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Supplement 

 

Material and Methods 

 

RNA isolation and RNA expression analysis 

RNA was isolated from the N-87, RN-87, OE-19, and ROE-19 cell lines using the NucleoSpin 

RNA isolation kit (Macherey-Nagel, Inc., Germany). A gene expression array analysis was carried 

out at a genome profiling/sequencing core facility (Functional Genomics Unit, University of 

Helsinki) using the human microarray platform (Clariom S; Thermo Fisher Scientific) with 

appropriate controls. The messenger RNA (mRNA) expression data were analyzed using the 

Transcriptome Analysis Console 4.0.0.25 (Thermo Fisher Scientific).  

 

Immunohistochemistry 

Tissue samples from xenograft tumors were fixed in 4% buffered formaldehyde for 24 h, processed 

into paraffin, and sectioned. For immunohistochemistry, 4 μm sections were deparaffinised 

followed by antigen-retrieval in a sodium citrate buffer (10 mM Sodium Citrate, pH 6.0) using a 

2100 Antigen Retriever (Aptum Biologics Ltd., Southampton, UK) following the manufacturer’s 

recommendations. After blocking for non-specific binding, the primary antibodies anti-EGFR 

(EGFR.113, Leica Biosystems, Newcastle, UK), anti-HER2 (CB11, Leica Biosystems), and M30 

CytoDeath (Sigma-Aldrich, St. Louis, USA) were applied at optimized concentrations and 

incubated overnight at 4°C. The primary antibody binding was detected using a BrightVision Poly-

HRP anti mouse kit (VWR, Radnor, USA) and 3,3′-diaminobenzidine (ImmPACT DAB, Vector 

Laboratories, Burlingame, CA, USA) following the manufacturer’s recommendations. The tissue 

sections were counterstained with hematoxylin. HER2 and EGFR expression visualized by 

immunohistochemistry was quantified semi-quantitatively using a scale negative (0), weakly 
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positive (+), moderately positive (++), or strongly positive (+++). M30 CytoDeath-positive 

apoptotic cells were counted from a minimum of 10 randomly selected representative tumor 

sections using 40x magnification of the Olympus BX50 microscope (Olympus Corporation, Tokyo, 

Japan). The data are presented as the average ±standard deviation of positive cells per one field. 

 

 

Fluorescence in situ hybridization 

Fluorescence in situ hybridization (FISH) of HER2 was done with a fully automated staining robot 

(PathCom Systems, Dublin, USA) using a fluorescein labeled genomic probe and a reagent kit from 

the manufacturer (Pathcom Systems). To visualize nuclei 0.3 µg/mL DAPI (Sigma-Aldrich) was 

used. A Zeiss Axio Imager Z2 epifluorescence microscope (Carl Zeiss, Göttingen, Germany) 

equipped with selective filters for the detection of fluorescein, and DAPI were used to image the 

samples. Fluorescence images were taken using a 100X (NA = 1.3) oil immersion objective. A total 

of 100 nonoverlapping tumor cells from each sample were scored for green signals. 

 

Flow cytometry 

Flow cytometry was carried out using an Accuri C6 Flow Cytometer (Accuri Cytometers, Inc., Ann 

Arbor, USA). Cell surface HER2 was quantified using the DAKO QIFIKIT (Agilent, Santa Clara, 

CA, USA) following the manufacturers' instructions. The cells were trypsinized and washed with 1 

% BSA in PBS. HER2-binding sites were saturated with an anti-HER2 primary antibody (9G6.10, 

Thermo Fisher Scientific) that does not compete with trastuzumab for binding (1) for 40 min at 4°C. 

The cells were washed twice with PBS, labeled with FITC-goat anti mouse IgG (GAMIG) included 

in the QIFIKIT for 40 min at 4°C. The cells were then washed twice with PBS and fixed in 1% 

formaldehyde. The number of HER2 molecules per cell was calculated from a calibration curve 
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constructed by plotting the fluorescence intensities of the calibration beads included in the 

QIFIKIT. 

 

For measuring cell ABCC1, ABCC2, and ABCG2 protein contents with flow cytometry, the cells 

were fixed in 3.5% formaldehyde-PBS for 15 min at room temperature (RT) followed by 

permeabilization with 0.1% Triton X-100 in PBS for 5 min at RT. After washing thrice with 1% 

BSA-PBS, the cells were incubated with the primary antibodies (either AlexaFluor647 anti-

ABCC1, BioLegend, San Diego, CA; anti-ABCC2, Abcam, Cambridge, U.K.; or phycoerythrin 

(PE)-ABCG2, BioLegend) for 1h at RT, washed, and labeled with AlexaFluor488-goat anti-mouse-

IgG (A488-GAMIG; Jackson ImmunoResearch, West Grove, USA), washed twice with PBS, and 

fixed in 1% formaldehyde. 

 

Extracellular vesicles (EVs) were harvested from the cell culture media to measure their T-DM1 

content and the T-DM1 binding capacity (TBC). Similar amounts of EVs (based on a nanoparticle 

tracking analysis) were incubated with 3 µL aldehyde/sulfate latex beads (diameter 4 µm; Thermo 

Fisher Scientific) for 15 min at RT. PBS was then added to a final volume of 1 mL, and the samples 

were incubated on a rotator wheel for 120 min at RT. The samples were then mixed with 110 μL of 

1M glycine and incubated for 30 min at RT, and washed with PBS with 2% BSA thrice. To assess 

the T-DM1 content of the EVs, the beads were suspended in 100 µL PBS with 2% BSA containing 

1 µL AlexaFluor488-goat anti-human-IgG (A488-GAHIG; Jackson ImmunoResearch), incubated 

for 30 min at RT. Then samples were washed with PBS twice and suspended in 130 µL PBS, and 

analyzed with flow cytometry. For assessing the TBC of the EVs, the beads were suspended in 100 

µL PBS with 2% BSA containing 25 µg/mL T-DM1 and incubated for 30 min at RT. The samples 

were then washed with PBS twice and suspended in 100 µL PBS with 2% BSA containing 1 µL 
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A488-GAHIG, and incubated for 30 min at RT. The samples were washed with PBS twice and 

suspended in 130 µL PBS, and analyzed with flow cytometry. 

 

Preparation of extracellular vesicle (EV)-depleted cell culture medium  

The EV-depleted cell culture medium was prepared as described elsewhere (2). In brief, the culture 

medium supplemented with nutrients and 20% fetal bovine serum (FBS) was centrifuged overnight 

at 100,000×g at 4°C in an Optima XL-80K Ultracentrifuge (Beckman Coulter, Brea, USA) with a 

50.2 Ti fixed-angle rotor. The supernatant, which equals the EV-depleted medium, was filtered 

through a 0.22-μm filter (Merck Millipore, Billerica, USA). The EV-depleted medium was diluted 

with a medium supplemented with nutrients and antibiotics, but not FBS, to reach about 10% FBS 

concentration. The EV-depleted medium was stored at 4°C until use. 

 

Isolation of EVs from cells treated with T-DM1 

Cells were placed into a culture flask with a 175 cm
2
 surface area. When confluency reached about 

75%, the cells were washed with PBS followed by incubation with either PBS or T-DM1 (25 

µg/mL) at 4 ºC for 30 min. The cells were then washed with cold PBS three times and incubated in 

an EV-depleted cell culture medium overnight at 37 ºC in cell culture incubator. The harvested 

medium was purified by serial centrifugations (1,000 x g for 15 min, 2,000 x g for 35 min, and 

10,000 x g for 35 min). The EVs were isolated from the final supernatant by ultracentrifugation 

(100,000 x g for 150 min) as described above, then suspended in PBS followed by one additional 

ultracentrifugation (100,000 x g for 150 min). The pellet was suspended in 300 µL PBS, and stored 

in Protein LoBind tubes (Eppendorf, Hamburg, Germany) at -80°C.  

 

Nanoparticle tracking analysis 
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Purified EV samples were analyzed with a nanoparticle tracking analysis (NTA) using a Nanosight 

model LM14 (NanoSight Technology, London, UK) equipped with a blue laser (404 nm, 70 mW) 

and an SCMOS camera. The samples were diluted in Dulbecco’s PBS, and three 60 s videos were 

recorded. The data were analyzed using an NTA software 3.0 with the detection threshold set at 5 

and the screen gain at 10. 

 

Supplementary table 1. The cell lines investigated 

Cell line Origin 
HER2 

status 

Reported sensitivity to 

T-DM1 

N-87 Human gastric cancer Positive Sensitive (3) 

RN-87 
Human gastric cancer, 

derived from N-87 
Positive Resistant, reported here 

OE-19 Human gastric cancer Positive Sensitive (3)  

ROE-19 
Human gastric cancer, 

derived from OE-19 
Positive Resistant, reported here 

SNU-216 Human gastric cancer Positive Resistant (3) 

JIMT-1 Human breast cancer Positive Sensitive (4) 

MCF-7 Human breast cancer Negative Resistant (3) 

 

Abbreviation: HER2, human epidermal growth factor receptor-2. 
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XMT-1522 Amino Acid Sequence 

 

>XMT 1522 Heavy Chain Amino Acid Sequence (Heavy chain variable region + IgG1 Heavy chain 

constant region)  

EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYSMNWVRQAPGKGLEWVSYISSSSSTI

YYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARGGHGYFDLWGRGTLVT

VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS

SGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGP

SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS

TYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT

KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQ

GNVFSCSVMHEALHNHYTQKSLSLSPG*  

CDRH1: FTFSSYSMN  

CDRH2: YISSSSSTIYYADSVKG  

CDRH3: GGHGYFDL  

 

>XMT 1522 Heavy Chain variable region nucleic acid sequence  

GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCTGAGAC

TCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTATAGCATGAACTGGGTCCGCCAG

GCTCCAGGGAAGGGGCTGGAGTGGGTTTCATACATTAGTAGTAGTAGTAGTACCATAT

ACTACGCAGACTCTGTGAAGGGCCGATTCACCATCTCCAGAGACAATGCCAAGAACTC

ACTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCGGTGTACTACTGCGCC

AGAGGTGGACACGGATATTTCGACCTATGGGGGAGAGGTACCTTGGTCACCGTCTCCT

CA  

 

>XMT 1522 Light Chain Amino Acid Sequence (Light chain variable region + Light chain constant 

region) 
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EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGASSRATGIP

DRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYHHSPLTFGGGTKVEIKRTVAAPSVFIFP

PSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTL

TLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC  

CDRL1: RASQSVSSSYLA  

CDRL2: GASSRAT  

CDRL3: QQYHHSPLT  

 

>XMT 1522 Light Chain variable region nucleic acid sequence  

GAAATTGTGTTGACGCAGTCTCCAGGCACCCTGTCTTTGTCTCCAGGGGAAAGAGCCA

CCCTCTCCTGCAGGGCCAGTCAGAGTGTTAGCAGCAGCTACTTAGCCTGGTACCAGCA

GAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATGGTGCATCCAGCAGGGCCACTGGC

ATCCCAGACAGGTTCAGTGGCAGTGGGTCTGGGACAGACTTCACTCTCACCATCAGCA

GACTGGAGCCTGAAGATTTTGCAGTGTATTACTGTCAGCAGTACCACCACAGTCCTCTC

ACTTTTGGCGGAGGGACCAAGGTTGAGATCAAA  
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XMT-1522 Structure 
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Supplementary Figure 1.   

HER2 expression in N-87 (A) and RN-87 (B) gastric cancer xenografts in immunohistochemistry. 

 

Supplementary Figure 2.  

Effect of T-DM1 and XMT-1522 on the survival of SCID mice with RN-87 xenografts. Survival 

was calculated either from the date of tumor inoculation (day 0, A) or from day 35 after inoculation 

when some mice treated with T-DM1 had the treatment switched to XMT-1522 (B), or from PBS to 

either T-DM1 or XMT-1522 (C).  

 

Supplementary Figure 3. 

Apoptotic cell counts in RN-87 and JIMT-1 xenografts after treatment with XMT-1522 or T-DM1. 

Left: More apoptotic cancer cells were present in RN-87 tumors when treated with XMT-1522 than 

in those treated with T-DM1. Right: Apoptotic cells were frequently present in JIMT-1 tumor 

xenografts that were treated with XMT-1522 and in tumors that progressed after being treated with 

the 1 mg/kg dose of XMT-1522 but were sensitive to the 3 mg/kg dose of XMT-1522 (XMT-1522, 

s.), whereas few apoptotic cells were present in the tumors that either progressed on T-DM1 (cont. 

T-DM1) or progressed on XMT-1522 (XMT-1522, r.).  

 

Supplementary Figure 4. 

Expression of HER2 and EGFR proteins in T-DM1 and XMT-1522 treated JIMT-1 xenografts. 

JIMT-1 tumors treated continuously with T-DM1 retained HER2 expression (graded ++) (B) and 

gained some EGFR expression (+) (G) compared to PBS-treated JIMT-1 tumors (-) (A, F). HER2 

expression (++) was also retained on XMT-1522-treated xenografts (C), these tumors were EGFR-

negative (H). The JIMT-1 tumor that ceased to respond to 1 mg/kg of XMT-1522 but was sensitive 



10 
 

(s.) to 3 mg/kg of XMT-1522 remained HER2-positive (++) and EGFR-negative (D, I). All four 

tumors that progressed first on T-DM1 and subsequently on XMT-1522 (r.) turned HER2-negative, 

and two started to express slightly EGFR (+) (E, J). Giant multinucleated cells (yellow arrows) and 

cells with aberrant mitotic morphology (white arrows) were observed in both T-DM1-treated and 

XMT-1522-treated xenografts. The bar = 30 µm. 

 

Supplementary Figure 5.  

HER2 amplification by single-color FISH (green signals) in the nuclei of JIMT-1 tumors treated 

with either PBS (A), T-DM1 (B), or XMT-1522 (C). A smaller number of HER2 gene copies per 

tumor cell was found in tumors that progressed on XMT-1522 as compared with T-DM1-treated 

tumors (P < 0.0001) (D). Note: before the XMT-1522 treatment, these tumors were heavily 

pretreated with T-DM1, and they initially responded to XMT-1522 (XMT-1522 after T-DM1). 

 

Supplementary Figure 6.  

Representative images of nanoparticle tracking analysis of extracellular vesicles harvested from T-

DM1-treated N-87 (A) and RN-87 cells (B). Substantial differences in the extracellular vesicle 

particle size distribution prepared from N-87 and RN-87 cells were not observed.  

 

Supplementary Figure 7.  

Immunoelectron microscopy images showing T-DM1 on extracellular vesicles (EV) harvested from 

T-DM1-treated RN-87 (A) or N-87 (B) cells. The arrows point at immuno-gold labelled T-DM1 on 

the EVs. The T-DM1 content (C) and T-DM1 binding capacity (D) of the EVs harvested from T-

DM1-treated RN-87 and N-87 cells. Higher amounts of T-DM1 were found in a flow cytometry 
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analysis on the EVs prepared from RN-87 than from N-87 cells (P = 0.036), and their T-DM1 

binding capacity was similarly higher (P = 0.037). 

 


