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ABSTRACT
IL13Rα2 is a cell surface tumor antigen that is overexpressed in multiple tumor types. Here, we studied 
biodistribution and targeting potential of an anti-IL13Rα2 antibody (Ab) and anti-tumor activity of anti- 
IL13Rα2-antibody-drug conjugate (ADC). The anti-IL13Rα2 Ab was labeled with fluorophore AF680 or 
radioisotope 89Zr for in vivo tracking using fluorescence molecular tomography (FMT) or positron emission 
tomography (PET) imaging, respectively. Both imaging modalities showed that the tumor was the major 
uptake site for anti-IL13Rα2-Ab, with peak uptake of 5–8% ID and 10% ID/g as quantified from FMT and 
PET, respectively. Pharmacological in vivo competition with excess of unlabeled anti-IL13Rα2-Ab signifi
cantly reduced the tumor uptake, indicative of antigen-specific tumor accumulation. Further, FMT 
imaging demonstrated similar biodistribution and pharmacokinetic profiles of an auristatin-conjugated 
anti-IL13Rα2-ADC as compared to the parental Ab. Finally, the anti-IL13Rα2-ADC exhibited a dose- 
dependent anti-tumor effect on A375 xenografts, with 90% complete responders at a dose of 3 mg/kg. 
Taken together, both FMT and PET showed a favorable biodistribution profile for anti-IL13Rα2-Ab/ADC, 
along with antigen-specific tumor targeting and excellent therapeutic efficacy in the A375 xenograft 
model. This work shows the great potential of this anti-IL13Rα2-ADC as a targeted anti-cancer agent.
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Introduction

While surgery, chemotherapy, and radiation therapy have been 
used to treat cancers for decades or even centuries, monoclonal 
antibody (mAb)-based therapeutics are a relatively new, yet 
still rapidly growing, category.1,2 The discovery of tumor- 
associated antigens was first made in the 1960s, when cancer 
cells were observed to over-express or preferentially express 
secreted or cell surface-bound targets that were not as com
monly found as in normal tissues.1,3 Since the late 1990s, 
several types of antibody-based cancer therapeutics have been 
established that exploit various functions of the antibody: ago
nist or antagonist antibodies that function through modulating 
the target itself; antibodies that elicit or modulate immune 
reactions against the target; and antibody-drug conjugates 
(ADCs) that deliver highly cytotoxic drugs (payloads) to the 
target-expressing tumor cells. Compared to conventional che
motherapies, payloads delivered by ADCs are conceptualized 
to have reduced systemic exposure and toxicity, resulting in 
a broader therapeutic index.4–6 Here, we report a mAb against 
a tumor antigen, IL13Rα2. We examined the pharmacologic 
properties of the antibody, as well as its therapeutic potentials 
in the cancer-targeted ADC setting.

There are two types of receptors (R) for human interleukin 
13 (IL13). First, the “shared” IL4/IL13 receptor, which consists 

of an IL4Rα chain and an IL13Rα1 chain (also known as IL13R 
alpha’).7 This heterodimeric receptor is responsible for signal 
transduction and effector function of IL13.8 IL13 also binds to 
a second type of receptor, an IL4 independent, “restrictive”, 
monomeric receptor, IL13Rα2, which has a short cytoplasmic 
tail (17 amino acids), and therefore is incapable of signaling via 
the canonical JAK/STAT pathway, but has an extraordinarily 
high binding affinity toward IL13 compared to the shared 
receptor.7,9 Because of these features, IL13Rα2 was once con
sidered a decoy receptor that can sequester and inhibit the 
signaling of IL13.10,11 Recent studies have demonstrated that 
IL13Rα2 stimulates a signaling cascade that is separate from 
the STAT6 pathway. Depending on the cell context, the expres
sion of IL13Rα2 can be increased by tumor necrosis factor 
(TNF) alone or in synergy with IL17, IL13 or IL4.11,12

In addition to IL13, chitinase 3-like 1 has been identified as 
another binding ligand for IL13Rα2.13,14 Upon ligand binding, 
IL13Rα2 is able to elicit activator protein 1 (AP-1) activation 
and subsequent transforming growth factor (TGF)β induction, 
as well as MAPK, Akt/PKB, and Wnt/β-catenin signaling and 
to promote cancer metastasis.12,13,15 In oncology, over- 
expression of IL13Rα2 was found in the majority of glioblas
toma multiforme patients. The expression pattern, assessed in 
tumor sections from patients, was reported to be abundant and 
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relatively homogeneous.16 The over-expression of IL13Rα2 has 
also been linked to rapid growth, metastasis, and/or poor 
prognosis in breast, lung, gastric, pancreatic, and ovarian 
cancers,15,17–20 as well as increased tumorigenicity in mela
noma models.21 Further, several groups have validated that 
IL13Rα2 undergoes rapid internalization following ligand, 
peptide, or antibody interactions, which suggests that this 
target could be amenable to antibody/ADC targeting.22,23 

Taken together, these data supported the exploitation of 
IL13Rα2 as a cancer antigen in the construction of an ADC, 
to promote tumor targeted delivery.24–26

We previously demonstrated the strong expression of 
IL13Rα2 on A375 tumors compared to U87MG or H460 
tumor cell lines.27 To determine the utility of our anti- 
IL13Rα2 antibody (Ab) in the ADC setting, we first examined 
the pharmacokinetics (PK) and biodistribution characteristics 
of this antibody (without the drug load) in nude mice bearing 
IL13Rα2-positive A375 xenograft tumors. Further, 
IL13Rα2-specific tumor targeting was confirmed by in vivo 
blocking experiments. In both sets of experiments, the anti
body was labeled using two methods, near-infrared fluoro
phore AF680 and radioisotope 89Zr chelated via 
deferoxamine (DFO), to enable fluorescence molecular tomo
graphy (FMT) and positron emission tomography (PET) ima
ging, respectively. Both imaging modalities can generate three- 
dimensional longitudinal images, and PET imaging is readily 
translatable to the clinic. Finally, we asked whether the anti- 
IL13Rα2 ADC with auristatin as the cytotoxic payload (PF- 
06473811) exhibited similar pharmacological properties, and 
more importantly, could convey therapeutic efficacy in xeno
graft tumor models.

Results

Conjugation did not affect antigen binding for anti- 
IL13Rα2-Ab-AF680 or anti-IL13Rα2-Ab-DFO

The effect of fluorophore or DFO conjugation on antigen 
binding was accessed by cell binding assay using flow cytome
try. Note that fluorophore and DFO conjugations were done 
separately, and thus the antibody in the research work was not 

double labeled. Both AF680- and DFO-conjugated anti- 
IL13Rα2-Ab showed only a marginal peak shift in the cell 
binding curves (Figure 1(a,b)), and Figure S1A). The mean 
channel intensities for samples incubated with the fluoro
phore- or DFO-conjugated anti-IL13Rα2-Ab were about 60– 
70% of the samples incubated with the unconjugated Ab (data 
not shown). These results were consistent with previous 
reports27 and confirmed that neither AF680 nor DFO conjuga
tion changed the antigen binding properties of the anti- 
IL13Rα2 Ab.

FMT-based biodistribution and PK of anti-IL13Rα2-Ab- 
AF680

Anti-IL13Rα2-Ab-AF680 was injected at 1, 3, and 10 mg/kg 
dose levels in the xenograft-bearing mice, followed by long
itudinal FMT imaging. Representative time-course images of 
the mice from all three dose groups are shown in Figure 2(a,b). 
FMT imaging showed high fluorescence throughout the torso 
at 5 min post-injection (Figure 2a). Timepoints afterward 
showed a gradual reduction in torso and heart fluorescence 
signal. Interestingly, the rate of decrease in fluorescence over 
time was lower as dose increased. For example, the fluores
cence in the low-dose group (1 mg/kg) was very negligible at 
48 h post-injection, whereas significant fluorescence was 
observed in the high-dose group (10 mg/kg) at 240 h post- 
injection (Figure 2a). A three-dimensional (3D) region of 
interest (ROI) around the tumor demonstrated that the uptake 
peaked between 6–48 h for all the dose groups, with gradual 
reduction thereafter (Figure 2b). A dose-dependent higher 
signal was observed in the tumors at later timepoints. The 
quantification of FMT signal for heart, a surrogate for blood 
profile, showed the highest %ID at all timepoints for the 10 mg/ 
kg dose group, and the lowest %ID for the 1 mg/kg dose group, 
suggesting that anti-IL13Rα2-Ab-AF680 was being eliminated 
faster at lower dose levels as compared to higher doses 
(Figure 2c). The heart concentrations also showed a biphasic 
decline at all dose levels, suggesting a rapid distribution phase 
followed by steady elimination phase from blood (Figure 2c). 
At 240 h post-injection, anti-IL13Rα2-Ab-AF680 was only 

Figure 1. Effect of AF680 and DFO conjugation on antigen binding of the anti-IL13Rα2 Ab by flow cytometry. IL13Rα2-expressing A375 cells were incubated with 
8.8-mAb (isotype control), anti-IL13Rα2-Ab, anti-IL13Rα2-Ab-AF680, or anti-IL13Rα2-Ab-DFO, followed by detection with a FITC-labeled secondary Ab. (a) AF680 
conjugation to anti-IL13Rα2-Ab had no impact on A375 tumor cell binding. (b) DFO conjugation to anti-IL13Rα2-Ab had no impact on A375 tumor cell binding. 
Histogram labeling: Green: isotype control 8.8-mAb; Gray: anti-IL13Rα2-Ab; Red: anti-IL13Rα2-Ab-AF680 or anti-IL13Rα2-Ab-DFO.
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detectable in blood in the 10 mg/kg dose group while the other 
two groups were below level of detection. The peak tumor 
uptake (%ID) was observed to be similar at all three dose levels, 
which ranged from 5– 8%ID (Figure 2d) and between 6- and 
48-h post-injection. However, tumor uptake curves showed 

that the rate of elimination from tumors was higher at lower 
doses, as compared to the high-dose group (Figure 2d), 
a phenomenon consistent with heart clearance.

The plasma concentration of anti-IL13Rα2-Ab-AF680 was 
assessed by ligand binding assay. Overall concentration profiles 

Figure 2. In vivo biodistribution and tumor targeting by FMT imaging. (a) noninvasive longitudinal FMT imaging of whole body at 5 min, 3, 6, 24, 48, 96, 168, and 
240 h after injection of anti-IL13Rα2-Ab-AF680 in A375 xenograft-bearing mice at 1, 3, or 10 mg/kg doses. Shown are time course images of one representative mouse 
per group. T – tumor; H – heart; Li – liver; S – spleen; Gi – gastrointestinal tract. (b) Tumor regions of interest (ROIs) demonstrating targeting profile and increased 
fluorescence signal with higher doses. (c-d) In vivo ROI quantitation of heart (c) and tumor (d) uptake (%ID) in various dose groups. (e) Plasma pharmacokinetic profile of 
anti-IL13Rα2-Ab at different doses as evaluated by ligand binding assay. N = 3– 6 mice per group for each time point; data are Mean ± SEM.
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showed biphasic curves with a rapid distribution phase that 
lasted for 24 h, followed by steady elimination from the blood 
(Figure 2e and Table 1). The half-lives for 1, 3, and 10 mg/kg 
dose groups ranged from 3–5 days and clearance ranged from 
0.7–1.3 mL/h/kg (Table 1). The anti-IL13Rα2 Ab does not 
cross-react with mouse IL13Rα2, therefore any effect of antigen 
sink on the PK of this antibody could not be assessed. Of note, 
as shown in Figure S1B, the AF680-labeled anti-IL13Rα2 Ab 
showed similar PK profile to the unlabeled anti-IL13Rα2 Ab 
(parental antibody).

Ex vivo FMT imaging was performed on selected organs 
after whole-body perfusion at 24, 96, and 240 h for all three 
dose groups. Representative images in Figure S2 and fluores
cence quantitation normalized to tissue weight (Figure S3) 
showed accumulation of anti-IL13Rα2-Ab-AF680 in different 
organs. Tumor was the site with the highest uptake at any dose 
level and at all timepoints. The tumor uptake was similar in the 
1- and 3-mg/kg groups and the concentrations remained stable 
at 24 and 96 h, but declined at 240 h. Interestingly, the high- 
dose group showed similar and stable tumor uptake at all three 
timepoints. This could be partly due to saturation of intracel
lular dye degradation pathways at the high dose level. Tumor 
uptake ranged between 8– 12%ID/g at doses of 1 and 10 mg/kg. 
However, tumor uptake was observed to be slightly higher (18– 
23%ID/g) at 3 mg/kg, as compared to other dose levels. Among 
the other organs evaluated, liver showed uptake between 2– 7% 
ID/g across the three dose levels at 24 h. No significant uptake 
was observed in other organs in the 1 and 3 mg/kg groups, 
whereas low uptake was observed in the 10 mg/kg group in 
spleen, kidneys, and lungs (Figure S3).

Biodistribution of 89Zr-DFO-anti-IL13Rα2-Ab by PET/CT 
Imaging

Since FMT is limited to preclinical imaging, we performed 
a biodistribution study of the anti-IL13Rα2 Ab by PET, 
a clinically translatable imaging modality, after labeling with 
89Zr-DFO. In vitro cell binding assessment demonstrated simi
lar binding between DFO-conjugated anti-IL13Rα2-Ab and 
the unconjugated parental antibody. Additionally, an immuno- 
reactivity (IR) QC assay with 89Zr-DFO-anti-IL13Rα2-Ab 
demonstrated 85% IR in the IL13Rα2-expressing A375 cells 
compared to a background-level 20% IR in the 
IL13Rα2-negative H460 cells, confirming unaffected antigen 
binding. To evaluate in vivo biodistribution, 89Zr-DFO-anti- 
IL13Rα2-Ab (3 mg/kg) was injected into A375 tumor-bearing 
mice followed by longitudinal PET/CT imaging, which showed 
diffused distribution of radioactivity throughout the animal at 

4 h post-injection, followed by a continued reduction in later 
timepoints (Figure 3a). The tumor, however, showed 
a sustained level of activity, with an uptake of 9.23%ID/g at 4 
h post-injection, which increased over time and peaked at 96 h 
at 19.84%ID/g (Figure 3b), a value similar to FMT quantitation 
(Figure S3B). As observed with FMT and the ligand binding 
assay, the heart concentrations from PET quantitation also 
showed a biphasic decline (21.87%ID/g at 4 h versus 7.47% 
ID/g at 96 h), suggesting rapid distribution into tissues until 
24 h, followed by steady elimination from blood (Figure 3b). 
Additionally, we collected blood and measured the activity ex 
vivo in a gamma counter as a surrogate for blood PK 
(Figure 3c). The blood profile recapitulated the biphasic profile 
of the heart uptake in vivo (Figure 3b), and the blood PK 
assessed using anti-IL13Rα2-Ab-AF680 (Figure 2e).

We quantified the uptake of 89Zr-DFO-anti-IL13Rα2-Ab in 
tumor and selected tissues (brain, heart, lungs, kidneys, liver, 
and spleen) ex vivo by gamma counting at 24- and 264 h post- 
injection (Figure S4). As observed by FMT, tumor was the 
major tissue for accumulation with 10.05%ID/g at 24 and 
8.5%ID/g at 264 h. Liver, spleen, and kidneys were the main 
sites for nonspecific accumulation and clearance. There was no 
major difference in the amount of accumulation between 24 
and 264 h among these tissues. Although there was signal 
observed in blood, heart, and lungs at 24 h, the signal drasti
cally decreased by 264 h. No significant signal was observed in 
the brain at either 24 or 264 h after probe injection. 
Interestingly, we observed an increased localization of signal 
to the joints toward the later timepoints. This can be Zr-related 
artifact, nonspecific to IL13Rα2 expression. Free Zr ions and 
small metabolites containing Zr are known to distribute to the 
bone, and, in particular, areas with high bone remodeling 
activities such as joints.28,29

Tumor-specific targeting of anti-IL13Rα2-Ab-AF680 and 
89Zr-DFO-anti-IL13Rα2-Ab

To test tumor-specific uptake and retention of the anti- 
IL13Rα2 Ab, mice were pre-injected with 10– 30 molar excess 
of unlabeled competing anti-IL13Rα2-Ab or non-competing 
isotype control Ab. The baseline group received either phos
phate-buffered saline (PBS) (in the FMT study) or no treat
ment at all (in the PET study). This was followed by the 
administration of 3 mg/kg anti-IL13Rα2-Ab-AF680 for FMT 
imaging or 89Zr-DFO-anti-IL13Rα2-Ab for PET imaging. 
Figure 4a shows representative FMT images for tumor accu
mulation of anti-IL13Rα2-Ab-AF680 at different timepoints, 
which was comparable at initial timepoints in all three groups, 
likely due to significant levels of probe circulating in the blood. 
However, at 24 h post-injection, the fluorescence signal in the 
anti-IL13Rα2-Ab competing group was lower compared to the 
non-competing isotype control group or the PBS group 
(Figure 4a). Ex vivo FMT quantitation revealed a significant 
reduction in anti-IL13Rα2-Ab-AF680 uptake in the competing 
antibody group (10.84%ID/g) compared with PBS (17.99%ID/ 
g) or the non-competing isotype control (17.66%ID/g) 
(Figure 4b). Corroborating the FMT results, PET imaging 
also demonstrated that accumulation of 89Zr-DFO-anti- 
IL13Rα2-Ab could be blocked by competing unlabeled anti- 

Table 1. Non-compartmental analysis parameters for the anti-IL13Rα2 Ab at 1, 3, 
and 10 mg/kg.

Dose (mg/kg)
t½ 
(h)

AUC 
(h.µg/mL)

Cl 
(mL/h/kg)

Anti-IL13Rα2-Ab-AF680 1 80 663 1.34
Anti-IL13Rα2-Ab-AF680 3 63 1924 1.46
Anti-IL13Rα2-Ab-AF680 10 125 10,462 0.71

The PK parameters were determined from plasma concentrations of anti-IL13Rα2 
-Ab-AF680 at different timepoints obtained at three dose levels: 1, 3, and 
10 mg/kg. Non-compartmental analysis was performed using software 
WinNonlin®.
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Figure 3. In vivo biodistribution and tumor targeting by PET/CT imaging. (a) In vivo PET/CT imaging was performed in A375 tumor-bearing mice at 4, 24, 48, 96, and 
168 h after injection of 89Zr-DFO-anti-IL13Rα2-Ab. Maximum Intensity Projection (MIP) images shown here represent whole-body biodistribution and tumor targeting at 
different timepoints. T – tumor; H – heart; Li – liver. (b) Quantitative profiling of tumor and heart uptake in vivo showing accumulation in tumor and clearance from 
heart. Here we use heart as a surrogate for evaluating probe distribution in blood. (c) Ex vivo blood quantitation by gamma counting showing biphasic clearance over 
time. N = 3– 6 mice per group for each timepoint; data are Mean ± SEM.

Figure 4. Pharmacological competition showcases antigen specificity of the anti-IL13Rα2 Ab. (a) Representative in vivo FMT images with tumor ROIs at 5 min, 6, 
and 24 h after injection of anti-IL13Rα2-Ab-AF680 (3 mg/kg) with PBS or pretreatment of 30 mg/kg unlabeled isotype control 8.8-mAb or unlabeled anti-IL13Rα2-Ab in 
the A375 xenograft model. (b) Ex vivo quantification of tumor signal (%ID/g) at 24 h. (c) Representative in vivo PET/CT images (MIP) at 24 h after injection of 89Zr-DFO- 
anti-IL13Rα2-Ab (3 mg/kg) without pretreatment (a), or with pretreatment of 30× excess cold isotype control 8.8-mAb (b), or cold anti-IL13Rα2 Ab (c) in the A375 
xenograft model. Top panel: coronal view; bottom panel: axial multiplanar reconstruction view. (d) Ex vivo gamma counting quantification of tumor uptake. N = 3– 5 
mice per group; *, p-value < 0.05; data are Mean ± SEM.
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IL13Rα2-Ab, but not the non-competing isotype control Ab 
(Figure 4c). Ex vivo biodistribution by gamma counting also 
demonstrated a 34% reduction in tumor uptake in the compe
tition group compared to the non-competing isotype group or 
the no-pretreatment group (%ID/g: 6.95 versus 10.14 or 10.34, 
respectively; Figure 4d). Overall, pharmacological competition 
studies with FMT and PET imaging consistently demonstrated 
the antigen-specific tumor targeting of anti-IL13Rα2-Ab.

Tumor targeting by anti-IL13Rα2-ADC

After observing the favorable PK profile and antigen-specific 
uptake of the anti-IL13Rα2 Ab, we next evaluated the biodis
tribution and tumor uptake of our anti-IL13Rα2 ADC before 
evaluating the anti-tumor efficacy in vivo. The antibody arm of 
anti-IL13Rα2-ADC was conjugated to AF680 to enable FMT 
imaging in mice. Prior to performing in vivo studies, the effects 
of fluorophore conjugation on the ADC’s antigen binding and 
cytotoxic activity was evaluated by flow cytometry and cyto
toxicity assay, respectively. AF680 conjugation showed no 

effect on the ADC’s binding to A375 cells (Figure S5). 
Cytotoxicity assay showed an IC50 of about 0.1 µg/ml 
(0.7 nM) with anti-IL13Rα2-ADC, as well as anti-IL13Rα2 
-ADC-AF680, suggesting no change in cytotoxic potential of 
ADC due to fluorophore conjugation. The anti-IL13Rα2 Ab or 
anti-IL13Rα2-Ab-AF680 did not have any cytotoxicity 
(Figure 5a).

To evaluate and compare biodistribution, anti-IL13Rα2 
-ADC-AF680 and anti-IL13Rα2-Ab-AF680 were intravenously 
administered to A375 xenograft-bearing mice at a dose of 
3 mg/kg and imaged longitudinally by FMT. There was no 
difference in the whole-body profile of the AF680-labeled 
ADC and Ab (data not shown). The representative FMT 
images of tumor ROIs in Figure 5b show accumulation as 
early as 6 h post-injection for both the Ab and the ADC. 
Interestingly, the signal in the anti-IL13Rα2-ADC-AF680 
group decreased dramatically after 96 h compared to its Ab 
counterpart. Fluorescence quantification of tumors showed 
that anti-IL13Rα2-ADC-AF680 signal peaked between 6–24 h 
post-injection, followed by a steep decline (Figure 5c), whereas 

Figure 5. Tumor targeting and PK of the anti-IL13Rα2-ADC. (a) Evaluation of the cytotoxic potential of anti-IL13Rα2-ADC after conjugation with fluorophore AF680 
using cell cytotoxicity assay. Anti-IL13Rα2-Ab and IL13Rα2-Ab-AF680 were used as negative controls. (b) Comparison of tumor targeting of anti-IL13Rα2-Ab-AF680 and 
anti-IL13Rα2-ADC-AF680 in the A375 xenograft model. Mice were administered with anti-IL13Rα2-Ab-AF680 and anti-IL13Rα2-ADC-AF680 at 3 mg/kg via IV injection, 
and longitudinal FMT imaging was performed. Highlighted are tumor ROIs. (c) Quantitation of anti-IL13Rα2-Ab-AF680 and anti-IL13Rα2-ADC-AF680 tumor uptake from 
FMT images at different timepoints. (d) Plasma concentrations of anti-IL13Rα2-Ab-AF680 and anti-IL13Rα2-ADC-AF680 were measured by ligand binding assay to 
compare pharmacokinetic profiles of Ab and the ADC. N = 3– 5 per group; data are Mean ± SEM.
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anti-IL13Rα2-Ab-AF680 reached the peak tumor uptake 
between 6–48 h, followed by a gradual decline (Figure 5c). 
Interestingly, maximum tumor uptake for anti-IL13Rα2-ADC- 
AF680 was observed to be about 15%ID, as opposed to 6%ID 
for the anti-IL13Rα2-Ab-AF680 (Figure 5c). This increased 
accumulation was short-lived and the ADC accumulation in 
tumor decreased drastically after 48 h. These observations 
demonstrated the differential tumor uptake kinetics for the 
Ab and ADC, which is likely attributed to the tumor killing 
property of the ADC and the differences in tumor volumes 
between the groups. The ADC-treated tumors were regressing, 
and their overall retention of the probe decreased. 
Consistently, ex vivo tumor quantification at 240 h showed 
accumulation of about 3%ID for anti-IL13Rα2-Ab-AF680, 
whereas anti-IL13Rα2-ADC-AF680 showed only about 0.4% 
ID (data not shown). Finally, we compared the plasma PK 
profile for anti-IL13Rα2-ADC-AF680 and anti-IL13Rα2-Ab- 
AF680. Although the ADC curve was slightly lower than the 
Ab curve, no major difference in Ab and ADC profile was 
observed (Figure 5d).

Anti-tumor efficacy of anti-IL13Rα2-ADC

A375 xenograft tumors were treated with vehicle, isotype 
control-ADC (3 mg/kg), or anti-IL13Rα2-ADC (three doses: 
0.3, 1.0, and 3.0 mg/kg; all doses were administered every 
4 days (q4d) × 4 on days 0, 4, 8, and 12) when they reached 
~330 mm3. Mice treated with vehicle started to reach max
imum tumor size by day 13, while those treated with the 
isotype control ADC or the low-dose anti-IL13Rα2-ADC 
started to reach the limit by day 19 (Figure 6a). In sharp 
contrast, the 1 or 3 mg/kg anti-IL13Rα2-ADC groups showed 
significant reduction in tumor size and were monitored for 
longer durations. The % T/C (Tumor/Control; a ratio com
paring tumor size of treated groups to the vehicle control) 
on day 13 for the 1 and 3 mg/kg dose groups was 8% and 3%, 
respectively, demonstrating significant tumor growth inhibi
tion. Figure 6(b,c,d,e) show the tumor growth curves for 
individual mice from each group versus the vehicle control 
to demonstrate the complete regressors (CRs) and long-tern 
regression. The mice without measurable tumors or with 
tumors smaller than 2 mm in the largest dimension were 

Figure 6. In vivo efficacy of the anti-IL13Rα2 ADC in the A375 xenograft model. A375 tumor-bearing animals were randomized when their tumors reached an 
average of 330 mm3 in size and treated with vehicle, isotype control 8.8-mAb-ADC (3 mg/kg), or the anti-IL13Rα2 ADC (0.3, 1.0 and 3.0 mg/kg) in a q4d × 4 treatment 
schedule. (a) Tumor growth inhibition curves demonstrate a dose response in anti-tumor effect with anti-IL13Rα2-ADC. A significant difference in tumor volume was 
observed in the 1 and 3 mg/kg groups compared to Vehicle on day 14 when the vehicle group animals were euthanized. Tumors treated with 8.8-mAb-ADC (3 mg/kg) 
and anti-IL13Rα2-ADC (0.3 mg/kg) were not statistically different on day 14, compared to the vehicle group. (b) Spaghetti plot shows no difference in tumor growth 
curves between mice treated with Vehicle and 8.8-mAb-ADC. (c) Spaghetti plot shows no difference in tumor growth curves between mice treated with Vehicle and 
anti-IL13Rα2-ADC at 0.3 mg/kg, although one treated mouse showed a complete response (CR). (d) Spaghetti plot showed a significant difference in tumor growth 
curves between mice treated with anti-IL13Rα2-ADC at 1.0 mg/kg, with 4 CRs, and Vehicle. (e) Spaghetti plot showed a significant difference in tumor growth curves 
between mice treated with anti-IL13Rα2-ADC at 3.0 mg/kg, with 9 CRs, and Vehicle. **, p-value < 0.001. N = 9– 10 per group.
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considered as complete regressors. The 10 animals receiving 
isotype control-ADC had 0 CRs, whereas the anti-IL13Rα2 
-ADC groups showed a dose-dependent effect with 1/10, 3/10 
and 9/10 CRs, respectively (Figure 6(b,c,d,e)). Interestingly, 
anti-IL13Rα2-ADC at 1 mg/kg initially showed tumor regres
sions in all mice with 6 mice achieving a CR until study day 
22, but three of those mice subsequently had tumor growth 
(Figure 6d). These results demonstrated the ability of anti- 
IL13Rα2-ADC in inducing long-term regression of melanoma 
xenograft tumors in an antigen-specific manner, despite 
a short 12-day course of treatment.

Discussion

We have previously shown that FMT imaging aids understand
ing of the three pillars of drug development: targeting/distribu
tion, binding to the target, and the expression of 
pharmacology.30,31 In this study, we again used FMT to 
demonstrate that the anti-IL13Rα2 Ab was able to target 
IL13Rα2-expressing tumors, exhibited favorable PK character
istics that are consistent with full-length antibodies, and that 
anti-IL13Rα2-ADC with an auristatin payload exhibited 
in vitro and in vivo anti-tumor activity. Since FMT is restricted 
to use in preclinical imaging, we also studied the biodistribu
tion and tumor targeting of anti-IL13Rα2-Ab by PET imaging, 
a modality that is readily translatable to the clinic.

Biodistribution studies by noninvasive imaging suggested 
that anti-IL13Rα2-Ab initially stayed in the blood pool, as 
reflected by the heart and vena cava uptake at the early time
points (within the first day); it then gradually distributed to the 
target site, with the tumor uptake reaching a plateau at around 
3–4 days post injection. Remarkably, probe uptake at the 
tumor site maintained at a high level throughout the study 
until 7–10 days post-injection, whereas activity in the rest of 
body was gradually eliminated via the hepatic route. This 
suggests that anti-IL13Rα2-Ab was being actively retained at 
the tumor. It is possible that free Zr or Zr-containing metabo
lites may be contributing to the persistent tumor signals. 
However, we do not expect this to be the main reason, as 
signals gradually decreased for the rest of the body.

Ex vivo FMT imaging of organs indicated saturable PK for 
anti-IL13Rα2-Ab-AF680. When the FMT signal was compared 
for the three doses for tumor (%ID/g), the 3 mg/kg dose 
showed the highest uptake at early timepoints, whereas the 
absolute signal in tumor and whole body increased with dose. 
This suggested a saturable uptake of anti-IL13Rα2-Ab-AF680 
in tumors between a dose of 3 and 10 mg/kg. Although there 
are a few examples of nuclear imaging techniques used for 
kinetic modeling,32,33 this study demonstrated the potential 
of FMT to capture PK characteristics of a biologic. However, 
the potential impact of antigen sink on plasma PK could not be 
assessed, as the anti-IL13Rα2 Ab does not cross-react with 
mouse IL13Rα2.

Pharmacological competition experiments with cold 
competing and non-competing isotype control antibodies 
further substantiated the notion that the tumor uptake of 
anti-IL13Rα2-Ab was at least partially attributed to anti
gen-specific binding. Large molecules like an antibody 
must bypass sequential barriers and passively diffuse 

through the tumor vasculature before encountering the 
tumor antigen. The residual uptake observed in the com
petition group is likely due to nonspecific distribution of 
the antibody as a result of the enhanced permeability and 
retention at the tumor site.34,35 Of note, no difference was 
found in the whole-body fluorescence or in non-target 
organs (e.g., the heart) among the three groups in the 
FMT competition study. This suggests that the differential 
tumor uptakes in the PBS, isotype control, and competi
tion antibody groups were not an artifact from differences 
in total probe availability. Taken together, these findings 
indicate that anti-IL13Rα2-Ab was able to localize to the 
IL13Rα2-expressing A375 tumor site in an antigen-specific 
manner, and this accumulation was persistent over the 
course of 7–10 days, supporting the desired exposure of 
anti-IL13Rα2-ADCs. We acknowledge that the experimen
tal system used here consisted of non-human 
IL13Rα2-expressing NSG mice, human 
IL13Rα2-expressing xenograft tumors, and an antibody 
that does not cross-react with murine IL13Rα2. In this 
contrived model, therefore, we were unable to study any 
on-target off-site distribution or side effect of our antibody 
or ADC, respectively.

Both FMT and PET are 3D tomographic modalities that are 
suitable for assessing the temporal and spatial distribution of 
large-molecule biologics such as antibodies, ADCs, and nano
particles, provided that the labeling of the probe is validated. 
We previously showcased the potential of FMT imaging in 
such settings.27,36 Meanwhile, although several groups have 
explored the utility of hybrid or fusion technologies with co- 
registered optical imaging and nuclear medicine imaging such 
as PET and SPECT, the literature is relatively scarce in the 
direct cross-validation of FMT and PET.37–40 Using 
a nanoparticle imaging probe containing both18F and a far- 
red fluorophore, VT680, Nahrendorf et al. demonstrated good 
correlation between FMT and PET in measuring probe con
centration and distribution.37 Here, we provided further evi
dence that the two imaging modalities were well correlated and 
yielded comparable biodistribution and competitive pharma
cology results. It is important to understand some of the merits 
and limitations of these two imaging modalities in study design 
and data interpretation, as summarized in Table S1 and 
detailed below.

Corroborating a previous report,39 in our laboratory the 
in vivo PET/ex vivo gamma counting workflow appeared to 
be more sensitive, and it possesses a higher signal-to-noise 
ratio (SNR) than FMT-mediated in vivo and ex vivo quantifica
tions. The differential activities in the low-uptake organs (kid
ney, lung, spleen, and brain) were successfully distinguished in 
the PET experiment, but not in FMT. This could be attributed 
to the relatively low inherent SNR for AF680 imaging with 
confounding autofluorescence, which makes it particularly 
challenging for organs with a smaller mass to be detected 
above the background.41 Liver, a larger organ, was not as 
severely affected. Additionally, we found that the terminal 
(day 10 or 11) tumor uptake was higher in the PET/gamma 
counting quantification than in FMT. This could be attributed 
to the differential behaviors of the labeling (89Zr or AF680 
fluorophore) of the antibody. 89Zr is a known residualizing 
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radionuclide that is trapped inside the cell following 
internalization,35 leading to signal that reflects accumulation 
over time. While AF680 and other cyanine dyes have been 
shown to have greater cellular residualization rates than other 
fluorophores (half-life > 24 h), they are still susceptible to 
structural disruption in the lysosome and the resultant loss of 
fluorescence.42 Thus, the fluorophore signal detected may only 
be reflecting a snapshot of the antibody amount in the tissues at 
that time. An additional technical disparity is that PET, 
coupled with co-registered CT imaging, was able to generate 
quantitative data with accurate companion volumetric mea
surement of the organ or ROI. FMT, on the other hand, was 
unable to precisely calculate the volume of ROIs due to the lack 
of an accompanying anatomical imaging module. As a result, 
the in vivo biodistribution data in the FMT experiment were 
presented as %ID instead of %ID/g or %ID/cm.3 Other well- 
recognized advantages of PET imaging include high sensitivity 
and clinical translatability.40 However, the initial barrier of 
setting up the PET lab and infrastructure to be compliant 
with radiation safety and licensing requirements could be 
arduous, costly, and time consuming. Radioactive isotopes, 
radiolabeling, and quality control of the probe could also add 
to the expense for each study. To this end, FMT serves as a less 
demanding surrogate that still produces high-quality 3D ima
ging data and is therefore particularly useful in proof-of- 
concept and probe validation studies. An additional advantage 
of fluorescent labeling and FMT imaging is that, once labeled, 
the probe is not subject to radioactive decay. This allows longer 
shelf-life and greater logistic flexibility.

To evaluate the efficacy of anti-IL13Rα2-ADC, we con
jugated the antibody with an auristatin-based cytotoxic 
agent (payload). Auristatin is an anti-mitotic agent which 
inhibits tubulin polymerization and arrests the tumor cell 
proliferation at G2-M phase of cell cycle.43,44 The antibody 
was conjugated to the payload via a peptide cleavable 
maleimidocapronic-valinecitruline-p-aminobenzyloxycar
bonyl (vc) linker. This cleavable linker is known to release 
the cytotoxic payload only after internalization and traf
ficking into the intracellular vesicles which contain cathe
psin B and thus reduce any systemic cytotoxicity.45 Indeed, 
when we evaluated the anti-tumor efficacy in vivo we 
observed a dose-dependent long-term regression for up 
to 100 days. We observed some complete regression of 
tumors in all the doses tested, compared to none with 
the isotype control-ADC, although the number of com
plete regressors was also dose-dependent. Although there 
have been several efforts to therapeutically target IL13Rα2 
for cancer,23,46,47 this is the first study showcasing the PK, 
targeting, and anti-tumor efficacy of an anti-IL13Rα2 
ADC.

Taken together, both FMT and PET imaging corroboratively 
showed a favorable pharmacological profile of anti-IL13Rα2-Ab, 
which demonstrated persistent and antigen-specific tumor tar
geting in vivo. Further, anti-IL13Rα2-ADC exhibited desirable 
PK profile and excellent therapeutic efficacy in the A375 xeno
graft model. This work shows the great promise of anti-IL13Rα2 
-ADC as a targeted cancer therapeutic. Further studies are 
needed to evaluate its safety and therapeutic index before clinical 
evaluation.

Materials and methods

Ethics statement

All animal-related procedures in this study were performed in 
accordance with established guidelines and protocols approved 
by Pfizer Institutional Animal Care and Use Committee.

Reagents

The anti-IL13Rα2 Ab (IL13Rα2-AB08-v1010-hG1) and anti- 
IL13Rα2-ADC (IL13Rα2-AB08-v1010-hG1-(C) 
mcValCitPABC_Aur-06380101; PF-06473811) were generated 
within Pfizer Inc. The fluorophore, AlexaFluor680® (AF680), 
was obtained from Life Technologies (Carlsbad, CA). Anti- 
human FITC-conjugated secondary antibody against human 
IgG was obtained from Thermo Fisher Scientific Inc. 
(Waltham, MA; #31,529); BIOT Sheep anti-hIgG pAb and 
AlexaFluor647® Goat anti-hIgG were obtained from Binding 
Site (San Diego, CA; #AU003) and Bethyl Labs (Montgomery, 
TX; #A80-319), respectively.

Cell culture

The A375 human melanoma cell line (ATCC® CRL-1619™) was 
obtained from the ATCC (Manassas, VA) and was cultured 
according to ATCC’s instructions. Briefly, A375 cells were 
cultured in DMEM (Gibco Life Technologies; #2017-01), sup
plemented with 10% fetal bovine serum (GE Healthcare Life 
Sciences; #SH30088) and 1% pen/strep (Gibco Life Sciences) in 
a 37°C incubator with 5% CO2. All experiments were per
formed before the cell lines reached passage 15.

Antibody and ADC labeling with AF680

The conjugation procedure for the fluorophore has been 
described earlier.27 Briefly, anti-IL13Rα2-Ab or anti-IL13Rα2 
-ADC was incubated for 2 h in dark with AF680 in the labeling 
buffer provided by manufacturer (Perkin Elmer Corporation, 
Waltham, MA) followed by purification of the conjugates using 
ZebaTM Spin desalting columns (Thermo Fisher Scientific 
Inc., Waltham, MA). Degree of labeling (DOL) was determined 
by HPLC-MS to be 1.7 (Figure S6A; Table S2). Additional 
measurement by spectrophotometry (NanodropTM 1000, 
Thermo Fisher Scientific Inc., Waltham, MA) confirmed 
a DOL lower than 3. Further, the purity of the conjugated 
products was assessed by size exclusion chromatography 
(SEC). All species showed excellent purity of >99% (method 
described in Figure S6B; Table S2).

Antibody-labeling with DFOs and 89Zr

DFO conjugation and radiolabeling were performed by 
IsoTherapeutics Group, LLC (Angleton, TX). The anti- 
IL13Rα2 Ab was conjugated with P-SCN-Bn-Deferoxamine 
(DFO) by incubating 2 mg of Ab and 3 molar excess of DFO 
(DFO was dissolved in dimethyl sulfoxide) at pH 9.1, 37°C, for 
1.5 h. Purification was done on a PD10 Column (6 kDa SEC 
Column) eluted with 0.1 M HEPES. The conjugation product 
was estimated to have a 1:1 DFO-to-antibody ratio. 89Zr 
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chelation was performed at pH 6.5– 7.0 under room tempera
ture for 1.5 h. The target-specific activity was 1.3 mCi/mg 
calibrated to time of injection. Purification was performed 
using a 30 kDa Amicon® filter and transferred to a final 2 mL 
glass vial for transportation.

Cell binding flow cytometry

A375 cells were plated in six-well plates and incubated over
night at 37°C. The following day, an isotype control Ab 
(8.8-mAb), anti-IL13Rα2-Ab, anti-IL13Rα2-Ab-AF680 or anti- 
IL13Rα2-Ab-DFO were added to the cells at 250 ng/mL (or 
indicated concentrations). After 2 h incubation at 37°C, the 
cells were washed and further incubated with FITC-conjugated 
anti-human secondary Ab for 1 h at 37°C. The cells were 
washed and analyzed using MACS Quant Analyzer® (Miltenyi 
Biotec, San Diego, CA). Fluorescence intensity (peak shift) and 
the mean channel intensities for FITC were determined to 
compare the cell binding properties of the parental and con
jugated Abs.

Cell cytotoxicity assay for anti-IL13Rα2-ADC and 
fluorophore conjugates

The in vitro efficacy of ADC before and after fluorophore 
conjugation was measured by cell cytotoxicity assay in A375 
cell line using CellTiter-Glo® Luminescent Cell Viability Assay. 
Approximately 5000 cells/well were seeded overnight in a 96- 
well plate followed by treatment with varying concentrations 
(0–10 µg/mL) of unconjugated or fluorophore-conjugated ant- 
IL13Rα2-Ab or anti-IL13Rα2-ADC. After 96 h of treatment, 
CellTiter-Glo® reagent was added to each well as per manufac
turer’s instructions. Cell viability was measured as lumines
cence signal after 10 min incubation using a Spectramax® plate 
reader. The assay was repeated at least twice with triplicates/ 
concentration.

Immuno-reactivity assay for quality control of the 
radiolabeled antibody

A cell-based QC assay was conducted to verify target binding of 
anti-IL13Rα2-Ab after DFO conjugation and 89Zr radiolabel
ing. A trace amount (1 µg) of 89Zr-DFO-anti-IL13Rα2-Ab was 
incubated with a pair of antigen-positive and -negative cell 
lines. Following 45–60 min of incubation at room temperature 
with rotation, the cells were washed twice with PBS and the 
supernatants from both washes were combined. Radioactivity 
(in Counts Per Minute, CPM) in the cell pellet versus super
natant portions were then determined by gamma counting. 
The Immuno-Reactivity (IR) of the probe in each cell line 
was then calculated as: IR = CPM (Pellet)/[CPM (Pellet) + 
CPM (Sup)] × 100%. The oversaturating amount of IL13Rα2 
expressed on A375 cells was anticipated to sequester the radio
active probe. So, if antigen binding was preserved after radi
olabeling, no less than 70% of radioactivity was expected to be 
captured by the cell pellet. In contrast, when incubating with 
cells (H460) that do not express IL13Rα2, or if the binding was 
destroyed, no more than background levels (less than 30%) of 
radioactivity should be taken up by the cells. In this assay, over 

80% of radioactivity was captured by A375 cell pellet and less 
than 20% of radioactivity was captured by H460 cell pellet, 
suggesting 89Zr-DFO-anti-IL13Rα2-Ab did not lose binding 
ability after 89Zr-DFO conjugation.

A375 xenograft development

The biodistribution, tumor targeting of anti-IL13Rα2-Ab and 
anti-IL13Rα2-ADC were evaluated in the A375 xenograft 
model, which was established as previously described.27 

Briefly, 2 × 106 A375 cells in 50% Cultrex basement membrane 
extract (R&D Systems, Minneapolis, MN, #3432-005) were 
injected subcutaneously in the flank of athymic nu/nu mice 
(Charles River Labs, Wilmington, MA) for FMT imaging or in 
the upper right shoulder for PET/CT imaging. Tumors were 
measured at least twice/week with a Vernier caliper (Mitutoyo, 
Aurora, Illinois) and tumor volume was calculated as width × 
width × length/2. The mice were enrolled into the study when 
tumors reached an average size of 200– 500 mm3. All test 
agents were injected intravenously (IV).

In vivo FMT imaging of anti-IL13Rα2-Ab-AF680 and anti- 
IL13Rα2-ADC-AF680

FMT imaging and quantification were performed as described 
before.27,36 Briefly, fluorophore-conjugated Ab or ADC were 
administered IV at indicated doses. Animals were anesthetized 
using 1– 3% isoflurane, placed in the FMT cassette and in vivo 
whole-body imaging was performed using the FMT4000® 
(Perkin Elmer Corporation, Waltham, MA) at selected time
points. For ex vivo imaging, the mice were anesthetized with 
isoflurane and euthanized by whole-body perfusion with saline 
at 24, 96, and 240 h post-injection and brain, tumor, heart, 
lungs, kidneys, liver, and spleen were imaged ex vivo. FMT data 
were analyzed and quantitated using the TrueQuant™ software. 
Serial blood sampling was performed for each mouse to obtain 
plasma to quantitate Ab or ADC using ligand binding assay as 
described.48

Pharmacological competition by FMT imaging

Tumor-bearing mice were randomized in three groups to 
receive PBS, unlabeled isotype control antibody (30 mg/kg), or 
unlabeled anti-IL13Rα2-Ab (30 mg/kg). Three hours later, all 
groups were injected with anti-IL13Rα2-Ab-AF680 at 3 mg/kg. 
All mice were imaged longitudinally using FMT and the data 
were quantified to assess target specific uptake in the tumor.

Ligand binding tissue PK assay

The Ab and ADC concentrations in blood samples were quan
titated using the Gyrolab™ workstation as described before.27 

Briefly, the test compounds in blood samples were captured 
using biotinylated sheep anti-human IgG (100 µg/mL), fol
lowed by detection with goat anti-human IgG AlexaFluor647® 
(5 µg/mL). The data was analyzed using the Watson v7.4 LIMS 
system (Thermo Fisher Scientific Inc., Waltham, MA) and the 
PK parameters were calculated using noncompartmental ana
lysis on WinNonlin® 8.1 (Certara USA, Inc., Princeton, NJ).
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In vivo PET/CT imaging and analysis

A375 tumor-bearing mice were enrolled in the PET imaging 
studies as described before in the FMT imaging methods sec
tion. Mice were injected with 3 mg/kg (~ 60 µg, ~ 80 µCi) of 
89Zr-DFO-anti-IL13Rα2-Ab. Animals in the competition 
groups received 30-fold excess of cold isotype control or par
ental anti-IL13Rα2-Ab 3 h prior to probe injection. Animals 
were imaged using a G8 PET/CT small-animal scanner (Perkin 
Elmer/Sofie Biosciences). Static PET/CT images were acquired 
with 10- or 20-min scan time based on the amount of remain
ing activity at the timepoint and reconstructed using a vendor- 
provided 3D ML-EM reconstruction protocol at 1.4 mm reso
lution. Following the PET scan at each timepoint, a co- 
registered microCT scan was acquired using these parameters: 
50 kVp, 200 µA, and 200 microns on a step-and-shoot (5 
degrees/step). PET values were decay- and attenuation- 
corrected per vendor-supplied algorithm. The VivoQuant™ 
software (inviCRO LLC., Boston, MA) was used for visualiza
tion and quantification of tracer uptake. Circular 3D ROIs were 
drawn manually on the whole-body microCT images for tumor 
and heart. PET signal was calculated in the unit of percentage 
of injected dose per gram (%ID/g) with the assumption that 
a cm3 equals a gram of tissue.

Ex vivo gamma counting of tissues and blood

At 24 and 264 h, mice were euthanized and tumor, lung, spleen, 
brain, heart, kidneys, liver, quadriceps muscle, and blood (via 
cardiac puncture) were collected for ex vivo quantitation by 
gamma counter (WIZARD2-2480, Perkin Elmer, Waltham, 
MA). Radioactivity was determined and %ID/g was calculated 
after decay correction. Blood (8 µL) was also collected by tail 
nick at 2 min, 4, 8, 24, 48, 96, 168, and 264 h post probe 
administration to determine the radioactivity in the blood.

Tumor growth inhibition by anti-IL13Rα2-ADC

Xenografts were developed by implanting 8 × 106 A375 cells in 
50% Matrigel (BD Biosciences, Franklin Lakes, NJ) and 50% 
growth media in 8-week-old female athymic nu/nu mice. 
Tumors were measured at least twice/week and mice were 
randomized into study groups when mean tumor volume 
reached 330 mm3. Mice were dosed IV on a q4d × 4 schedule 
with either PBS (Thermo Fisher Scientific, Waltham, MA; as 
vehicle), isotype control-ADC (8-8-hG1-(C) 
_mcValCitPABC_Aur-06380101; PF-06645272) at 3 mg/kg, 
or anti-IL13Rα2-ADC (IL13Rα2-AB08-v1010-hG1-(C) 
_mcValCitPABC_Aur-06380101; PF-06473811) at 0.3, 1, and 
3 mg/kg. Tumor sizes were monitored until the tumors reached 
protocol-defined endpoint or until 100 days post-treatment. 
The drug-to-antibody ratios (DAR) were determined by 
HPLC-MS to be 3.2 and 3.7 for the anti-IL13Rα2 and isotype 
control ADCs, respectively (Figure S6C;Table S2).

Statistical analysis

Statistical analyses were performed using Prism 7.0 (GraphPad 
software Inc., San Diego, CA, USA). Results were represented 

as mean ± S.E.M with at least n = 3/group. Tumor and heart 
uptake data from ROI analysis and biodistribution/gamma 
counting were tested by One-way ANOVA followed by post- 
hoc Tukey Test (α = 0.05) and/or Student's t-test.
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Abbreviations:

Abbreviations Meaning

3D 3-dimensional
Ab antibody
ADC antibody-drug conjugate
AP-1 activator protein 1
AUC area under the curve
Cl clearance
CPM counts per minute
CR complete regressor
CT computed tomography
DAR drug-to-antibody ratio
DFO deferoxamine
DOL degree of labeling
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Abbreviations Meaning

FMT fluorescence molecular tomography
HC heavy chain
HPLC-MS high performance liquid chromatography–mass spectrometry
IC50 half-maximal inhibitory concentration
ID injected dose
ID/g injected dose per gram
IL13 interleukin 13
IR immuno-reactivity
IV intravenous, intravenously
JAK janus kinases
LC light chain
mAb monoclonal Ab
MAPK mitogen-activated protein kinase
MIP Maximum Intensity Projection
PBS phosphate-buffered saline
PET positron emission tomography
PK pharmacokinetics
PKB protein kinase B
q4d every 4 days
QC quality control
R receptor
ROI region of interest
SEC size exclusion chromatography
SEM standard error of the mean
SNR signal-to-noise ratio
SPECT single photon emission computed tomography
STAT signal transducer and activator of transcription proteins
T/C Tumor/control
t1/2 half-life
TGF transforming growth factor
TNF tumor necrosis factor
Zr zirconium
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