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Abstract
Amatuximab is a promising therapeutic antibody targeting mesothelin, a 40-kDa glycoprotein that is
highly expressed in pancreatic cancer. We investigated the effectiveness of early amatuximab treatment,
imitating an adjuvant chemotherapy setting, and combination therapy with amatuximab and gemcitabine
in liver metastasis of pancreatic cancer. Liver metastasis mouse models were established in 8-week-old
male BALB/c nu/nu mice using the hemisplenic injection method. Tridaily amatuximab monotherapy or
combination with gemcitabine was administered to the liver metastasis mouse model before metastatic
lesions had formed huge masses. Gaussia luciferase-transfected AsPC-1 was used as a mesothelin-
overexpressing pancreatic cancer cell line. The amount of liver metastases and the serum luciferase
activity were signi�cantly lower in the treatment groups than those in the control IgG group. Notably, the
anti-tumor activity of gemcitabine was synergically enhanced by combination therapy with amatuximab.
Furthermore, western blotting revealed that the high expression of phosphorylated c-Met and AKT in liver
metastatic lesions treated with gemcitabine monotherapy was canceled by its combination with
amatuximab. This result indicated that the observed synergic therapeutic effect may have occurred as a
result of the inhibitory effect of amatuximab on the phosphorylation of c-Met and AKT, which were
promoted by exposure to GEM. In conclusion, our study revealed that early administration of amatuximab
alone or in combination with GEM signi�cantly suppressed the liver metastases of mesothelin-expressing
pancreatic cancer cells. A phase II clinical trial of amatuximab as part of an adjuvant chemotherapy
regimen for resected pancreatic cancer is expected.

Introduction
Pancreatic ductal adenocarcinoma (PDAC) is the fourth most common in the United States [1]. Surgical
resection remains the only potential curative treatment for PDAC, although the prognosis of PDAC is still
poor with a 5-year overall survival (OS) rate of approximately 20% even after curative surgical
resection [2-5]. With the development of adjuvant chemotherapy, including gemcitabine (GEM)- or
�uorouracil-based regimens, the prognosis of PDAC has improved to some extent, but the outcome
remains unsatisfactory [6-10]. On the other hand, liver recurrence tends to occur earlier than the other
recurrences, showing the worst prognosis in several large retrospective studies, which indicates the
clinical importance of controlling metastatic liver lesions for further improvement of patient survival [11-
13]. 

Mesothelin (MSLN) is a 40-kDa glycophosphatidylinositol-linked cell surface glycoprotein [14-16].
Although MSLN is normally expressed on human mesothelium, it is highly expressed in several malignant
tumors, including malignant mesothelioma[14], ovarian cancer[14,17], and pancreatic cancer [18,19]. In
these cancers, MSLN may have an important role in cell-to-cell and cell-to-mesothelium adhesion by
binding to MUC16 (CA125)[20,21], and functions to stimulate cell proliferation, invasion, migration, and
chemoradioresistance [16,22-27]. Moreover, higher expression of MSLN has been associated with poorer
prognosis in various types of neoplasms [18,28-33]. 
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Amatuximab is a chimerized high-a�nity monoclonal IgG1/k antibody targeting MSLN [34]. It blocks the
binding of MSLN to MUC16, resulting in the inhibition of heterotypic cell adhesion, and kills MSLN-
positive tumor cells via antibody-dependent cellular cytotoxicity (ADCC) [34,35]. Although a previous
study showed preferable anti-tumor activity of amatuximab alone or in combination with GEM in
pancreatic cancer in in vitro and in vivo studies, a phase II trial (NCT00570713) failed to demonstrate the
superiority of combination therapy with amatuximab and GEM compared with single GEM therapy in the
survival of patients with unresectable advanced PDAC. Insu�cient drug delivery could explain this
unfavorable result, such as a negative correlation between tumor size and tumor uptake of amatuximab
and/or heterogenous distribution of monoclonal antibody to a bulky pancreatic cancer [36-40].
Furthermore, because MSLN promotes anchorage-independent growth and prevents anoikis[27], any
cytotoxic effects of amatuximab may be maximized by administering it before a huge mass is formed by
the cancer cells. We previously reported the remarkable anti-adhesive effect of amatuximab in pancreatic
cancer cells, creating sherbet-like aggregates of cancer cells in the ascites of a xenograft peritoneal
dissemination mouse model, and showed that early administration of amatuximab enhanced the
sensitivity of GEM, leading to a signi�cant reduction in tumor burden [41]. Thus, we hypothesized that
amatuximab could still be a promising therapeutic agent in an adjuvant chemotherapy setting. However,
the effectiveness of amatuximab in metastatic pancreatic cancer remains unknown. Here, we
investigated the effectiveness of early amatuximab treatment on liver metastasis of pancreatic cancer
and demonstrated that the anti-tumor activity was enhanced by combination therapy with amatuximab
and GEM using a xenograft mouse model. 

Materials And Methods
Cell Culture

            AsPC-1, MIA-PaCa-2, and Panc-1 were obtained in January 2014 and Capan-2 was obtained in
May 2019 from the American Type Culture Collection (Manassas, VA, USA). ATCC uses morphology-,
karyotyping-, and polymerase chain reaction-based approaches to con�rm the identity of human cell
lines. All cells were stored in liquid nitrogen as original stocks and used for fewer than 3 months after
resuscitation from cryopreservation. They were maintained in RPMI-1640 or DMEM supplemented with
10% fetal bovine serum, 100 U/ml penicillin, and 100 μg/ml streptomycin, and were cultured in a
humidi�ed incubator containing 5% CO2 in air at 37°C. 

Reagents

            Amatuximab was obtained from Morphotek (Exton, PA, USA). Control whole molecule human IgG
and GEM were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan) and Eli Lilly
(Indianapolis, IN, USA), respectively. 

Western blot analysis and antibodies
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            Cells were seeded at a density of 1.5×106 cells in a 100-mm dish. After 48-h incubation at 37 °C,
the cells were harvested and washed with phosphate-buffered saline (PBS). For animal samples, resected
tissues were cut into minute pieces with scissors and a homogenizer. The samples were homogenized at
4°C in Nonidet P40 lysis buffer and a protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO, USA). After
centrifugation, extracted total protein lysates were titrated with Laemmli sample buffer solution (Bio-Rad,
Hercules, CA, USA) to a concentration of 1 µg/ml. Adjusted protein lysates (12 µg) were resolved by
electrophoresis and western blot analysis was performed as previously described [41]. Protein bands
were quanti�ed by densitometry using ChemiDoc XRSâ (Bio-Rad). Primary antibodies are described in
Supplemental Table 1.

Fluorescence-activated cell sorting (FACS) analysis 

            Cultured cells were washed and resuspended in PBS. Amatuximab, a primary antibody, was added
at 2 µg/ml and cells were incubated for 30 min on ice. The cells were washed with PBS and incubated
with 1 µg/ml FITC goat-anti-human IgG secondary antibody (SouthernBiotech, Birmingham, AL, USA) for
30 min. Finally, they were washed again with PBS and analyzed using a BD FACS Canto™ II �ow
cytometer (BD Biosciences, Franklin Lakes, NJ, USA). 

Immunohistochemistry

            Immunohistochemistry (IHC) staining was performed using the EnVision FLEX/HRP system (Dako
Japan, Tokyo, Japan). In summary, formalin-�xed para�n-embedded sections were mounted on charged
glass slides, depara�nized, and rehydrated through a graded ethanol series. Blocking was performed
with a peroxidase blocking reagent (Dako Japan). The sections were incubated with primary antibody
against MSLN (#TA308767; OriGene Technologies, Rockville, MD, USA) diluted to 1:500 at room
temperature for 30 min, and reacted with EnVision™ FLEX/HRP secondary antibody-coated polymer
peroxidase complexes (#SM802; Dako Japan) for 30 min followed by DAB substrate/chromogen. Finally,
slides were counterstained with hematoxylin, dehydrated, and mounted. 

Animals

            Seven-week-old male BALB/c nu/nu mice were purchased from Japan SLC, Inc. (Shizuoka, Japan).
They were maintained under pathogen-free conditions and allowed to adapt to the environment for 1–2
weeks before experiments. All procedures involving animals and their care were approved by the ethics
committee of Hokkaido University and were conducted under institutional guidelines for animal
experiments. 

Establishment of liver metastasis xenograft mouse model

General anesthesia was induced by 3% iso�urane and maintained by 1.75%–2% iso�urane during the
procedure. The spleen was exposed by left subcostal incision (Fig. 1A). An avascular area of splenic
hilum was dissected, and the spleen was cut into halves through the middle after double-clipping (Figure.
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1B,C). A total of 1´106 pancreatic cancer cells suspended in 100 µL PBS were injected into the lower half
of the spleen and the procedure was paused for 2 min to allow the cells to travel through the portal vein
(Fig. 1D). Then, the lower half of the spleen was removed with the clipping and ligation of proximal blood
vessels (Fig. 1E). After intra-abdominal irrigation with 20 mL normal sterile saline, the incision was
sutured and covered with surgical tape. Mice were killed on day 42 and a thorough review was performed
to identify any metastasis or abdominal dissemination.

Establishment of AsPC-1-Gluc and substrate preparation

            To estimate the tumor volume in vivo, we generated AsPC-1 cells stably expressing Gaussia
luciferase (Gluc), a secretory type of luciferase isolated from the marine copepod Gaussia princeps, as
previously reported [41]. Brie�y, AsPC-1 cells were transfected with vector carrying a Gluc gene using
FuGENE HD Transfection Reagent (Roche, Basel, Switzerland). Stably-transfected cells were selected in
400 g/ml G418 (Sigma-Aldrich) for 3 weeks. Pierce™ Gaussia Luciferase Glow Assay Kit (Thermo Fisher
Scienti�c, Waltham, MA, USA) was used to calculate Gluc activity according to the manufacturer’s
instructions. 

Correlation between the number of AsPC-1-Gluc cells or total tumor weight of liver metastases and
secreted Gluc activity in medium or serum

            AsPC-1-Gluc cells (5,000, 10,000, 20,000, 30,000, 40,000, 50,000) were seeded in a 96-well
microplate (n = 4) and incubated for 24 h. Subsequently, 10 µL of the supernatant was collected from
each well. In the mouse model, serum was collected from the tail vein with microhematocrit capillary
tubes. Ten microliters of these samples were mixed with reagent to calculate the Gluc activity in
accordance with the instructions of the luciferase assay kit, as described above.

Evaluation of the effects of single amatuximab treatment in an adjuvant setting in the liver metastasis
mouse models

First, we evaluate the therapeutic effect of single amatuximab on the formation of liver metastases.
Amatuximab or control IgG (60 mg/kg) was administered intravenously every third day to the liver
metastasis mouse models (n = 8). Treatment was initiated on the day of tumor inoculation. Serum
samples were collected from the tail vein every 7 days and mice were killed on day 42. Liver metastases
were dissected from normal liver tissues by microscopy and the total amount of tumor was measured.
Additionally, serum Gluc activity was calculated in accordance with the method described above.

Survival analysis of single amatuximab treatment in the liver metastasis mouse models

            Xenograft liver metastasis mouse models were generated with AsPC-1-Gluc cells according to the
same method described above. Amatuximab or control IgG (60 mg/kg) was administered intravenously
to mice every third day for the �rst 3 weeks after tumor inoculation. Mice were killed when massive
hemorrhagic ascites or severe cachexia, de�ned as a 15% decrease in body weight, was recognized.  



Page 6/19

Evaluation of the effect of combination therapy with amatuximab and gemcitabine in liver metastasis
mouse models and investigation of biological alterations in liver metastases

To evaluate the effectiveness of combination therapy with amatuximab and GEM, we modi�ed the
treatment model by administering drugs after tumor settlement had been con�rmed. In this model,
treatment was initiated on day 7 after tumor inoculation. Amatuximab or control IgG (60 mg/kg)
intravenously in combination with or without GEM (80 kg/mg) intraperitoneally was administered on
days 7, 10, and 13 (n = 6). Serum samples were collected from the tail vein every 7 days and mice were
killed on day 20. Whole liver specimens including metastases were �xed with formalin, embedded in
para�n, sliced sequentially at a thickness of 4 μm, and used for hematoxylin and eosin (H&E) staining.
The metastatic area was calculated using ImageJ software as the total area of �ve different views that
had predominant tumor metastases. The number of tumors was also counted in the same view.
Furthermore, serum Gluc activity was calculated in accordance with the method described above. Several
pieces of liver metastases obtained at the time of death were collected and analyzed for protein
expression by western blotting.

Statistical analysis

Correlations between two variables were evaluated with Pearson correlation coe�cient. The goodness-of-
�t of the model was expressed by R2. Continuous variables were expressed as mean ± standard error.
Differences in continuous variables between two groups and among multiple groups were compared
using Student’s t-test and the Tukey–Kramer method, respectively. Survival curves were determined using
the Kaplan–Meier method, and the log-rank test was used to compare the survival curves of the two
groups. The signi�cance level for all statistical testing was set at p < 0.05. All statistical analyses were
performed using JMP Pro 14.0.0 software (SAS Institute Inc., Cary, NC, USA).

Results
Mesothelin expression among pancreatic cancer cell lines

We previously reported MSLN expression in four human pancreatic cancer cell lines—AsPC-1, Capan-2,
MIA PaCa-2, and Panc-1—by western blotting, IHC, and FACS analysis [41,42]. We recon�rmed MSLN
expression in these cells by western blotting, revealing that AsPC-1 and Capan-2 expressed robust levels
of MSLN, whereas Panc-1 and MIA PaCa-2 did not (Supplemental Fig. 1). This result was compatible with
that obtained in the previous studies. However, all cell lines showed robust, comparable levels of MUC16
expression (Supplemental Fig. 1). 

Comparison of liver metastases in pancreatic cell lines

            We established a liver metastasis mouse model using AsPC-1, Capan-2, MIA PaCa-2, and Panc-1
according to the hemisplenic injection method described in the Methods section. Among four pancreatic
cancer cell lines, only AsPC-1 formed su�cient volumes of liver metastases by the hemisplenic injection
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method (Fig. 1F,G). H&E and IHC staining with anti-MSLN antibody demonstrated that multi-centric
lesions were broadly identi�ed in the liver (Fig. 1H,I). Metastases at other sites, such as intra-abdominal
lymph nodes, lung, and brain, and abdominal dissemination, were not recognized. The other three cell
lines—Capan-2, MIA PaCa-2, and Panc-1—created trivial liver metastasis that were not suitable to be used
in further experiments (Supplemental Fig. 2; n = 5).

Establishment of Gaussia luciferase-transfected AsPC-1 cells and correlations between Gluc activity and
the number of cells or the amount of liver metastases

We established an AsPC-1-Gluc cell line to calculate the tumor burden by measuring serum Gluc activity.
AsPC-1-Gluc cells expressed equivalent levels of MSLN and MUC16 to wild-type AsPC-1 cells
(Supplemental Fig. 3A), and FACS analysis con�rmed strong MSLN expression on the surface of both
AsPC-1 and AsPC-1-Gluc cells using amatuximab (MORAb-009) (Supplemental Fig. 3B). A signi�cant
strong correlation was shown between the number of cells and the Gluc activity in the medium
(Supplemental Fig. 3C; R2 = 0.981, P < 0.001). Furthermore, the Gluc activity in mouse serum was
signi�cantly correlated with the total tumor weight in liver metastasis mouse models (Supplemental Fig.
3D; R2 = 0.972, P < 0.001). 

Single amatuximab treatment suppressed the development of liver metastases in the xenograft mouse
model

            Single amatuximab treatment signi�cantly suppressed the formation of liver metastases in
xenograft mouse models compared with control IgG (Figure. 2A). The total weight of liver metastases in
the amatuximab group was lower than that in the control IgG group (100.1 ± 52.4 mg vs. 489.1 ± 164.9
mg, P = 0.041; Fig. 2B). Additionally, serum Gluc activity in the control IgG group on days 21, 35, and 42
was signi�cantly higher than that in the amatuximab group (Fig. 2C). However, the body weights of the
mice in the two groups were equivalent (P ≥ 0.05 at all points except on day 14), supporting the tumor-
speci�c targeting activity of amatuximab (Fig. 2D). 

Single amatuximab treatment prolonged overall survival in the xenograft mouse model

Figure 3 shows Kaplan–Meier curves of OS by treatment type. The median OS of mice in the two groups
was 54 days in the control IgG group and 61 days in the amatuximab group (P = 0.0256). There was no
metastasis at other sites of the body and all mice died of tumor embolism in the inferior vena cava
causing massive hemolytic ascites. 

Combination therapy with amatuximab and gemcitabine synergically suppressed the development of
liver metastases formation in the xenograft mouse model

            Representative H&E staining in the four groups treated with control IgG, amatuximab, control IgG +
GEM, and amatuximab + GEM are shown in Figure 4A. On ImageJ analysis, the mean area of metastatic
tumors in the amatuximab group, control IgG + GEM group, and amatuximab + GEM group was
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signi�cantly smaller than that in the control IgG group (8.4 ± 1.2 ´105 µm2, 8.9 ± 1.1 ´105 µm2, 3.4 ±
0.3 ´105 µm2, and 22.1 ± 1.2 ´105 µm2, respectively; P < 0.0001) (Fig. 4B). Furthermore, of those three
treatment groups, the amatuximab + GEM group had the smallest tumor area, which was statistically
signi�cant. Additionally, the mean number of tumors in the three treatment groups was signi�cantly lower
than that in the control IgG group (19.5 ± 3.0, 21.2 ± 3.5, 12.5 ± 1.7, and 33.5 ± 1.5, respectively; P <
0.0001) (Fig. 4C). Serum Gluc activity was signi�cantly lower in the amatuximab + GEM group than in the
control group on day 20 (10910 ± 383.6 relative light unit (RLU) vs. 22566.7 ± 4610.8 RLU; P = 0.012)
(Fig. 4D). The body weight of mice in all groups was equivalent (P ≥ 0.05 at all points) (Fig. 4E). 

Phosphorylation of c-Met and AKT was inhibited by combination therapy with amatuximab and
gemcitabine compared with gemcitabine monotherapy

            In further biological investigations of amatuximab, we focused on the c-Met/PI3K/AKT pathway.
Western blotting performed on lysates from metastatic tumors revealed signi�cantly higher expression of
phosphorylated c-Met and AKT in the control IgG + GEM group (single GEM treatment group) than in the
control group. However, this high expression of phosphorylated c-Met and AKT was inversely decreased
by combining GEM with amatuximab, suggesting the inhibitory effect of amatuximab on the
phosphorylation of c-Met and AKT. The levels of total c-Met and AKT were equivalent among all four
groups (Fig. 5A,B). 

Discussion
To develop an innovative adjuvant chemotherapy approach to inhibit liver metastasis of pancreatic
cancer, we performed preclinical evaluation of amatuximab by establishing a liver metastasis xenograft
mouse model in which we readily calculated the tumor burden by measuring the serum Gluc activity. Our
results revealed that early administration of amatuximab suppressed the liver metastases of MSLN-
overexpressing pancreatic cancer cells and prolonged survival in a xenograft mouse model. Additionally,
the anti-tumor activity of GEM was synergically enhanced by combination therapy with amatuximab.
Furthermore, higher expression of phosphorylated c-Met and AKT in liver metastatic lesions was observed
in the GEM group compared with mice treated with control IgG, amatuximab, and amatuximab and GEM
combination. This result indicated that the synergic therapeutic effect resulted from the inhibitory effect
of amatuximab on the phosphorylation of c-Met and AKT, which was promoted by the exposure to GEM.

Previous preclinical studies reported the effectiveness of single amatuximab on MSLN-expressing cancer
cells using a subcutaneous or an abdominal dissemination xenograft mouse model [34,41]. In these
studies, amatuximab exhibited synergistic cytotoxicity on MSLN-expressing cancer cells with GEM, while
single amatuximab treatment showed trivial or mild anti-tumor activity. Interestingly, the anti-tumor
activity of single amatuximab treatment was more robust in this study than that in previous studies. We
assume that this discrepancy may have arisen from the differences in drug distribution between the liver
and other sites. The biodistribution of amatuximab in mice has been thoroughly investigated by
radiological studies, and the liver uptake of amatuximab is larger than that of other gastrointestinal or
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musculoskeletal organs [39,40]. Furthermore, liver uptake is correlated positively to tumor size, whereas
an inverted correlation between tumor size and blood retention is observed. This suggests that
amatuximab has stronger cytotoxicity in smaller liver tumors, supporting the propriety of the early use of
amatuximab to prevent liver recurrence. Furthermore, the innate immune environment of nude mice is
much different between the liver and other organs. Because amatuximab targets cancers via ADCC
activity, the local population of macrophages and natural killer cells may have a critical role in the
cytotoxic mechanism of amatuximab. Although whether amatuximab, which is present in 83% of human
and 17% of murine sequences, can induce ADCC in human pancreatic cancer cells in a nude mouse is
unclear, several studies demonstrated that ADCC was stimulated by humanized/chimeric IgG from
murine mononuclear cells in human cancerous cells [43,44]. Another study illustrated the high a�nity of
human IgG to murine Fc gamma receptors, which indicated the possibility of human IgG subclasses
having similar relative Fc gamma receptor-mediated biological activity in mice, suggesting ADCC
involvement in our xenograft mouse model [45]. These �ndings highlight the robust therapeutic effect of
single amatuximab treatment to prevent liver metastasis of pancreatic cancer as well as its clinical
application as a promising agent for adjuvant chemotherapy. 

Notably, our results suggested that the synergic anti-tumor activity of combined amatuximab and GEM
treatment in MSLN-expressing cancer occurred through inhibition of the phosphorylation of c-Met and
AKT. The synergic therapeutic effect of amatuximab with GEM was reported in several in vivo studies, but
the exact biological mechanism through which amatuximab strengthens chemosensitivity has not yet
been thoroughly investigated [34,41]. Our recent in vitro study demonstrated that amatuximab
suppressed cell invasion and enhanced GEM sensitivity by regulating cancer stemness and by inhibiting
phosphorylated c-Met in MSLN-overexpressing pancreatic cancer cell lines [42]. However, activating the
PI3K/AKT pathway is considered as a potential mechanism by which pancreatic cancer acquires
chemoresistance [46,47]. In this context, Chang et al. reported that MSLN inhibits paclitaxel-induced
apoptosis via the PI3K/AKT pathway in a PI3K-dependent manner [23]. These �ndings underlie our
results of the synergic therapeutic effect of combination therapy with amatuximab and GEM to suppress
the liver metastases of pancreatic cancer. 

In the present study, we could not analyze the immunological reaction caused by amatuximab. Because
we established a xenograft model using a human-derived cancer cell line, a chimeric antibody, and a nude
mouse, an unnatural immune response may have inevitably occurred in our study. To understand the
precise immunological mechanism of amatuximab in cancer cells, the use of a humanized
NOD/SCID/gamma(c)(null) mouse is necessary. Furthermore, we only used an AsPC-1 cell-line derived
xenograft model. An additional investigation using multiple cell lines or a patient-derived xenograft
mouse model will provide us with more practical �ndings of amatuximab treatment and details of
amatuximab-driven molecular pathways. 

In conclusion, our study revealed that early administration of amatuximab alone or in combination with
GEM suppressed the liver metastases of MSLN-expressing pancreatic cancer cells. In addition to the
results of previous studies, which revealed the signi�cant therapeutic effect of amatuximab in
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subcutaneous tumors or abdominal dissemination of pancreatic cancer, our results strongly promote the
clinical use of early amatuximab treatment. A phase I clinical study revealed the detailed
pharmacokinetics of amatuximab and found it was well tolerated for clinical application[48], and thus a
phase II clinical trial of amatuximab as part of an adjuvant chemotherapy regimen for resected PDAC is
expected.

Abbreviations
ADCC, antibody-dependent cellular cytotoxicity; FACS, �uorescence-activated cell sorting; GEM,
gemcitabine; Gluc, Gaussia luciferase; H&E, hematoxylin and eosin; IHC, immunohistochemistry; MSLN,
mesothelin; OS, overall survival; PBS, phosphate-buffered saline; PDAC, pancreatic ductal
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Figures

Figure 1

Hemi-splenic injection method. (A) Laparotomy was performed by left subcostal incision along the spleen
under general anesthesia induced by 3% iso�urane. We extracted the spleen and dissected the avascular
area of the splenic hilum. (B) The spleen was dissected on the midline after clipping. (C) Then, we
restored the cranial half into the abdominal cavity. (D) We injected 100μl cell suspension into the splenic
parenchyma using a 30 G needle and held up the spleen for 2 min to allow the cells to pass through. (E)
After that, we clipped the hilar blood vessels and removed the caudal spleen. We irrigated the intra-
abdominal cavity with 20 mL sterile normal saline and made a running suture of the fascia and skin. The
wound was covered by surgical tape. (F) Gross �nding of liver metastases. (G) HE staining of liver
revealed multi-centric metastatic lesions. (H) The metastatic lesions were positive for mesothelin by
immunohistochemical staining with anti-mesothelin antibody.
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Figure 2

(A) Gross �ndings of liver metastases in the control IgG group and amatuximab group. The control IgG
group formed obviously more liver metastases than the amatuximab group (n = 8). (B) The total weight
of liver metastases of mice in the amatuximab group was signi�cantly lower than that in the control
group (100.1 ± 52.4 mg vs. 489.1 ± 164.9 mg, P = 0.041). (C) Serum Gluc activity on days 21, 35, and 42
was signi�cantly higher in the control group than in the amatuximab group; 14321.3 ± 1134.4 RLU vs.
10899 ± 710.2 RLU (P = 0.028), 41705 ± 10875.3 RLU vs. 16282.6 ± 2946.9 RLU (P = 0.041), and 90350 ±
31267.6 RLU vs. 22282.9 ± 5170.1 RLU (P = 0.0497), respectively. (D) Body weights of mice in the two
groups were equivalent (P > 0.05 at all points except on day 14; 23.0 ± 0.38 g in the control IgG group vs.
21.3 ± 0.57 g in the amatuximab group, P = 0.039).
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Figure 3

Tridaily amatuximab or control IgG treatment was initiated in the liver metastasis mouse models on the
same day of tumor inoculation (n = 5). The treatment period was set for 3 weeks. Mice in the
amatuximab group survived longer than those in the control group. The median OS of mice in the two
groups was 61 days in the control IgG group and 54 days in the amatuximab group (P = 0.0256).
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Figure 4

(A) Representative H&E �ndings demonstrated the greatest liver metastases in the control group and the
smallest in the amatuximab + GEM group. (B) On ImageJ analysis, the metastatic tumors in the three
treatment groups of amatuximab, control IgG + GEM, and amatuximab + GEM were signi�cantly smaller
in area than those in the control IgG group (8.4 ± 1.2 ×105 µm2, 8.9 ± 1.1 ×105 µm2, 3.4 ± 0.3 ×105 µm2,
and 22.1 ± 1.2 ×105 µm2, respectively; P < 0.0001). Furthermore, of these three treatment groups, the
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amatuximab + GEM group exhibited the signi�cantly smallest tumor area. (C) The number of tumors in
the three treatment groups was signi�cantly lower than that in the control IgG group (19.5 ± 3.0, 21.2 ±
3.5, 12.5 ± 1.7, and 33.5 ± 1.5, respectively; P < 0.0001). (D) Serum Gluc activity in the amatuximab +
GEM group was signi�cantly lower than that in the control group on day 20 (10910 ± 383.6 RLU vs.
22566.7 ± 4610.8 RLU, P = 0.012). (E) The average body weights of mice in all groups were equivalent (P
≥ 0.05 at all points).

Figure 5

(A) Protein expression of c-Met and AKT in the liver metastases of each treatment group was evaluated
by western blotting. The results showed signi�cantly higher levels of phosphorylated c-Met and AKT in
the control IgG + GEM group than in the other groups. However, the expression of total c-Met and AKT
was equivalent among all four groups. (B) These results were con�rmed by quanti�cation of blotting
data. Protein lysates were extracted from the liver metastases of all mice in each group (n = 6). The
quanti�ed values of phosphorylated c-Met and AKT were signi�cantly higher in the control IgG + GEM
group than in the other groups. The mean values of phosphorylated c-Met and AKT in each group were as
follows: 226573.3 ± 74141.5 RLU and 916478 ± 190552.5 RLU in the control IgG group, 1171036.6 ±
585276.0 RLU and 692315.3 ± 65489.7 RLU in the amatuximab group, 4049143.7 ± 811280.6 RLU and
2643160 ± 300584.1 RLU in the control IgG + GEM group, and 1415822.7 ± 390206.7 RLU and 1264898.6
± 141429.7 RLU in the amatuximab + GEM group.


