels in the whole body decreased with time, particularly in the 

highly radioactive organs (e.g., liver, lung, and kidney) during the initial time points. As shown in 

Figure 6C, tumor tissues with significantly higher drug concentrations showed a marked 

accumulation of radioactivity compared with the other tissues on Day 3. This high radioactivity level 

persisted until Day 10, consistent with the findings from our biodistribution study. Although the 

residual radioactivity in the whole body was considerably low at day 25, hotpots in the tumors were 

still evident and exhibited a clear contrast with surrounding tissues and background. From 4 h to 10 

d postadministration, the prolonged retention of 125I-LR004 in tumors combined with its rapid 

clearance from other tissues resulted in favorable tumor-to-whole body ratios (Figure 6D). The 

residual radioactivity in the whole body was considerably low at 25 days postadministration, 

whereas the hot spots within tumors in most mice were still visible with an excellent target–
background contrast. These results indicated that 125I-LR004 exhibits good tumor targeting capability 

with a prolonged half-life. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 December 2023                   doi:10.20944/preprints202312.0748.v1

https://doi.org/10.20944/preprints202312.0748.v1


 7 

 

 

Figure 6. Tumor-targeting of 125I-LR004 in xenograft mice through Autoradiography and 

NanoSPECT/CT imaging. (A) Autoradiography of 125I-LR004 at a dose of 60 mg/kg for 4 h, 24 h, 4 d, 

and 10 d in tumor-bearing mice. The black arrows indicate the location of the tumors; (B) 

NanoSPECT/CT of 125I-LR004 in tumor-bearing mice at 4 h, 3 d, 10 d, and 25 d postadministration (n 

= 3). The tumor regions are marked with yellow ellipses; (C) In vivo tumor targeting of 125I-LR004 

assessed via NanoSPECT/CT. The tumor regions are marked with yellow arrows; (D) The tumor-to-

whole body ratios of radioactivity at 4 h, 3 d, 10 d, and 25 d postadministration of 125I-LR004 (*p < 

0.05). 

3. Discussion 

This is the first study to investigate the in vivo PK properties and biodistribution profile of a 

novel anti-EGFR monoclonal antibody (LR004). Our findings demonstrated that LR004 can 

specifically bind to the EGFR antigen with appropriate antigen binding activity. This characteristic 

avoids any side effects associated with higher affinity while mitigating the poor therapeutic effects 

resulting from lower affinity. The PK of a monoclonal antibody reflects how it is distributed and 

processed throughout the body under physiological or pathological conditions. Detailed studies on 

the PK of therapeutic antibodies are essential for their continued development. We revealed that 
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LR004 exhibits a prolonged elimination half-life and nonlinear PK characteristics within a dose range 

of 6–54 mg/kg in rhesus monkeys. According to the literature, nonlinear PK phenomenon may be 

associated with target-mediated drug disposition, which is more frequently observed in monoclonal 

antibody drugs, especially for those targeting membrane receptors [20]. There was no statistically 

significant accumulation of LR004 after four consecutive intravenous infusions at a dose of 18 mg/kg, 

indicating that LR004 may have a better safety profile.  

This classical biodistribution study provided us with detailed data of radioactivity in excised 

tissues. We observed higher concentrations and rapid elimination of 125I-LR004 in highly perfused 

organs, such as the heart, liver, lung, and kidney, which probably reflects hepatic metabolism and 

renal excretion. For the tumor tissue, the levels of 125I-LR004 remained relatively constant, with a peak 

concentration occurring as early as 4 h and maintained concentrations of 125I-LR004 up to 10 d, 

indicating the targeted distribution tendency in EGFR-positive tumors. As expected, further 

assessment of the autoradiography and NanoSPECT/CT imaging findings also confirmed the 

enhanced visualization of the biodistribution tumor targeting properties of 125I-LR004. 

The lower radioactivity in poorly perfused organs (e.g., brain, spinal cord, muscle) of 125I-LR004 

may help to mitigate potential side effects in these tissues. The accumulation of radioactivity in the 

thyroid can be attributed to the in vivo deiodination and specific uptake of iodine by the thyroid 

glands. To accurately reflect real physiological conditions, we did not preblock the thyroid gland 

with iodine in our experiment. As previously reported, EGFR inhibition may cause lesions in the 

upper torso, face, neck, and scalp of >50% of the patients [21, 22]. Consistent with these reports, our 

biodistribution results showed relatively high radioactivity in the skin, which suggests that it may be 

related with EGFR receptor distribution or tissue sensitivity. These are factors that should be 

considered in future studies. 

LR004 has only human glycan structure, which can reduce the heterogeneity of the antibody and 

renders it more suitable for future clinical application in humans. In preclinical studies of antibodies, 

the evaluation of PK and biodistribution in suitable animal models is a central consideration. We 

performed PK studies of LR004 in monkeys, because it is generally considered the most relevant 

species for predicting the human PK of monoclonal antibodies. This approach can provide more 

compelling predictive data for appropriate dosage and timing for future clinical application. For 

biodistribution studies, we utilized the human tumor cell- xenografted mouse models and employed 

the noninvasive SPECT/CT imaging techniques, which may also closer to the clinical investigations. 

Radionuclide tracing technology is an important means of preclinical and clinical 

pharmaceutical research, while the selection of radionuclides for imaging should be tailored to the 

inherent properties of the studied antibodies. Our preliminary PK study revealed that the elimination 

half-life (t1/2) of LR004 at a medium dose in rhesus monkeys was >100 h. Consequently, radionuclides 

with short physical half-lives such as 64Cu (12 h) or 99mTc (6 h) may not be appropriate because of 

incompatibility with the slow PK and clearance of LR004. The selection of 125I was based on its high 

labeling efficiency and prolonged physical half-life (60 days), which corresponds to the long 

biological half-life of LR004 in the blood. Besides, radioactive iodine emits gamma rays, which can be 

measured efficiently and accurately with a common crystal scintillation counter. 

4. Materials and Methods 

4.1. Reagents, Cells, and Animal Models 

All the reagents used were of analytical grade. LR004 was generated by Synermore Biologics 

Co., Ltd. (protein content: 5 mg/mL, storage: −20℃). 125I was purchased from PerkinElmer Co., Ltd., 

with a radiation radionuclide purity of 99.90%. Trichloroacetic Acid (TCA) was purchased from 

Sinopharm Chemical Reagent Co., Ltd. The human breast cancer MDA-MB-468 cells and human 

epidermal carcinoma A431 cells were obtained from JOINN Laboratory (Beijing). Human epidermal 

carcinoma A431 cells subcutaneously implanted into BALB/c nude mice (40 males, body weight: 20–
30g) at JOINN Laboratories. Rhesus monkeys with a body weight of 4.5 ± 1.0 kg were purchased from 

the Experimental Animal Center of Academy of Military Medical Sciences and raised in the 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 December 2023                   doi:10.20944/preprints202312.0748.v1

https://doi.org/10.20944/preprints202312.0748.v1


 9 

 

Experimental Animal Center of Academy of Military Medical Sciences. All animal experiments were 

performed under standardized conditions, with an ambient temperature of 22°C ± 2°C, relative air 

humidity 40%–70%, a 12-h light/12-h dark cycle, with free access to water and food, according to the 

Guide for the Care and Use of Laboratory Animals (NIH). 

4.2. BIAcore Analysis of Antibody Affinity and Kinetics 

The affinity of LR004 and erbitux toward EGFR antigen was assessed separately under identical 

experimental conditions. LR004 or erbitux was diluted to 5.0 μg/mL with HEPES buffered saline -

EDTA-P20 (HBS-EP) buffer, whereas recombinant human EGFR was diluted to 8, 16, 32, 64, and 128 

nM with HBS-EP buffer. A consistent concentration of 32 nM was established as the repeat 

concentration. A regeneration solution consisting of 10 mM glycine–HCl at pH 2.5 was used. The run 

program in WorkFlow wizard mode was employed and multiple cycles were selected. The resulting 

data were fitted using BIAcore X100 analysis software by plotting time on the x-axis and signal value 

on the y-axis to determine the kinetic constants. 

4.3. PK of LR004 in Rhesus Monkeys 

A total of 24 rhesus monkeys (12 males and 12 females) weighing 4.5 ± 1.0 kg were randomly 

divided into 4 groups, with 6 animals per group. Three groups were administered with a single 

intravenous infusion at different dose levels (low dose: 6 mg/kg, medium dose: 18 mg/kg, and high 

dose: 54 mg/kg), and the fourth group received a series of doses with a medium dose (18 mg/kg) of 

LR004 for four intravenous infusions. For the single dose groups, blood samples were collected at 0 

(predose), 20 min, 40 min, 60 min (at the end of intravenous infusion), 1 h, 2 h, 4 h, 8 h, 12 h, 24 h, 2 

days (d), 4 d, 6 d, 8 d, 10 d, 12 d, 14 d, 16 d, 18 d, 20 d, 22 d, 24 d, 26 d, 28 d, and 30 d postadministration. 

For the group receiving a series of doses, blood sampling for the first and fourth time 

postadministration was performed according to the abovementioned method, and sampling for the 

second and third time was performed at 7 days postadministration. All blood samples were 

coagulated for 30 min at room temperature, after which the serum was harvested and stored at −20°C 
until analysis. Serum samples were analyzed via enzyme-linked immunosorbent assay (ELISA), and 

serum concentration–time profiles were used to estimate the PK parameters via noncompartmental 

analysis (WinNonlin, version 5.2.1; Pharsight Corporation, Mountain View, CA). 

4.4. Iodination and Purification of LR004 

LR004 was labeled using the iodogen method [16, 17]. Briefly, 1 mg of iodogen (Sigma) was 

dissolved in 0.5 mL of chloroform, and the mixture was added to the bottom of a tube and dried 

under nitrogen. Then, 1 mL of recombinant anti-EGFR monoclonal antibody (LR004) and 6 mCi of 

Na125I were added. The mixture was incubated for 6 min at 22°C ± 2°C under shaking conditions to 

complete the reaction. The mixture was purified on a Sephacryl G-50 column pre-equilibrated with 

phosphate-buffered saline (PBS), and the intelligent calibration instrument was used to determine 

the γ radiation of the eluant. 
The radiochemical purity of 125I-labeled LR004 was determined by high performance liquid 

chromatography (SHPLC) (SHIMADZU LC-20 AT) with a TSK-GEL G300SWXL gel filtration column 

(300 mm × 7.8 mm, 5 m) and an eluent of 0.05 mol/L phosphate buffer, pH 7.4, at a flow rate of 1.0 

mL/min. Each tube of eluent was collected per minute with a fraction collector and γ radioactivity 
was detected. Radioactive peak area percentage with the same chromatographic profile as the non-

labeled LR004 standard was calculated. 

4.5. In Vitro Inhibition of Tumor Cells 

To evaluate the inhibitory effect of the radiotracer in tumor cells, MDA-MB-468 cells were 

cultured in DMEM/F12K (1:1) containing 10% fetal bovine serum and 1% penicillin and streptomycin 

at 37℃ in a humidified incubator with 5% CO2. Cells in the logarithmic growth phase were diluted 

with detection medium to a density of 5 × 104 cells/mL, 100 μL were added to each well, and incubated 
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at 37℃ with 5% CO2 for 1 hour. LR004 and 125I-LR004 were separately diluted to 50, 16.67, 5.56, 1.85, 

0.62, 0.21, 0.07, and 0.023 μg/mL using DMEM/F12 medium without bovine serum. After incubating 
at 37℃ for 24 h, medium containing 5% fetal bovine serum was added and the cells were incubated 

for 96 h. CCK-8 solution was added followed by measurement of optical density (OD) values at a 

wavelength of 450 nm using a microplate reader. The binding rate curve and EC50 (amount of 

antibody for 50% binding) values were determined using Sigma Plot software. 

4.6. In Vitro Binding Activities with EGFR Antigen 

The antigen binding activities of LR004 before and after labeling were assessed by ELISA. 

Specifically, the wells were coated with 0.4 μg/mL EGFR antigen overnight at 4°C. Subsequently, the 
plates were washed and blocked with 2% BSA for 2 h at 37°C. Radiolabeled and non-labeled LR004 

were gradually diluted and added to the wells in duplicate. After incubation for 2 h at 37°C, the plates 

were washed and anti-human Fc-HRP was added and incubated for 1 h at 37°C. After washing, 100 

μL of TMB substrate working solution was added to each well and the reaction was terminated by 

adding 2 mol/mL H2SO4. The OD was measured using a microplate reader at 450 nm and 630 nm. 

4.7. Specific Binding Affinity of 125I-Labeled LR004 toward MDA-MB-468 Cells 

Unlabeled LR004 was initially diluted into eleven concentration gradients ranging from 0.00005 

to 1 mg/mL, and 50 µL of the solution was added to each triplicate tube. Subsequently, 125I-labeled 

LR004 was diluted to a concentration of 50 µg/mL, and 100 µL of the solution was added to each tube. 

MDA-MB-468 cells at a density of 1 × 105/mL (50 µL) in DMEM/F12 medium (without bovine serum) 

were added to the solution while stirring gently to prevent cell precipitation. The samples were 

incubated at 37℃ for 3 h, followed by an additional incubation at 4℃ for 30 min. All samples were 

washed thrice with PBS. Cell-bound 125I-LR004 was separated via centrifugation and quantified via γ 

counter. 

4.8. Mouse Tumor Xenografts 

Mice bearing human epidermal carcinoma A431 tumors were euthanized via cervical dislocation 

after isoflurane anesthesia. Tumors were removed under aseptic conditions, sliced into small pieces 

with a volume of 3 mm3, and subsequently inoculated into male nude mice in the right axillary 

subcutaneous region near the dorsal region. The tumors were allowed to grow for 4 weeks until 

reaching an approximate volume of 300 mm3. The tumor-bearing mice were then used for in vivo 

studies. 

4.9. Biodistribution Study in Xenograft Mice 

Four groups of A431 xenograft tumor-bearing mice (n = 6) were intravenously injected with 125I-

LR004 at a dose of 60 mg/kg and a radiation dosage of 10,641 KBq/kg. The mice were euthanized at 4 

h, 24 h, 4 d, and 10 d postadministration. Tissue samples including the skin, muscle, pancreas, liver, 

spleen, kidney, bladder, prostate, testis, large intestine, small intestine, stomach, lung, heart, brain, 

spinal cord, tumor, and serum were collected and weighed. An equal amount of saline and 30% TCA 

were added to the tissue samples for protein precipitation. After centrifugation at 5000 rpm for 5 min, 

the supernatant was discarded, and radioactivity in the precipitate per gram of tissue was quantified 

using a γ counter. The biodistribution data are expressed as the concentration of 125I-LR004 in tissues 

and the ratio of 125I-LR004 in tissues relative to that in the serum. 

4.10. Autoradiography in Xenograft Mice 

Tumor-bearing mice were administrated with 125I-LR004 via tail vein injection at a dose of 60 

mg/kg and a radiation dosage of 10,641 kBq/kg. Mice were euthanized at 4 h, 24 h, 4 d, and 10 d 

postadministration. Carcasses were embedded in 2.5% carboxymethyl cellulose and frozen at −20℃. 

After being completely frozen, mice were positioned on their left side and fixed onto a slice airborne 

platform. Overall, 40-µm thick sections were collected at three different positions: tumor sections, 
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right-side limbs, and spinal position. The dried sections were exposed to a phosphor imaging plate 

for 3 h and scanned using a bio-imaging analyzer (Cyclone Plus, PerkinElmerTM) to obtain images. 

4.11. NanoSPECT/CT Imaging in Xenograft Mice 

Twelve tumor-bearing mice (n = 3) were injected with 125I-LR004 at a dose of 50 mg/kg and a 

radiation dose of 199,633 kBq/kg. NanoSPECT/CT scans were performed at 4 h, 3 d, 10 d, and 25 d 

after administration using a NanoSPECT/CT scanner (Bioscan Inc., USA). The mice were anesthetized 

with 3% pentobarbital (50 mg/kg body weight) and placed in a prone position on an imaging platform 

for each scan. Whole body radionuclide images were reconstructed using an iterative ordered subset 

expectation maximization two-dimensional algorithm and fused with CT images using the integrated 

CT system [18, 19]. For semi-quantitative analysis, the tumor-to-whole body ratios of radioactivity 

were determined by drawing a region of interest around the tumors. 

4.12. Statistical Analysis 

All data are presented as means ± standard deviation (SD). GraphPad Prism 8.0.1 (GraphPad 

Software, San Diego, California USA, www.graphpad.com) was used for graph generation and 

statistical analysis. Significance was evaluated using a Student’s t-test and p < 0.05 was considered 

statistically significant. 

Research manuscripts reporting large datasets that are deposited in a publicly available database 

should specify where the data have been deposited and provide the relevant accession numbers. If 

the accession numbers have not yet been obtained at the time of submission, please state that they 

will be provided during review. They must be provided prior to publication. 

Interventionary studies involving animals or humans, and other studies that require ethical 

approval, must list the authority that provided approval and the corresponding ethical approval 

code. 

5. Conclusions 

Herein, we conducted a comprehensive preclinical study to assess the PK properties and in vivo 

biodistribution profile of a novel antitumor antibody, LR004, which exhibits specific binding to the 

EGFR antigen with appropriate antigen binding activity. It exhibits a prolonged half-life and shows 

no statistically significant accumulation after four consecutive intravenous infusions in rhesus 

monkeys at a medium dose of 18 mg/kg. 125I-LR004 displayed good tumor targeting capabilities in 

tumor-bearing BALB/c nude mouse models in classical biodistribution studies, autoradiography 

studies, and NanoSPECT/CT experiments. The overall preclinical PK and biodistribution profiles 

strongly support the potential clinical development of LR004 as an effective antibody for treating 

colorectal cancer. 
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