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Abstract: Aberrant expression of the RON receptor tyrosine kinase, a member of the MET proto-oncogene family, 
contributes significantly to pancreatic cancer tumorigenesis and chemoresistance. Here we validate RON as a target 
for pancreatic cancer therapy using a novel anti-RON antibody Zt/g4-drug maytansinoid conjugates (Zt/g4-DM1) as 
a model for RON-targeted drug delivery to kill pancreatic cancer cells. In pancreatic cancer cell lines overexpressing 
RON, Zt/g4-DM1 rapidly induced receptor endocytosis, arrested cell cycle at G2/M phase, reduced cell viability, and 
subsequently caused massive cell death. These in vitro observations help to establish a correlation between the 
number of the cell surface RON receptors and the efficacy of Zt/g4-DM1 in reduction of cell viability. In mice, Zt/
g4-DM1 pharmacokinetics in the linear dose range fitted into a two-compartment model with clearance in 0.21 ml/
day/kg and terminal half-life at 6.05 days. These results helped to confirm a concentration-activity relationship for 
the BxPC-3 and other pancreatic cancer cell xenograft model with a tumoristatic dose at 3.02 mg/kg. Zt/g4-DM1 
was effective in vivo against various xenograft PDAC growth but efficacy varied with individual cell lines. Combination 
of Zt/g4-DM1 with gemcitabine had a complete inhibition of xenograft pancreatic cancer growth. We conclude from 
these studies that increased RON expression in pancreatic cancer cells is a suitable targeting moiety for anti-RON 
ADC-directed drug delivery and anticancer therapy. Zt/g4-DM1 is highly effective alone or in combination with che-
motherapeutics in inhibition of pancreatic cancer xenograft growth in preclinical models. These findings justify the 
use of humanized Zt/g4-DM1 for targeted pancreatic cancer therapy in the future. 
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is 
one of the most aggressive cancers with poor 
prognosis and high mortality [1]. Currently, 
genetic events associated with PDAC patho-
genesis, including mutations or deletions of 
K-RAS, cyclin-dependent kinase inhibitor 2A 
(CDKN2A), P53, and signal of mothers against 
decapentaplegic (SMAD) 4, have been charac-
terized [2-4]. Nonetheless, these abnormalities 

have not been translated into clinical practice 
as reliable PDAC biomarkers for detecting ear- 
ly cancer, evaluating chemotherapy response, 
and predicting patient survival [1-6]. Another 
clinical challenge is the poor progress in finding 
effective therapeutics to treat PDAC. Only a  
few chemotherapeutics, including gemcitabine, 
oxaliplatin, and epithelial growth factor recep-
tor (EGFR)-specific tyrosine kinase inhibitor 
erlotinib are currently available for palliative 
therapy [1-3]. Thus, identification of reliable bio-
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markers to predict PDAC patient survival and 
development of novel and effective biothera-
peutics are greatly needed to combat this 
deadly disease. 

The role of the recepteur d’origine nantais 
(RON) receptor tyrosine kinase (RTK) in PDAC 
pathogenesis has been under intensive investi-
gation [7-17]. The objectives are to determine 
mechanisms of RON in regulating PDAC inva-
sive growth; to find the significance of RON in 
PDAC malignancy; to value RON expression as 
a prognostic marker for PDAC survival; and to 
validate RON as a drug target for PDAC treat-
ment [10-17]. Preclinical studies have revealed 
that aberrant RON expression contributes to 
PDAC cell invasiveness and chemoresistance 
[10, 11, 15]. Immunohistochemical (IHC) stain-
ing of primary PDAC samples indicates that 
RON is detected at low levels in normal pancre-
atic tissues but increases dramatically in pri-
mary and metastatic PDAC samples [10, 11, 
16, 18, 19]. However, the range of RON overex-
pression in primary PDAC samples varies in 
studies due to the use of different antibodies, 
criteria, and interpretations of results [10, 11, 
16, 18, 19]. By immunohistochemical staining 
using a highly specific and sensitive anti-RON 
monoclonal antibody (mAb) Zt/f2, we have fo- 
und more than 35% of primary PDAC samples 
showing RON overexpression [18]. Similar 
results were also observed in other report [16, 
19]. These observations indicate that aberrant 
RON expression is a pathological feature in pri-
mary PDACs. However, overexpression of RON 
has not been established as a prognostic mark-
er for PDAC patient survival [16]. In addition, 
increased RON expression also is not associat-
ed with therapeutic responsiveness in surgi-
cally resected pancreatic cancer [16]. Currently, 
RON-specific therapeutics including tyrosine 
kinase inhibitors (TKI) and therapeutic mono-
clonal antibodies (TMA) have been used in  
preclinical PDAC models and clinical trials to 
determine their anti-cancer efficacies [14, 19, 
20-25]. Accumulated evidences indicate that 
targeted inhibition of RON has the therapeutic 
effect on PDAC cell growth, migration and sur-
vival [19, 21, 23, 25]. However, studies in 
mouse PDAC xenograft models has observed 
that the efficacy of RON-specific TKIs and TMAs 
alone is relatively low with only partial inhibition 
of tumor growth [19, 21, 23, 25]. Complete inhi-
bition by a single RON-targeted TKI or TMA has 

not been observed [14-25]. Thus, there is an 
urgent need to develop and improve the effica-
cy of RON-targeted therapeutics. 

The present study is to evaluate the therapeu-
tic efficacy of monoclonal antibody (mAb) Zt/
g4-drug maytansinoid conjugates (ADC Zt/
g4-DM1) as a model of RON targeted drug deliv-
ery for PDAC treatments. Zt/g4-DM1 as novel 
ADC was developed by us for potential cancer 
therapy [26]. ADC selectively ablates cancer 
cells by combining the specificity of a target-
specific mAb with the delivery of a highly potent 
cytotoxic agent [27-30]. For this purpose, we 
first selected a panel of PDAC cell lines express-
ing different levels of RON as the model. The 
effect of Zt/g4-DM1 on RON endocytosis, cell 
cycle change, and cell death were studied. Se- 
cond, we analyzed plasma pharmacokinetics 
(PK) of Zt/g4-DM-1 in both tumor-bearing and 
-nonbearing mice. A dose-time relationship was 
established to model the efficacy of Zt/g4-DM1 
in vivo to obtain a tumoristatic concentration. 
Third, we validated Zt/g4-DM1 activity in inhi- 
bition of PDAC growth in mouse xenograft  
models. The objective is to determine the Zt/
g4-DM1 efficacy and to establish a potential 
therapeutic strategy. Finally, we discovered an 
increase in tumor inhibition by combination of 
Zt/g4-DM1 with gemcitabine in inhibition of 
xenograft PDAC growth. These findings provide 
the rationale for using Zt/g4-DM1 with chemo-
therapeutics as a novel and potential approa- 
ch for PDAC therapy. We believe the results 
obtained from this preclinical study prove that 
the use of RON-targeted ADC is a suitable strat-
egy for PDAC treatment, which lays the founda-
tion for development of humanized anti-RON 
ADC for potential clinical trials. 

Materials and methods

Cell lines and reagents 

Panc-1, BxPC-3, DLD1, HT29, HCT116, H1993, 
and MDA-MB-231 cell lines were from American 
Type Cell Culture (ATCC, Manassas, VA). FG and 
L3.6pl cell lines were provided by Drs. A.M. 
Lowy (Department of Surgery, University of 
California at San Diego, CA) and G.E. Gallick 
(University of Texas M.D. Anderson Cancer 
Center, Houston, TX), respectively. Individual 
cell lines were cultured in their proper culture 
media supplemented with 10% of fetal bovine 
serum (FBS). Mouse anti-RON mAb Zt/f2 and 
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rabbit IgG antibody against the RON C-terminus 
(R#5029) were used as previously described 
[18]. Goat anti-mouse IgG labeled with fluores-
cein isothiocyanate (FITC) or rhodamine was 
from Jackson ImmunoResearch (West Grove, 
PA).  

Preparation of Zt/g4-DM1

Zt/g4-DM1 and control mouse IgG (CmIgG)-
DM1 with drug to antibody ratio of 3.9:1 and 
4.1:1, respectively, were prepared as previous-
ly described [26]. Conjugates were purified, 
sterilized through a filter, and verified by hydro-
phobic interaction chromatography (HIC) as 
previously described [26].

Analysis of Zt/g4-DM1 plasma concentrations 
and pharmacokinetics

Female nude mice (five mice per group) re- 
ceived a single dose of Zt/g4-DM1 at 3, 10, 20 
mg/kg through tail vein. Blood samples were 
collected at different time intervals. Plasma 
concentrations of Zt/g4-DM1 were determined 
using the DM1 ADC enzyme-linked immunosor-
bent assay (ELISA) kit (Eagle Biosciences Inc., 
Nashua, NH), which uses anti-DM1 antibody to 
measure DM1-antibody conjugates with the 
sensitivity of 0.024 µg per ml (www.eaglebio.
com). The PK parameters were calculated using 
statistical software. 

Immunofluorescence analysis of RON expres-
sion

The number of cell-surface RON was quantita-
tively determined by DAKO QIFKIT (www.dako.
com). After establishing a calibration curve, the 
number of RON receptors on the cell surface 
was determined by interpolation following the 
manufacturer’s instructions. Endocytic RON 
and cytoplasmic lysosomal-associated mem-
brane protein (LPAM) 1 were detected by treat-
ing cells (1 × 105 cells per well in a 6-well plate) 
with 5 μg/ml Zt/g4-DM1 for 12 h. Antibodies 
specific to RON (Zt/f2) or LAMP1 were used  
followed by goat anti-mouse IgG coupled with 
fluorescein isothiocyanate (FITC) or rhodamine, 
respectively. Nuclear DNAs were stained with 
4’,6-diamidino-2-phenylindole (DAPI). Immuno-
fluorescence was observed under Olympus 
BK71 microscope equipped with DSU/fluores-
cent apparatus. 

Western blot analysis 

Cellular proteins (50 μg per sample) were se- 
parated in an 8% or 12% SDS-PAGE under 
reduced conditions as previously described 
[18]. Western blot analysis of RON, cyclin-D1, 
poly ADP ribose polymerase (PARP), and cas-
pase-3 fragments was performed using anti-
bodies specific to corresponding proteins as 
previously described [18]. Membranes also 
were reprobed with antibody to actin to ensure 
equal sample loading. 

Flow cytometric analysis of cell cycle

PDAC cell lines (1 × 106 cells per dish) were 
incubated at 37°C with 5 μg/ml Zt/g4-DM1 for 
various times, labeled with propidium iodide, 
and then analyzed by an Accuri Flow Cytometer. 
Cell cycle changes were determined by measur-
ing DNA contents as previously described [29].      

Assays for cell viability and death

Cell viability 96 h after Zt/g4-DM1 treatment 
was determined by the 3-(4,5-dimethylthiazol- 
2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfoph- 
enyl)-2H-tetrazolium (MTS) assay [22]. Viable or 
dead cells were determined by the trypan blue 
exclusion assay. A total of 900 cells were count-
ed from three individual wells to reach the per-
centages of dead cells. 

Xenograft PDAC model and treatment with Zt/
g4-DM1 and gemcitabine

All experiments on mice were approved by the 
TTUHSC institutional animal care committee. 
Male and female athymic nude mice aged 6-8 
weeks (Taconic, Cranbury, NJ) were injected 
with 5 × 106 BxPC-3, FG, or L3.6pl cells in the 
subcutaneous space of the right flank as previ-
ously described [21, 26]. Mice were random-
ized into different groups (five mice per group). 
Treatment began when all tumors had a mean 
tumor volume of ~150 mm3. Mice received 10 
or 20 mg/kg Zt/g4-DM1 in 0.1 ml PBS through 
tail vein in the Q8 × 3 or Q12 × 2 regimen. 
Gemcitabine was administered at 60 mg/kg in 
the Q4 × 5 schedules. Tumor volumes were 
measured every four days according to a for-
mula: V = pi/6 × 1.58 × (length × width)3/2 [26]. 
Animals were euthanized when tumor volumes 
exceeded 2000 mm3 or if tumors became ne- 
crotic or ulcerated through the skin. 
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Figure 1. Induction of RON endocytosis by Zt/g4-DM1 in PDAC cell lines: (A) Levels of RON expression by PDAC cell 
lines. Four PDAC cell lines (1 × 106 cells/ml) in PBS were incubated at 4°C with 5 μg/ml Zt/g4 for 60 min. Isotope 
matched mouse IgG was used as the control. Cell surface RON was quantitatively determined by immunofluores-
cence analysis using QIFKIT® (DAKO). (B) Kinetic reduction of cell surface RON. BxPC-3, FG and L3.6pl cells (1 × 
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Statistical analysis

GraphPad 6 software was used for statistical 
analysis. Results are shown as mean ± SD. The 
half maximal inhibitory concentration (IC50) and 
half maximal effective concentration (EC50) of 
Zt/g4-DM1 were calculated as previously des- 
cribed [26]. The data between control and ex- 
perimental groups were compared using Stu- 
dent t test. Chi-squared analysis was used for 
correlational study. Isobolograms were used for 
analysis of synergism in drug combination stud-
ies. Statistical differences at p < 0.05 were 
considered significant. 

Results

Overexpression renders RON a suitable target 
for anti-RON ADC-directed drug delivery 

Four human PDAC cell lines expressing variable 
levels of RON were selected as the ADC deliver-
ing/targeting model (Figure 1A). These cell 
lines have been previously used to determine 
the role of RON in regulating PDAC tumorigenic 
activity [7-17]. For quantitative analysis, we first 
determined the number of RON molecules on 
the cell surface using DAKO immunofluores-
cence QIFKIT as previously described [26]. The 
calculated RON molecules per PDAC cell were 
10,214 ± 310 for BxPC-3, 16,178 ± 269 for FG, 
and 16,628 ± 245 for L3.6pl. Specific binding 
was not observed in Panc-1 cells (< 50 ± 4), 
which will serve as the negative control. 

We studied Zt/g4-DM1-induced RON endocyto-
sis, a process essential for delivering DM1 into 
PDAC cells. Zt/g4-DM1 was generated by conju-
gation of Zt/g4 (IgG1a/κ) with DM1 via thio-
ether linkage with a drug-antibody ratio of 3.8:1 
[26]. Zt/g4-DM1 caused a progressive reduc-
tion of RON in a time-dependent manner in all 
three PDAC cell lines tested (Figure 1B). Less 
than 20% of RON remained on the cell surface 
after a 48 h treatment. The time required for 

Zt/g4-DM1 to induce 50% RON reduction (inter-
nalization efficacy) was 14.14 h, 12.77 h, and 
17.22 h for L3.6pl, BxPC-3, and FG, respective-
ly. No statistically differences among three 
PDAC cell lines were observed. Thus, Zt/
g4-DM1 is effective in induction of RON endo-
cytosis by PDAC cells. 

We further confirmed Zt/g4-DM1-induced RON 
endocytosis by immunofluorescence analysis 
of endocytic RON in cytoplasm in three PDAC 
cell lines (Figure 1C). Cells stained for LAMP1 
were used as a marker for co-localization. RON 
was detected on the cell surface at 4°C. The 
intracellular localization of endocytic RON oc- 
curred at 37°C after Zt/g4-DM1 treatment. The 
endocytic RON was co-localized with LAMP1 
within lysosomes. Thus, cell surface RON is 
internalized and endocytic RON localizes in 
cytoplasm following Zt/g4-DM1 treatment.

Anti-RON ADC in vitro inhibits PDAC cell growth 
and causes massive cell death 

Functional analysis showed that Zt/g4-DM1 
treatment results in PDAC cell cycle changes, 
featuring a significant reduction in G0/G1 
phase, a decrease in S phase, and a dramatic 
increase in G2/M phase (Figure 2A). The time 
required for Zt/g4-DM1 to induce a 50% reduc-
tion in G0/G1 phase was 10.33, 14.04, and 
13.75 hours for BxPC-3, FG, and L3.6pl, respec-
tively (Table 1). Quantitative measurement of 
cell cycle changes at 24 h is shown in Table 2. 
We also analyzed cyclin D1 expression, which 
plays a role in regulating G1 to S phase progres-
sion [31]. Results from Western blotting of cell 
lysates revealed that Zt/g4-DM1 dramatically 
induces cyclin D1 expression in a time-depen-
dent manner in RON expressing PDAC cell lines 
(Figure 2B). In contrast, this effect was minimal 
on RON-negative PDAC Panc-1 Cells. Thus, 
results in Figure 2A and 2B demonstrate that 
Zt/g4-DM1 treatment has a significant effect 
on cell cycles in PDAC cells.

106 cells per dish) were treated at 37°C with 5 μg/ml of Zt/g4-DM1, collected at different time points, washed with 
acidic buffer to eliminate cell surface bound IgG [22], and then incubated with 2 μg/mL of anti-RON mAb Zt/F2. 
Immunofluorescence was analyzed by flow cytometer using FITC-coupled anti-mouse IgG. Immunofluorescence from 
cells treated with Zt/g4-DM1 at 4°C was set as 100%. Internalization efficiency (IC50) was calculated as the time 
required to achieve the 50% reduction of cell surface RON. (C) Immunofluorescent localization of endocytic RON in 
cytoplasm. BxPC-3, FG, and L3.6pl cells (1 × 105 cells per chamber) were treated at 4°C or 37°C with 5 μg/ml of 
Zt/g4-DM1 for 12 h followed by FITC-coupled goat anti-mouse IgG. LAMP1 was detected using mouse anti-LAMP1 
mAb and used as a marker for protein cytoplasmic localization. After cell fixation, immunofluorescence was detected 
using the BK70 Olympus microscope equipped with a fluorescence apparatus. DAPI was used to stain nuclear DNA.  
Images were also overlapped to show the co-localization of RON with LAMP1 in cytoplasm.



Anti-RON ADC for pancreatic cancer therapy

942	 Am J Cancer Res 2016;6(5):937-956



Anti-RON ADC for pancreatic cancer therapy

943	 Am J Cancer Res 2016;6(5):937-956

Figure 2. Effect of Zt/g4-DM1 on cell cycle, viability, and death by PDAC cell lines expressing different amounts of 
cell surface RON: (A) Changes in cell cycles. Three PDAC cell lines (1 × 106 cells per dish in 10% DMEM with 10% 
FBS) were treated at 37°C with 5 μg/ml of Zt/g4-DM1 for various times, collected, stained with propidium iodide, 
and then analyzed by flow cytometer [26]. A decrease in G1 phase and an increase in G2/M phases are marked 
with arrows. (B) Cyclin D1 expression and PARP/caspase-3 cleavage. PDAC cell lines (3 × 106 cells per dish) were 
treated with 5 µg/ml Zt/g4-DM1 for various times. Western blot analysis of cellular proteins (50 µg/ per lane) was 
performed using antibodies specific to cyclin-D1, cleaved PARP, or cleaved caspase-3, respectively. Actin was used 
as the loading control. (C) Effect of Zt/g4-DM1 on viability of PDAC cells expressing different levels of RON. Four 
PDAC cell lines (8000 cells per well in a 96-well plate in triplicate) were treated with different amounts of Zt/g4-
DM1 for 96 h. Cells treated with normal mouse IgG conjugated with DM1 (CmIgG-DM1) serviced as the control. Cell 
viability was determined by the MTS assay. (D) Kinetic effect of Zt/g4-DM1 on cell viability. Zt/g4-DM1 treatment of 
PDAC cells was performed as described in (C). Cell viability was determined at different intervals by the MTT assay. 
(E) Death of PDAC cells after Zt/g4-DM1 treatment. PDAC cells were treated with different amounts of Zt/g4-DM1 
for 96 h. The percentages of cell death were determined by the trypan blue exclusion method. 

We next studied the effect of Zt/g4-DM1 on cell 
viability. Sensitivity of PDAC cells to free DM1 is 
shown in Supplementary Figure 1 with IC50 at 
6.64, 2.07, 2.25, and 4.69 nM for Panc1, BxPC-
3, FG, and L3.6pl cells, respectively (Table 1). 
These results indicate that the four PDAC cell 

lines are highly sensitive to DM1. Treatment of 
PDAC cells with Zt/g4-DM1 resulted in a signifi-
cant reduction in cell viability in time and dose-
dependent manners (Figure 2C, 2D). The IC50 
values at 96 h were 2.33 ± 0.35, 3.34 ± 0.42, 
and 3.02 ± 0.45 µg/ml Zt/g4-DM1 (equivalent 
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Table 2. Induction of cell cycle changes by anti-RON ADC Zt/g4-DM1 in pancreatic cancer cell lines*
PDAC cell 
lines

Changes of cells cycles after Zt/g4-dM1 treatment (%)
G0/G1 phase S phase G2M phase Polyploidy

0 h 12 h 24 h 36 h 0 h 12 h 24 h 36 h 0 h 12 h 24 h 36 h 0 h 36 h
L3.6pl 45.24 33.91 8.55 7.59 23.25 26.01 16.44 22.45 23.58 34.01 53.34 54.05 7.93 14.95
BxPc-3 44.58 24.55 7.05 7.03 21.31 14.09 16.00 15.73 31.51 50.06 61.39 62.36 2.61 14.85
FG 42.23 31.73 26.01 22.48 21.92 20.65 18.15 17.14 27.49 36.85 46.31 50.74 8.36 9.64
Average 44.02 

± 1.58
30.06 
± 4.90

13.87 
± 10.5

12.16 
± 8.76

22.16 
± 0.99

20.25 
± 5.97

16.86 
± 1.14

18.44 
± 3.54

27.53 
± 3.97

40.31 
± 8.57

53.68 
± 7.55

55.73 
± 6.00

6.30 
± 3.20

13.15 
± 3.04

*Individual PDAC cell lines were treated with 5 µg/ml of Zt/g4-DM1 for various time intervals followed by flow cytometric analysis to determine their cell cycles as previ-
ously described [16]. 

to 120, 54, and 63 nM of free DM1) for BxPC-3, 
FG, and L3.6pl cells, respectively (Table 1). The 
Effect of Zt/g4-DM1 was minimal on Panc-1 
cells with estimated IC50 values at: 100 µg/ml. 
These results indicate that Zt/g4-DM1 is effec-
tive in reduction of PDAC cell viability. 

Morphological observation indicated a massi- 
ve cell death 96 h after Zt/g4-DM1 treatment 
(Supplementary Figure 2). Quantitative analysis 
of cell death induced by Zt/g4-DM1 is shown in 
Figure 2E with IC50 values ranging from 5.63, 
3.27, and 2.24 μg/ml for BxPC-3, FG and L3.6pl 
cells (Table 1), respectively. Analysis of cellular 
proteins further confirmed that the Zt/g4-DM1 
treatment results in cleavage of PARP and 
Caspase-3, two indicators of apoptotic cell 
death (Figure 2B). Thus, Zt/g4-DM1 in vitro is 
able to induce apoptotic death of PDAC cells in 
a dose-dependent manner. 

Levels of RON Expression correlates in vitro 
with efficacy of anti-RON ADC Zt/g4-DM1 

To address the relationship between the Zt/
g4-DM1 efficacy and the number of cell surface 
RON receptors, we collected PDAC, colon, lung, 
and breast cell lines expressing variable levels 
of RON and tested their response to Zt/g4-DM1 

for viability IC50 values. A direct correlation was 
established by plotting the individual IC50 val-
ues against the cell surface number of the RON 
receptor (Figure 3). We conclude that the mini-
mal number of cell-surface RON molecules 
required for Zt/g4-DM1 to achieve the 95% 
reduction in cell viability (EC95) is around 
10,000 receptor molecules per cell. A decrease 
in the level of RON correlated proportionally 
with the diminished efficacy of Zt/g4-DM1. 
Thus, PDAC cells expressing ~10,000 RON mol-
ecules on cell surface per cell are required  
for Zt/g4-DM1 in vitro to show the maximal 
efficacy. 

Pharmacokinetic analysis models the efficacy 
of Zt/g4-DM1 in vivo in inhibition of xenograft 
PDAC growth 

The PK of Zt/g4-DM1 was studied in tumor-
bearing and nonbearing mice to determine the 
time-dose relationship of Zt/g4-DM1. Since Zt/
g4 cross-reacted with mouse homologue of 
RON with similar binding affinity, we wanted to 
know: a) any alterations in Zt/g4-DM1 PK in 
tumor-bearing mice and b) RON-dependent 
behavior of Zt/g4-DM1 in tumor-nonbearing 
mice. Blood samples were collected at different 
time intervals. DM1-coupled Zt/g4 was mea-

Table 1. Efficacy of Anti-RON ADC Zt/g4-DM1 in vivo in Regulating Cell Cycle, Viability, and Death of 
Pancreatic Cancer Cell lines*

Human PDAC 
cell lines

RON receptor 
per cell

IC50 values of 
free DM1 (nM)

EC50 values of Zt/g4-DM1 in PDAC cells
Endocytosis of 

RON (h)
G1/G0 Phase 

Change (h)
Cell Viability 

(µg/ml)
Cell Death 

(µg/ml)
Panc-1 < 100 6.64 ± 1.07 ND ND > 100 ND
BxPC-3 10,214 ± 310 2.07 ± 0.37 12.77 10.33 2.33 ± 0.35 5.63 ± 0.21
FG 16,178 ± 269 2.25 ± 0.24 17.22 14.04 3.34 ± 0.42 3.27 ± 0.43
L3.6pl 16,628 ± 245 4.69 ± 0.64 14.14 13.75 3.02 ± 0.45 2.24 ± 0.18
Average 14,340 ± 3580 3.91 ± 1.47 14.71 ± 2.28 12.71 ± 2.06 2.95 ± 1.03 3.37 ± 1.34
*Individual PDAC cell lines were used to determine RON expression, cellular sensitivity to free DM1, Zt/g4-DM1-induced RON 
internalization, cell cycle change, cell viability, and cell death as detailed in Materials and Methods. 
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sured using a DM1 antibody ELISA kit (Eagle 
Biosciences, Inc., Nashua, NH). Results in 
Figure 4A show serum concentrations of Zt/
g4-DM1 in a two-compartment model with sev-
eral parameters in both tumor-bearing mice 
injected with a single dose of Zt/g4-DM1 at 3 
and 10 mg/kg and in tumor-nonbearing mice 
injected with a single dose of 20 mg/kg Zt/
g4-DM1. A dose-proportional increase in Zt/
g4-DM1 plasma concentrations with increasing 
dose from 3 to 20 mg/kg was observed. Ov- 
erall, the data from tumor-bearing mice were 
overlapped with those from the tumor-nonbear-
ing mice with 95% prediction intervals. By cal-
culation, the mean plasma clearance was 0.22 
ml/day/kg and the terminal half-life (t½β) was 
6.01 days. Thus, the PK of Zt/g4-DM1 is in no 
difference between tumor-bearing and non-
bearing mice, suggesting that tumor growth 
does not affect the dynamics of Zt/g4-DM1. 
Moreover, RON expression by tumor cells has 
no impact on Zt/g4-DM1 disposition in vivo. 

A time-dose relationship using the PK parame-
ters was established to predict the effective-
ness of Zt/g4-DM1 in the xenograft tumor 
model. We first projected a target dose of Zt/
g4-DM1 required to achieve a balance between 
tumor growth and inhibition (tumoristatic con-
centration, TSC) for the xenograft growth of 

The efficacy of Zt/g4-DM1 at 20 mg/kg in the 
Q12 × 2 regimen was first applied to PDAC 
xenograft models initiated by BxPC-3, FG, and 
L3.6pl cells. The growth of BxPC-3 xenografts 
was relatively slow but tumors were highly sen-
sitive to Zt/g4-DM1-mediated inhibition (Figure 
5A). More than 90% inhibition was achieved at 
day 32 as determined by calculating average 
tumor weights (0.73 ± 0.33 versus 0.06 ± 0.03) 
(Figure 5B). It is worth noting that the signifi-
cant regrowth of tumors was not observed up 
to day 32. 

Both FG and L3.6pl cell-initiated tumors were 
fast growing with tumor volumes reaching 
~2,000 mm3 within 16 days after cell inocula-
tion (Figure 5A). FG xenograft tumors were ini-
tially sensitive to Zt/g4-DM1 with more than 
85% inhibition of tumor volume at day 20 
(Figure 5A). However, the efficacy of the second 
dose was dramatically diminished with increa- 
sed tumor regrowth. Nonetheless, after growth 
for additional 12 days, at day 32, the average 
weight of Zt/g4-DM1-treated FG xenografts 
(1.89 ± 0.56) still was ~25% less than that of 
the control tumors (2.49 ± 0.80) collected at 
day 20 (Figure 5B). 

The efficacy of Zt/g4-DM1 in L3.6pL xenograft 
tumors was moderate with an average 76% 

Figure 3. Correlation between RON receptor and Zt/g4-DM1 efficacy: Cell vi-
ability IC50 values from a panel of cancer cell lines expressing different levels 
of RON per cell (Panc-1: < 10; H1993: 2,152; DLD1: 4,480; MDA-MB-213: 
8,185; BxPC-3: 10,214; HCT116: 15,005; FG: 16,178; L3.6pl: 16,628; and 
HT29: 18,793) were plotted with different numbers of RON expressed per 
cell. Zt/g4-DM1 at the amount below 5 mg/ml to achieve an IC50 value was 
used as the effective dose to determine the required receptor number to 
reach the EC95 value. The IC50 values for cell viability or death at 96 h from 
individual groups were calculated using the GraphPad Prism 6 software. Re-
sults shown here are from one of three experiments with similar results.

CRC HT29 and SW620 cells 
[26]. The PK parameters pre-
dicted Zt/g4-DM1 at 5 mg/kg 
as the TSC to cause tumori- 
stasis (Figure 4B). For the 
BxPC-3 xenograft tumor mo- 
del, the projected TSC was 
3.02 mg/kg according to  
the terminal half-life of Zt/
g4-DM1 (Figure 4C). Since a 
single dose of Zt/g4-DM1 at 
60 mg/kg is toxic in mice [26], 
we reasoned that Zt/g4-DM1 
at 20 mg/kg in the Q12 x 2 or 
at 10 mg/kg in the Q8 x 3 
schedule should be effective 
in inhibition of xenograft PDAC 
growth in vivo. 

Zt/g4-DM1 is effective in 
vivo in inhibition of xenograft 
PDAC growth and in depletion 
of RON expressing PDAC cells 
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Figure 4. Analysis of pharmacokinetics of Zt/g4-DM1 for predicting the time-dose-relationship: Tumor-bearing and 
-nonbearing mice (athymic nude, 5 mice per group) were injected with a single dose of Zt/g4-DM1. Collected blood 
samples were analyzed using the DM1 antibody ELISA kit (Eagle Biosciences, Inc., Nashua, NH) to determine the 
amount of DM1-coupled Zt/g4 in plasma. Various PK parameters were calculated using the software provided by 
Eagle Biosciences. (A): PK from both tumor-bearing and nonbearing mice injected with a single dose of 3, 10, and 
20/mg/kg Zt/g4-DM1. (B) Dynamics of Zt/g4-DM1 in vivo plotted with the growth curve of CRC xenograft tumors. 
Athymic nude mice were inoculated with HT29 and HCT116 cells (5 × 106 cells per mouse, five mice per group). 
A single dose of Zt/g4-DM1 at 20 mg/kg was injected when tumor volume reached ~150 mm3. PK data from (A) 
was plotted to the tumor growth curve. (C) Dynamics of Zt/g4-DM1 in vivo plotted with the growth curve of BxPC-3 
xenograft tumors. Mice bearing BxPC-3 xenograft tumors were injected with a single dose of Zt/g4-DM1 at 20 mg/
kg through tail vein when tumor volume reached ~150 mm3. PK data from (A) was plotted to the tumor growth curve. 
TSCs for CRC and PDAC xenograft models were determined as the minimal dose of Zt/g4-DM1 required to balance 
tumor growth and inhibition. 

reduction in tumor volume at day 16 (Figure 
5A). The effect of the second dose appeared to 

be minimal as evident by an accelerated phase 
of tumor regrowth at a rate similar to that of 
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control tumors. However, the average tumor 
weight from Zt/g4-DM1-treated tumors (1.41 ± 
0.43 g) at day 28 remained ~45% less than 
that from the control tumors (2.54 ± 0.40 g) at 
day 16 (Figure 5B). Thus, Zt/g4-DM1 has an 
impact on the growth of L3.6pl xenograft 
tumors with a growth delay in more than 12 
days. 

Analysis of lysate proteins from PDAC xenograft 
tumors confirmed that RON expression was  
significantly diminished in xenograft tumors 
derived from all three PDAC cell lines. The aver-
age reduction measured 90.8%, 88.4%, and 

87.7% for BxPC-3, FG, and L3.6pl xenograft 
tumors, respectively, in comparison with that of 
control tumors (Figure 5C, 5D). These results 
suggest that the majority of RON-expressing 
PDAC cells were eliminated. The remaining 
tumors were comprised of PDAC cells express-
ing no or low levels of RON. Thus, Zt/g4-DM1 
effectively eliminates RON-expressing PDAC 
cells in vivo.

Results from Western blot analysis also con-
firmed cell cycle change in Zt/g4-DM1-treated 
tumor samples (Figure 5E). Cyclin-D1 expres-
sion was low in control tumors but increased 

Figure 5. Therapeutic efficacy of Zt/g4-DM1 in three PDAC xenograft tumor models: (A) Athymic nude mice (five mice 
per group) were subcutaneously inoculated with 5 × 106 BxPC-3, FG, and L3.6pl cells and tumors were allowed to 
reach an average volume of ~150 mm3. Zt/g4-DM1 at 20 mg/kg was injected through tail vein in the Q12 × 2 regi-
men. Mice injected with CmIgG-DM1 were used as the control. Tumor volume was measured every four days using 
a method previously described [26]. Mice were euthanized when tumor volume reached ~1000 mm3 (for BxPC-3 
model) or 2000 mm3 (for FG and L3.6pl models). The percentages of tumor growth inhibition were calculated by a 
formula: 100%-(average tumor volume from treatment group)/(average tumor volume from control group) × 100%. 
(B) Individual tumors from different groups were collected from euthanized mice. The percentages of inhibition were 
calculated by a formula: 100% - (average tumor weight from treatment group)/(average tumor weight from control 
group) × 100%. (C) A portion of tumor samples from different groups were lysed using the tissue lysis buffer as 
previously described [26]. Proteins (50 µg per sample) were subjected to Western blot analysis to detect RON using 
rabbit anti-RON IgG antibody #5029 [18]. (D) Densitometry analysis was performed to determine the levels of RON 
expression by individual samples using the software from the BioRad 5000 Image system. Expression of cyclin-D1 
(E), cleaved PARP (F) and caspase-3 (G) by individual tumors after Zt/g4-DM1 treatment was determined by Western 
blot analysis of tumor lysate using antibodies specific to corresponding proteins as described in (C).
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significantly in the Zt/g4-DM1-treated tumors, 
indicating cell cycle alterations in vivo. In addi-
tion, apoptosis was observed by the appear-
ance of cleaved PARP fragments in Zt/g4-DM1-
treated tumors but not in control samples 
(Figure 5F), indicating the cell death occurs 
after Zt/g4-DM1 treatment. Additional evide- 
nce for apoptosis was the detection of cleaved 
caspase-3 fragments in all Zt/g4-DM1-treated 
tumors but not in control groups (Figure 5G). 
Thus, Zt/g4-DM1 treatment alters cell cycle 
and causes apoptotic cell death in PDAC xeno-
graft tumors. 

Zt/g4-DM1 in combination with chemothera-
peutics exerts an increased effect both in vitro 
and in vivo on PDAC cells

The differential efficacies of Zt/g4-DM1 in three 
PDAC xenograft tumor models prompted us to 
use a combinational therapy strategy to achieve 
the maximal efficacy. We first studied the effect 
of Zt/g4-DM1 at the IC50 dose in vitro in combi-
nation with three chemotherapeutics currently 
used for PDAC treatment. Results in Figure 6A 
show that cell viability was further reduced in 
all combination groups compared to the cor- 
responding control groups. Thus, Zt/g4-DM1 
shows the increased effect when combined 
with gemcitabine, oxaliplatin, or 5-fluorouracil 
(5-FU) in reduction of PDAC cell viability.

This increase in reduction of cell viability was 
further verified by combining Zt/g4-DM1 from 
0.31 to 20 µg/ml (equivalent to 2.02 to 133.34 
nM of DM1) with gemcitabine from 2.5 to 160 
nM to reach a fixed ratio of 1 to 1.2 (Figure 6B). 
The obtained data were then analyzed by plot-
ting the fraction of inhibition against the combi-
nation index (CI) (Figure 6C) and by performing 
isobolograms to define IC50, IC75, and IC90 val-
ues (Figure 6D) [33, 34]. Results from these 
analyses confirmed the synergism between Zt/

g4-DM1 and chemotherapeutics when both 
drugs were used at the defined ratio. 

We further confirmed the increase in tumor 
inhibition between Zt/g4-DM1 and gemcitabine 
combination in the FG xenograft model (Figure 
7A). Zt/g4-DM1 at 10 mg/kg in a Q8 × 3 regi-
men was combined with gemcitabine at 60 
mg/kg in a Q4 × 5 schedule. As expected, gem-
citabine alone partially inhibited the growth of 
FG xenograft tumors with an average 67% 
reduction in tumor volume at day 24. Tumor 
regrowth was observed at day 20 even though 
the drug was continually administered. Similarly, 
Zt/g4-DM1 at 10 mg/kg partially delayed tumor 
growth with an average 85% reduction in tumor 
volume at day 20 followed by increased tumor 
regrowth. The combination therapy resulted in 
a complete inhibition of FG xenograft growth up 
to day 28. Moreover, tumor regrowth was fur-
ther delayed up to day 32. Measurement of 
tumor weights at the end of the study revealed 
that the average tumor weight from the com-
bined treatment groups at day 36 (0.47g ± 
0.28) was significantly less than that of the con-
trol group at day 24 (1.87 g ± 0.28), from single 
Zt/g4-DM1 (1.67 g ± 0.46) at day 36, and gem-
citabine (1.49 g ± 0.24) treated groups at day 
32 (Figure 7B). These results suggest that the 
combination of Zt/g4-DM1 with gemcitabine 
has the increase in inhibition of the FG xeno-
graft tumor growth. 

We also used Western blot analysis of tumor 
lysate proteins to determine the combination 
effect on reduction of RON-expressing PDAC 
cells, changes in cell cycle, and appearance of 
apoptotic cells in tumor masses (Figure 7C, 
7D). RON expression in FG-xenograft tumor 
lysates was significantly reduced after treat-
ment with Zt/g4-DM1 or in combination with 
gemcitabine, consistent with those from in vitro 
studies (Figure 5C). As expected, gemcitabine 

Figure 6. Synergistic effect of Zt/g4-DM1 in combination with chemotherapeutics in vitro on PDAC cell viability: 
(A) PDAC cell lines BxPC-3, FG, and L3.6pl cells (8,000 cell per well in a 96-well plate in triplicate) were cultured 
in DMEM with 10% FBS and treated with Zt/g4-DM1 at individual IC50 dose with or without different amounts of 
gemcitabine, oxaliplatin, or 5-FU for 96 h. Cell viability was measured using the MTT assay. Viability from control 
cells was defined as 100% and used to calculate percentages of cell viability for drug-treated cells. (B) Three PDAC 
cell lines were cultured as described above. Cells were treated with Zt/g4-DM1 (0.31 to 20 mg/ml, equivalent to 2 
to 133 nM of free DM1), gemcitabine (2.5 to 160 nM) or their combination to form a fixed ratio of Zt/g4-DM1: gem-
citabine at 1:1.2. The percentages of cell viability were calculated at 96 h as described above. (C) The percentages 
of cell viability from individual samples were calculated, converted, and then used for the fraction of inhibition-com-
bination index (CI) plot as previously described [33]. (D) Results from (B) also were used for isobologram analysis to 
determine the IC50, IC75 and IC90 values to define the synergism as previously described [33, 34]. Data shown here 
are from one of three experiments with similar results. 
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alone had no effect on levels of RON expres-
sion. In addition, induction of cycle D1 expres-
sion was only observed in tumors treated with 
Zt/g4-DM1 or in combination with gemcitabine. 
Gemcitabine had no effect on cyclin-D1 expres-
sion, consistent with its mechanism of action 
[35]. Cleavage of PARP was observed in Zt/
g4-DM1 and gemcitabine-treated tumors (Fig- 
ure 7D). The PARP cleavage is a marker for cell 
apoptosis [36, 37]. Interestingly, an increase in 
the PARP cleavage was documented in the 
combination therapy, indicating a synergism 
between Zt/g4-DM1 and gemcitabine at molec-
ular levels in enhancing PDAC cell apoptosis.

We further verified cell death in FG xenograft 
tumors collected from different groups (Figure 
7E). Observation of H&E stained tumor slides 
found no morphological evidence of cell death 
from control mice (0/6, 0%). Gemcitabine treat-
ment caused cell death at variable levels in 
tumor masses (6/6, 100%). Death regions in 
tumor masses also were observed in Zt/
g4-DM1-treated mice (6/6, 100%). Similarly, 
the combination therapy resulted in massive 
tumor cell death (6/6, 100%). Since tumor sam-
ples were processed randomly, we were unable 
to quantitatively determine the severity of cell 
death that occurred in individual samples. 
Nonetheless, we confirmed that Zt/g4-DM1 
alone or in combination with gemcitabine ca- 
uses PDAC cell death in tumor masses.

Discussion

This report validates the preclinical efficacy of 
anti-RON ADC Zt/g4-DM1 for potential targeted 
therapy of PDAC. Zt/g4-DM1 treatment caus- 
ed a rapid endocytosis of cell surface RON. 

Internalized Zt/g4-DM1 resulted in cell cycle 
arrest in G2/M phase and reduction of cell via-
bility followed by massive cell death. By analyz-
ing the number of RON receptors expressed by 
PDAC cells, a correlation was established to 
predict the efficacy of Zt/g4-DM1 in vitro in kill-
ing PDAC cells. The PK study showed the 
dynamics of Zt/g4-DM1 in a two-compartment 
model with a terminal half-life of 6.05 days. PK 
parameters also projected the TSC of Zt/
g4-DM1 at ~3 mg/kg, which helped to model 
the time-dose relationship of Zt/g4-DM1 with 
its efficacy in vivo. Indeed, Zt/g4-DM1 at 20 
mg/kg in the Q12 × 2 regimen completely 
inhibited BxPC-3 xenograft tumor growth with a 
long-lasting effect up to 32 days. However, the 
correlation between the number of RON recep-
tors and the level of inhibition in vivo was not 
established. Only partial inhibition was ob- 
served in FG and L3.6pl PDAC xenograft tumors. 
We further demonstrated that Zt/g4-DM1 in 
combination with gemcitabine shows the in- 
crease in tumor inhibition in vitro. Significantly, 
Zt/g4-DM1 in combination with gemcitabine 
was able to completely inhibit FG xenograft 
tumor growth in vivo. Thus, increased RON 
expression in PDAC cells is a suitable target for 
Zt/g4-DM1 directed PDAC therapy. 

Increased expression in primary PDAC samples 
renders the RON receptor a suitable target for 
PDAC therapy using anti-Ron antibody-drug 
conjugate Zt/g4-DM1. Zt/g4-DM1 is a novel 
biotherapeutics with improved therapeutic in- 
dex in our PDAC model.  The binding of Zt/g4 
results in a rapid and efficient internalization 
process with more than 80% of cell surface 
RON internalized within 48 h. In L3.6pl cells 

Figure 7. Synergism between Zt/g4-DM1 and gemcitabine in vivo in inhibition of xenograft PDAC growth: (A) Athymic 
nude mice (five mice per group) were subcutaneously inoculated with 5 × 106 FG cells to allow tumor growth to 
reach an average volume at ~150 mm3. Zt/g4-DM1 at 10 mg/kg was injected through tail vein in a Q8 × 3 regi-
men. Mice injected with CmIgG-DM1 were used as the control. Gemcitabine was injected into the intraperitoneal 
cavity at 60 mg/kg in a Q4 × 5 schedule. Both drugs were used for the combination group according to their own 
dose and schedule. Tumor volume was measured every four days. The percentages of tumor growth inhibition were 
calculated from the average tumor volume as described in Figure 5A. (B) Individual tumors from different groups 
were collected from euthanized mice when their volumes reached ~2,000 mm3 and then weighed to obtain the 
average tumor weight (gram). The percentages of inhibition were calculated as described in Figure 5B. (C) A portion 
of tumor samples from different groups were lysed using the tissue lysis buffer as previously described [26]. Lysate 
proteins (50 µg per sample) were subjected to Western blot analysis to detect RON using rabbit anti-RON IgG anti-
body #5029. Densitometry analysis was performed to determine the level of RON expression using software from 
the BioRad 5000 Image system. (D) Expression of cyclin-D1 and cleaved PARP in individual tumors after treatment 
was determined by Western blot analysis using antibodies specific to cyclin-D1 and cleaved PARP, respectively. (E) 
A portion of FG cell-derived xenograft tumor samples was processed for histological examination. Analysis by H&E 
staining reveals cell death in different regions in tumors treated with Zt/g4-DM1, gemcitabine, or their combination 
but not in tumors from control mice. Arrows indicate dead regions and adjacent PDAC tissues in tumor masses. 
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expressing ~16,600 RON molecules per cell, it 
means the internalization of 13,300 RON re- 
ceptors, equivalent to ~50,000 DM1 molecules 
entering into a single cell, which is sufficient to 
exert a biological activity. Flow cytometric anal-
ysis indicated that PDAC cell cycles arrest in 
G2/M phase, a feature of DM1 that impairs 
microtubule dynamics [38]. The effect was 
observed as early as 6 h after addition of Zt/
g4-DM1 and characterized by progressive 
reduction of the G1 phase and the accumula-
tion of cells at the G2/M phase. We also show 
the effectiveness of Zt/g4-DM1 in reduction of 
PDAC cell viability. We observed more than  
80% reduction 96 h after Zt/g4-DM1 treat-
ment. Moreover, we documented a massive 
cell death of PDAC cells in a Zt/g4-DM1 dose-
dependent manner in three PDAC cell lines 
tested. Finally, we established an in vitro corre-
lation between the number of RON molecules 
expressed by PDAC cells and the efficacy of  
Zt/g4-DM1, which demonstrates that PDAC 
cells expressing ~10,000 RON receptors on the 
cell surface are required for Zt/g4-DM1 to 
achieve the maximal cytotoxic effect. These 
observations suggest that Zt/g4-DM1-directed 
RON targeting is an effective strategy in vitro 
for killing PDAC cells.   

Analysis of PK profiles provides insight into the 
dynamics of Zt/g4-DM1 in vivo.  We found that 
the PK profile fits into the two-compartment 
model, similar to other clinically approved ADCs 
such as T-DM1 [39-41]. Also, we found no dif-
ference in the dynamics of Zt/g4-DM1 between 
tumor-bearing and -nonbearing mice, indicating 
that tumor growth does not alter the Zt/g4-DM1 
PK profile [39]. Finally, we discovered that over-
expression of RON by xenograft tumors plays 
no role in impacting the fate of Zt/g4-DM1 in 
vivo, suggesting that the PK of Zt/g4-DM1 is 
not affected by tissues/organs expressing 
RON. In other words, epithelial tissues consti- 
tutively expressing low levels of RON probably 
have very little impact on absorption, distribu-
tion, metabolism, and excretion of Zt/g4-DM1. 
Nonetheless, since our Zt/g4-DM1 does not 
recognize the mouse homologue of RON 
expressed by various tissues/organs, a PK pro-
file of humanized Zt/g4-DM1 in human subjects 
should determine whether normal tissues/
organs expressing low levels of RON affect the 
PK of Zt/g4-DM1 in vivo.  

The obtained PK parameters help to determine 
the time-dose relationship of Zt/g4-DM1 in 
PDAC xenograft models, which projects the TSC 
in vivo and the dosing schedule for drug effica-
cy. In the BxPC-3 xenograft model highly sensi-
tive to Zt/g4-DM1, we determined 3.02 mg/kg 
of Zt/g4-DM1 as the TSC according to the ter-
minal half-life of Zt/g4-DM1 in conjunction with 
the tumor response curve (Figure 4C). The rela-
tionship also was validated in the model of CRC 
xenografts, in which Zt/g4-DM1 at 5 mg/kg 
was determined to be the TSC (Figure 4B). 
Subsequent studies using 20 mg/kg in the Q12 
× 2 regimen confirmed the efficacy of Zt/
g4-DM1 in inhibition of BxPC-3 xenograft tumor 
growth (Figure 5A). The TSC also determines 
the time intervals for administration of Zt/
g4-DM1 at the Q12 for 20 mg/kg or the Q8 for 
10 mg/kg regimen because the dose-schedule 
relationship determines the plasma drug con-
centrations over time and duration of time. The 
successful modeling of the time-dose schedule 
in the FG xenograft tumor model confirms the 
usefulness of PK parameters predicting out-
comes (Figures 5A and 7A). However, the Zt/
g4-DM1 responsiveness varied among three 
PDAC xenograft models. In the xenograft tumor 
model of L3.6pl cells, a highly malignant variant 
from COLO357 cell line [42], Zt/g4-DM1 at 20 
mg/kg in the Q12 × 2 schedule initially inhibit-
ed L3.6pl xenograft tumor growth, but the effi-
cacy decreased over time with accelerated 
tumor regrowth. In this sense, PK parameters 
for modeling the time-dose relationship of Zt/
g4-DM1 have certain limitations. Nevertheless, 
the use of the time-dose relationship is suit-
able to determine the TSC for treatment of 
PDACs sensitive to Zt/g4-DM1.

The mechanism underlying the variable effica-
cies of Zt/g4-DM1 in vivo is currently unknown. 
Tumors initiated by L3.6pl cells expressing 
~16,600 RON molecules are less sensitive 
than tumors formed by BxPC-3 cells with 
~10,000 RON receptors. This indicates that  
the number of RON receptors is not well corre-
lated in vivo with the efficacy of Zt/g4-DM1. 
Thus, the intrinsic natures of PDAC cells appear 
to be responsible for the sensitivity to Zt/
g4-DM1. However, Zt/g4-DM1 is effective in 
vivo in elimination of RON-expressing PDAC 
cells as evident by the reduction of RON ex- 
pression in Zt/g4-DM1-treated tumors (Figure 
5C, 5D). The reduction was accompanied by 
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increased cyclin-D1 expression, PARP cleav-
age, and caspase-3 activation (Figure 5E-G), 
suggesting cell cycle changes in PDAC cells fol-
lowed by activation of the apoptotic pathway. 
The consequence is the depletion of RON-
expressing PDAC cells, resulting in accumula-
tion of PDAC cells expressing no or low levels of 
RON. Thus, the selective enrichment of RON-
negative cells constitutes the regrowth of xeno-
graft tumors due to their insensitivity to Zt/
g4-DM1. Accelerated regrowth of L3.6pl xeno-
graft tumors after the second dose of Zt/
g4-DM1 with minimal RON expression appears 
to support this notion.    

The combination treatment showing complete 
inhibition of PDAC xenograft growth is an effec-
tive approach to enhance the Zt/g4-DM1 effi-
cacy. In vitro Zt/g4-DM1 in combination with 
gemcitabine, oxaliplatin, and 5-FU displayed 
the synergistic effect in reduction of PDAC cell 
viability, indicating that the killing of PDAC cells 
can be synergized through different mecha-
nisms of action. Studies in vivo of FG xenograft 
models further confirmed the synergism be- 
tween Zt/g4-DM1 and gemcitabine on tumor 
growth. In the combination therapy, Zt/g4-DM1 
and gemcitabine acted through different mech-
anisms to eliminate PDAC cells by regulating 
cell cycle and inducing apoptotic cell death. 
Thus, Zt/g4-DM1 in combination with chemo-
therapeutics could be a new strategy for tar-
geted PDAC therapy in the future.   
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Supplementary Figure 1. Effect of free DM1 in vitro on cell viability of PDAC cell lines. Four PDAC cell lines (8000 
cells per well in a 96-well plate in triplicate) were treated with different amounts of DM1 for 96 h. Cells without 
treatment were used as the control. Cell viability was determined by the MTS assay. Individual IC50 values for each 
cell line were calculated using GraphPad Prism 6 software. Results shown here were from one of three experiments 
with similar results. 

Supplementary Figure 2. Death of PDAC cells after Zt/g4-DM1 treatment: Three PDAC cell lines were cultured at 
8000 cells per well in a 96-well culture plate in triplicate and treated with different amount of Zt/g4-DM1 for 96 h. 
Morphological changes were observed under the Olympus BK-41 inverted microscope and photographed. Images 
showing cell death are presented. Quantitative analysis of cell death was presented in Figure 3E. One of two experi-
ments with similar results.


