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Impact of the HGF Knockin Microenvironment on Epithelial-Mesenchymal Transition
and Cancer Stem Cells in a Non-Small Cell Lung Cancer Xenograft Model
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Epithelial-mesenchymal transition (EMT) is a cellular process by which epithelial cells acquire mesenchymal,
fibroblast-like properties, and display reduced adhesion and increased motility (1). EMT enables tumor cells to
invade surrounding tissues and generate distant metastases (Figure 1).

Evaluating EMT in FFPE tissue sections by IFA

A. Increased V:E ratio in the tumor tissue

hHGF knockin mice express elevated levels of human HGF in plasma
and significantly enhanced H596 tumor xenograft growth vs. SCID mice

Increased nuclear pY1235-MET expression in H596 xenografts
from hHGF knockin vs. SCID mice

CD133 expression is mutually exclusive with Slug in H596 tumors
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Reagents Rabbit monoclonal antibodies against 12 EMT transcription factors and cancer stem cell (CSC) markers, including SNAIL,
SLUG, SOX9, Goosecoid (GSC), and CD133, were previously generated and characterized (6). Commercial antibodies to CD44v6
(Ms Mab clone 2F10, R&D Systems), NANOG (goat polyclonal, R&D Systems), ALDH1 (RabMab clone EP1933Y; Abcam) and CD133
(Ms Mab AC133 and 293C3, Miltenyi ) were used as controls for CSC factor staining. Commercial antibodies to Snail (CST 3879),
Slug (CST 9585), and Sox9 (Millipore Ab5535), were used as controls to compare EMT transcription factor staining in FFPE tissues.

Animal models SCID/NCr (“SCID”) are immunocompromised mice homozygous for Prkdcsc® alleles, which are available from
Jackson Laboratory for Genomic Medicine (USA). The Prkdcscd mutation results in T- and B-cell deficiency, which is the basis for
the immunodeficient phenotype. The hHGFY/- and hHGFY/X mice (Hgftm1.1(HGF)Aveo pridlcscid/]) harbor either 1 (“hemi-") or 2
(“homozygous”) copies, respectively, of the “humanized” knockin mutation (hHGFX) that replaces exon 3—6 of the endogenous
mouse Hgf gene with exon 2—18 of the human Hgf gene. These mice were implanted with the human cancer cell line NCI-H596 (non-
small cell lung carcinoma, ATCC) by subcutaneous injection, and tumors were monitored for tumor growth.

NCI-H596 The NCI-H596 cell line has been previously reported to contain somatic intronic mutations leading to exon 14
deletion of the MET gene. This mutation leads to decreased Cbl binding in c-Met, prolonged protein stability, extended cell
signaling on HGF stimulation, and increased tumorigenicity (7).

Xenograft biopsy and tumor tissue microarrays (TMAs) Whole-xenograft tumors were collected by standard dissection
methods after they reached 300 mg in weight. Specimens were cut into two to four equal pieces with fine-point scissors or a
single-edge scalpel, and immediately flash frozen in a LN, pre-cooled, o-ring sealed, conical bottom-screw-capped 1.5-mL
Sarstedt cryovial by touching the biopsy to the inside of the tube within one minute of excision. Tubes with frozen tissues or
cells were pre-chilled on dry ice and were fixed in 10% neutral buffered formalin for 48 hours (Sigma Aldrich), and were
embedded in paraffin before being arrayed using a 1.0-mm core needle arrayer.

EMT immunofluorescence assay Formalin-fixed paraffin-embedded tissues (FFPEs), including TMAs, were cut into 5 um
sections and placed on slides, and staining was performed in a Bond-max Autostainer (Leica Microsystems). Heat-induced
antigen retrieval was performed in Citrate (pH 6.0) at 100°C for 10 minutes. For EMT multiplex IFA detection, directly
conjugated rabbit monoclonal antibodies to E-Cadherin (clone 36, AF488, BD Biosciences), Vimentin (clone V9, AF790, Santa
Cruz Biotechnology), and beta catenin (clone E247D, AF546, Epitomics) were used. Image acquisition was performed using an
Aperio FL Scanner and Spectrum Analysis software, as well as a wide-field fluorescent and confocal microscope (Nikon 90i
Andor Camera, NIS Elements Software). Image segmentation and quantitative multiplex analysis were performed using
Definiens Software (Tissue Studio Architect).

MET immunofluorescence assay Antigen retrieval was performed using Bond Epitope Retrieval Solution 2 (Leica) at 100°C
for 10 minutes. Multiplex immunofluorescence was performed on FFPE tumor tissues using 10 pug/mL of rabbit monoclonal
anti-pY1235-MET-DIG (digoxygenin, NCI clone 23111) as primary, followed by 10 ug/mL mouse monoclonal anti-DIG-AF546 as
the secondary antibody (Jackson Laboratories) and 2.5 ug/mL of rabbit monoclonal anti-total c-MET directly conjugated to
AF488 (clone D1C2, AF488, Cell Signaling Technologies).

Additional EMT transcription and CSC factor immunofluorescence analysis EMT multiplex IFA was performed on
adjacent tumor tissue sections using the EMT IFA antibody mixture described above but replacing beta catenin with the
following unconjugated rabbit monoclonal as the primary antibody: Snail 41-7, Slug 9-12, Sox9 15-4, Goosecoid (GSC) 1-5, or
CD133 47-10, and using 10 ug/mL of goat anti-rabbit AF546 (Life Technologies) as the secondary antibody. Additional adjacent
sections were stained with commercial antibodies to CD44v6 (AF488), Nanog (AF546), and ALDH1 (AF647) to control for CSC
identification in tumor tissues.

Electrochemiluminescent immunoassays of HGF The HGF protein was quantitated using a two-site electrochemiluminescent
immunoassay developed for use with a Meso Scale Discovery Sectorlmager 2400 plate reader, as previously described (8).
Antibodies for HGF capture (MAB-694)and detection (AF-294), and a purified recombinant HGF protein reference standard
(294-HG) were obtained from R&D Systems. The lower limit of detection for each assay is 0.75 pg/ml in the 96-well format
using a 25- microliter sample volume at a total protein concentration of 0.25 mg/ml.
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Characterization and selection of EMT and CSC monoclonal antibodies
for functional utility studies

Antibody WB WB WB IF Cell Model
Detected
. Detected Detected
Predicted endogenously Model systems
. . over-expressed over-expressed
Antibody Clone Name molecular size rotein size expressed rotein used for
(KD) P (KD) protein size (inpnucleus) in vitro studies
(KD)
anti-GSC GSC 1-5 * 28 Yes, 36 No Yes
anti-GSC GSC 32-4 * 28 No No No HMLE
VS.
anti-GSC GSC51-4 * 28 Yes, 20,36 No No HMLE-GSC
anti-GSC GSC 58-1 * 28 Yes,36 No Yes
. Millipore oy
anti-Sox 9 AB5535 56 Yes,56 Yes, 56 Yes MCF7-ras
anti-Sox 9 Sox 9 15-4 * 56 Yes, 56 Yes, 56 Yes Vs
- MCF7-ras-Sox9
anti-Sox 9 Sox 9 35-11 < 56 Yes, 56 Yes, 56 No
anti-Slug CST 9585 30 Yes, 36 Yes, 36 yes HMLE
anti-Slug Slug 2-3 . 30 Yes, 30,36 No No VS.
HMLE-SI
anti-Slug Slug 9-12 * 30 Yes, 36 No No dox—indicuegd
HMLE
anti-Snail CST 3879 W 30 Yes, 36 Yes Yes MCF10a
Vs.
HMLE-Snail
anti-Snail Snail 41-7 * 30 Yes, 36 No Yes dox-induced
MCF10a-Snail
anti-Fox C2 FoxC2 126-9 * 60 Yes, 60 No inconclusive HMLE
anti-Fox Q1 FoxQ1 38-2 * 41 No No inconclusive VS.
anti-Fox Q1 FoxQ1 46-5 * 41 No No inconclusive Namec
anti-CD133 Miltenyi AC133 T ~133 NP NP No (Cyto/PM) U87 (Low)
anti-CD133 Miltenyi 293C3 *ok ~97~133 NP NP No (Cyto/PM) vs
anti-CD133 CD133 47-10 * ~97-133 Yes Yes No (Cyto/PM) HT29 (High)
anti-CD133 CD133 133-3 * ~97-133 Yes Yes No (Cyto/PM)

Table 1. Rabbit monoclonal antibody clones were characterized in vitro using the selection criteria shown for each column to further select
a subset and test for the functional utility in FFPE tissues by IFA. Selected antibodies from each group are highlighted in yellow.
* indicates DCTD-NCI/Leidos-produced antibody

* indicates commercial antibody NP = not performed

NAMEC 8 Xenograft Immunofluorescence analysis showing endogenous EMT

and CSC transcription factor expression on FFPE tissues
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Figure 2: Comparative assessment of endogenous EMT/SC transcription factor expression in
NAMEC 8 vs. HMLE tissues or cell pellets using newly generated vs. commercial antibodies by
immunofluorescence. HMLE tissues/cells are human mammary epithelial cells (MECs) that had
previously been immortalized through the introduction of the hTERT and SV40 early region
genes (9). NAMEC (naturally arising mesenchymal cell) tissues are derived populations of HMLE
cells that had spontaneously undergone an EMT and stably resided thereafter in a mesenchymal
state. Hence, their phenotypic state was governed by endogenously expressed EMT-TFs.
Confocal immunofluorescent image panels show a comparison between endogenous staining of
EMT-TFs (brown stain) by DCTD-NCI/Leidos-generated antibodies (left panel) and commercial
antibodies (right panel) on NAMEC FFPE tissues. Table shows a summary of expression levels as
well as cellular localization for each EMT-TFs using newly generated vs. commercial antibodies in
Namec8 as well as HMLE control tissues. CD133 antibodies were tested for detection of
endogenous expression of CD133 by IFA using HT29 vs U87 cell pellet controls.
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Increased epithelial-mesenchymal transition in H596
tumor xenografts from hHGF knockin vs. SCID mice
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Figure 5. H596 tissues derived from hHGF knockin mice exhibit enhanced epithelial-mesenchymal transition particularly in tumor regions
adjacent to hHGF-containing mouse stroma compared to those derived from SCID mice.

A. Representative immunofluorescence image of TMA tumor tissue derived from hHGF knockin and SCID mice showing the various EMT image
layers. B. Scatter graph shows significant increases in the Vimentin to E-Cadherin ratio in H596 tissues obtained from hHGF knockin mice
compared to SCID mice. Each point corresponds to measurements obtained from an individual mouse.**P<0.022 vs. SCID; ***P<0.0006 vs. SCID.
C. Stacked bar graphs show that the mean expression levels per cell of E-Cadherin significantly decreased while that of Vimentin significantly
increased in tumors derived from the HGF knockin compared to SCID mice . E-Cadherin: *P<0.050 vs. SCID. Vimentin: **P=0.008 vs. SCID,
*P<0.050 vs. SCID. A slight increase in E/V colocalization was also observed in tumors from knockin vs. SCID control mice
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Figure 4. H596 tumor xenografts from hHGF knockin mice exhibit enhanced nuclear pY1235-MET expression compared to tumors obtained
from SCID mice. A. Top row panel shows representative monochromatic IFA images of TMA tumor tissues derived from hHGF knockin and SCID
mice showing pY1235-MET expression. Middle and lower panels show pY1235-MET (red) and nuclei (DAPI; blue) marker masks, respectively,
derived from Definiens image analysis. B. Scatter graph shows significant increases in pY1235-MET, expressed as %NAP (Nuclear Area Percentage),
in H596 tumors obtained from HGF knockin mice compared to SCID mice. Each point corresponds to measurements obtained from individual
mice.**P<0.0095 vs. SCID, *P<0.016 vs. SCID.

Elevated Slug expression in H596 xenografts from hHGF knockin mice,
specifically in tumor regions with reduced E-Cadherin expression
and those adjacent to surrounding mouse stroma
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Figure 6. H596 tumor xenografts from HGF knockin mice exhibit enhanced Slug expression in tumor regions with reduced E-Cadherin
expression and those adjacent to mouse stromal tissues. A. Representative immunofluorescence image of a TMA tumor tissue derived from
hHGF Ki and SCID mice, showing overlapping E-Cadherin (green) and Slug (9—-12, red) image layers (left panels) or just the Slug image layer (right
panels) with DAPI. B. Scatter graph shows increases in the Slug to E-Cadherin ratio in H596 tumor tissues obtained from hHGF Ki mice compared
to SCID mice. This data suggest that upregulated Slug expression is responsible for the downregulation of E-Cadherin levels in H596 tumors and
this event is most likely driven by factors derived from the hHGF</K mouse stromal microenvironment.

Increased nuclear Snail expression in H596 xenografts
from hHGF knockin vs. SCID control mice
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Figure 7. H596 tumor xenografts grown in HGF knockin mice exhibit enhanced Snail nuclear expression compared to tumors derived from SCID
mice. Immunofluorescence image panels show representative TMA tissues derived from hHGF knockin and SCID mice, showing overlapping layers
for Snail (41-7) with E-Cadherin (in green, left panels) or with just the single EMT-TF layer (in red, right panels with DAPI). Snail tissue expression
show nuclear localization, and appears to be enhanced in transitioning tumor regions (with diminished E-Cadherin staining) adjacent to hHGF-
containing stroma, especially in tumors derived from the knockin mice. This data suggest that upregulated expressions of Snail, along with Slug,
may be driving EMT in H596 tumors due to the hHGF knockin stromal microenvironment.

Figure 8. CD133 is expressed inversely as Slug in H596 tumor xenografts. Figures A and B show representative multiplex immunofluorescent EMT
and/or cancer stemness staining of H596 tumors grown in either SCID or hHGF*/kKimice. A. Two adjacent 5-um tissue sections from each tumor
(left and right panels) were stained with E-Cadherin and CD133 (47-10) or E-Cadherin and Slug (9-12), respectively. IFA images suggest that CD133
is expressed in a majority of cells in H596 tumors grown in SCID mice, but its expression diminishes in tumor cells that have undergone EMT in an
hHGF knockin microenvironment, as evidenced by the increased Slug staining in invading cells. Diminished CD133 expression is observed in
apparently invasive H596 tumor cells that have upregulated Slug expression. B. Other known CSC lung biomarkers such as CD44v6 and ALDH1 are
found to be co-expressed in the H596 tumor cells as CD133 in tumors grown in SCID. The expression of these markers appears to be
downregulated in tumors derived from hHGFX/K mice, suggesting that these markers also become downregulated in cells undergoing EMT in an
hHGF knockin microenvironment similar to CD133.

Summary and Conclusions

» Epithelial-mesenchymal transition was induced in H596 tumors when grown in hHGF/" or
hHGF/ki ys, SCID mice. This is evidenced by the significant increases in Vimentin:E-Cadherin ratios
as well as increases in the expression of EMT transcription factors Slug and Snail.

* Significant increases in nuclear pY1235-MET (measured by %NAP) were detected in H596 tumors
collected from hHGFX/- or hHGFX/ki vs. SCID mice.

* Varying levels of CSC marker expression, including CD44v6, CD133, and ALDH1 were detected in
the membrane or cytoplasm of noninvasive regions of H596 tumors in SCID mice and they appear
to be diminished in the hHGF knockin microenvironment.

* Slug and Snail expression were increased in transitioning tissue regions that are adjacent to hHGF-
containing stroma. The increased expression was coincident with diminished E-Cadherin
expression and enhanced vimentin expression.

* While Slug expression was predominantly cytoplasmic in invading tumor fronts, the expression
was mutually exclusive with CD133 noninvasive regions.

* Snail showed enhanced nuclear expression in tumor cells undergoing EMT.

* This is the first demonstration of EMT and changes in cancer stemness biology in NSCLC induced
by an hHGF knockin stromal microenvironment.

* This xenograft model, together with the various pharmacodynamic assays and/or reagents
described here, would be useful for testing anti cancer therapeutics that inhibit the c-MET
pathway and/or modulate cancer stemness and mitigate tumor metastasis in the clinic.
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