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Pharmacologic conversion of cancer-associated
fibroblasts from a protumor phenotype to an
antitumor phenotype improves the sensitivity of
pancreatic cancer to chemotherapeutics
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Figure 1. Meflin was involved in the regulation of Lox activity and collagen remodeling.

(a) The indicated plasmids were transfected into HEK293 cells, followed by IP with anti-HA antibodis and WB analysis. Lox
coprecipitated with HA-Meflin (asterisk). mMeflin, mouse Meflin; mLox, mouse Lox; SS, signal sequence; TCL, total cell lysate.
(b) Interaction of endogenous Meflin and Lox proteins. Cell lysates prepared from the fHDF/TERT166 fibroblast cell line (left) or
primary cultured human fibroblasts (NHDFs, right) were immunoprecipitated with anti-Meflin antibodies, followed by analysis of
eluates by WB with the indicated antibodies. Lox proteins coprecipitated with Meflin (asterisk).

(¢) Primary structure of human Meflin (top) and mouse Lox (middle). Lox comprises an amino-terminal SS, a pro-sequence, and a
catalytic domain (CD). (Bottom) Construct encoding the CD of Lox with an SS at the amino terminus. Dashed line: protein domains
responsible for the Lox/Meflin interaction.

(d) The indicated plasmids were cotransfected into 293FT cells, followed by IP with anti-HA antibodies and WB analysis. Meflin
interacted with the CD of mLox (asterisk).

(e) Conditioned medium from control Flp-In-293 cells or Flp-In-293 cells stably expressing mMeflin was mixed with recombinant
LoxI2 (0.25 and 0.5 pg/mL), followed by measurement of hydrogen peroxide using a fluorometric-based method. (Left) WB analysis
of Meflin expression in Flp-In-293 cells. RFU, relative fluorescence unit.

(f, g) Measurement of collagen alignment in the stroma of subcutaneous mT5 tumors developed in mice by SHG microscopy. Eight
to sixteen images from tissue sections of control tumors and tumors treated with Am80 were analyzed. Representative images (f) and
quantification of collagen alignment (g).

(h, i) Measurement of the stiffness of mT5 tumors developed in control mice (n = 14) and those treated with Am80 (n = 16). The
Young's modulus of the flat surfaces of tumors contacting the fascia of the panniculus carnosus muscle were measured (h). One or

two points were selected in each tumor, and each point was measured more than 5 times; quantification was performed (i).



Human PDAC, EUS-FNA samples, ISH: Meflin (ISLR)

Meflin high: Meflin* CAFs = 30% of all stromal cells

Meflin low: Meflin* CAFs < 30% of all stromal cells
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Figure 2. Numbers of Meflin" stromal cells correlated with response of patients with PDAC to chemotherapeutics and tumor vessel

area.

(a) Representative images of Meflin ISH analysis on formalin-fixed and paraffin-embedded (FFPE) sections of biopsy samples
obtained from patients with PDAC by endoscopic ultrasound-guided fine needle aspiration (EUS-FNA). Cases with 30% or more of
stromal cells positive for Meflin were classified as Meflin high (cases 1 and 2, upper panel), whereas others were classified as Meflin
low (cases 3 and 4, lower panel). Boxed areas were magnified in adjacent panels. Red arrows indicate Meflin® CAFs. Black arrows
indicate CAFs weakly positive for Meflin. T, tumor cells.

(b) Waterfall plots depicting tumor responses of patients with PDAC (N = 33), who received Gem, nabPTX plus Gem (GnP), or
FOLFIRINOX, evaluated by the Response Evaluation Criteria in Solid Tumors (RECIST) criteria. The table in the right panel shows
the numbers of patients classified by their response status and Meflin expression. The results of statistical analysis are also shown.
(¢) WT and Meflin-KO female mice at postnatal day (P) 42 were subcutaneously transplanted with mT5 mouse PDAC cells (1 x 10°

cells/mouse), followed by i.p. administration of Gem or saline three times every 2 days and sacrifice at day 25.

(d) Time course of the volumes of tumors developed in WT and Meflin-KO mice administered saline or Gem (left panel) and

quantification of tumor weight at the end of experiment (right panel).

(e) Representative images of tissue sections of WT and Meflin-KO mT5 tumors stained for CD31. Brown color denotes positivity.

IHC, immunohistochemistry.

(f) Schematic illustration depicting the method of quantification of CD31-stained blood vessel area and lumen of mT5 tumors in WT

and Meflin-KO mice, performed using ImageJ software (left panel). Quantification data are shown in middle and right panels.
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Figure 3. SeV-mediated transduction of Meflin induced increases in tumor vessel area and sensitivity to Gem.

(a, b) Recombinant SeV encoding DasherGFP (DGFP) or mouse Meflin and DGFP (mMeflin/DGFP) was used to infect mouse MSCs,
followed by western blot (WB) analysis with the indicated antibodies (a) and quantitative PCR (qPCR) for the indicated genes (b).
Mr, molecular marker.

(¢) WT female mice (P42) were subcutaneously transplanted with mT5 mouse PDAC cells (1 x 10° cells/mouse), followed by
intratumoral injection of the indicated SeV (3 x 107 CIU) at day 12 and sacrifice at day 19.

(d) Observation of GFP fluorescence in frozen sections prepared from mT5 tumors infected with SeV encoding DGFP (left) and
Meflin/DGFP (right) (upper panel). FFPE sections were also obtained from tumors and stained for Meflin (Zs/r) and a-SMA (Acta?2)
by ISH (middle and lower panels). Arrows indicate Meflin™ or Acta2™ CAFs.

(e-h) mT5 tumors transplanted into WT female mice (P42) were allowed to grow until reaching 50-100 mm?® in volume. Mice were
then injected with SeV encoding DGFP or Meflin/DGFP three times every 4 days and sacrificed on day 17 (e). Tumor volume was
measured (f), and THC for CD31 was performed to quantify the tumor vessel lumen and CD317 area (g, h).

(i, j) mT5 tumors transplanted into WT female mice (P42) were allowed to grow until reaching 50—100 mm?® in volume (day 0). Mice
were then injected with SeV encoding DGFP or Meflin/DGFP three times every 4 days (days 1, 5, and 9). The mice were i.p.
administered Gem four times on days 5, 8, 11, and 14 and then sacrificed on day 17 (i). Tumor volume was measured (j).
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Figure 4. Effects of Am80 administration on the expression of Meflin in CAFs and on tumor vessel area in a PDAC xenograft

mouse model.

(a) Primary cultured mouse MSCs were plated in the presence of DMSO, ATRA, Am80, and AMS580 for 48 h, and qPCR of the

indicated genes was performed.

(b—e) WT female mice (P42) were subcutaneously transplanted with mT5 mouse PDAC cells (1 x 10 cells/mouse), followed by oral
administration of Am80 (3 mg/kg, 0.5% carboxymethylcellulose [CMC] solution) every day for 14 days (b). Body weights of mice

(¢) and tumor volumes (d) were measured during the observation period. (e¢) Tumor weight on the day of sacrifice (day 22).

(f, g) Tissue sections prepared from control mT5 tumors (left) and those administered Am80 (right) were examined for Meflin and o-
SMA expression by ISH (f) and for CD31 expression by IHC (g). Meflin and a-SMA expression levels (f) and tumor vessel lumen
and CD31" areas (g) were calculated. For quantification of ISH signals, the number of dots per high-power (400x) microscopic field
(HPF) was counted, and 20 HPFs randomly selected from 5 animals were evaluated for each group. Asterisks denote tumor cells that

were negative for Meflin and a-SMA expression.
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Figure 5. Am80 administration improved tumor sensitivity to Gem and induced Meflin expression in CAFs in a subcutaneous PDAC
xenograft mouse model.

(a) WT female mice (P42) were subcutaneously transplanted with mT5 mouse PDAC cells (1 x 10° cells/mouse) on day 0, followed
by oral administration of Am80 from day 8 for 16 consecutive days. The mice were administered Gem from day 15 three times every
3 days and sacrificed on day 24.

(b—d) Measurement of the body weights of mice (b) and tumor volumes (c) during the observed period and of tumor weights on day
24 (d).

(e) Representative images of H&E-stained tissue sections of tumors prepared from the indicated groups. Boxed regions are magnified
in insets. Arrows denote necrotic cells with pyknotic nuclei. The numbers of necrotic cells were counted and quantified in the graph
shown in the right panel. Twenty-five images obtained from five tumors per group using a 20x objective lens were analyzed and
quantified.

(f, g) Tissue sections of tumors from the indicated groups were stained for Meflin and a-SMA by ISH (f), followed by quantification
of total dot numbers (g). Open and solid arrowheads denote Meflin® and a-SMA™ CAFs, respectively.

(h) Quantification of dFdC (Gem) delivered to tumors in the indicated groups after administration of Gem three times. Lysates
prepared from mT5 tumors treated with Gem (n = 17) and Gem plus Am80 (n =17) were added with stable isotope-labeled dFdC
(internal control) subjected to liquid chromatography-mass spectrometry analysis, followed by quantification of dFdC and the internal
control. The data are expressed as relative ratios of dFdC to the internal control.
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Figure 6. Increased tumor chemosensitivity by Am80 administration was mediated by alterations in Meflin expression in CAFs.
(a) Meflin-KO female mice (P42) were subcutaneously transplanted with mT5 mouse PDAC cells (1 x 10° cells/mouse) on day 0,
followed by oral administration of Am80 from day 8 for 16 consecutive days. Mice were administered Gem from day 15 three times

every 3 days and sacrificed on day 24.

(b—d) Measurement of the body weights of mice (b) and tumor volumes (¢) during the observation period, and tumor weights on day

24 (d).

(e, f) Representative images of H&E-stained tissue sections of tumors prepared from the indicated groups (e). Boxed regions are

magnified in insets. Arrows denote necrotic cells with pyknotic nuclei. The numbers of necrotic cells were counted and quantified in
the graph shown in (f).

(g, h) Tissue sections of tumors from the indicated groups were stained for a-SMA by ISH (g), followed by quantification of the total
dot numbers (h).





