10

15

20

25

WO 2022/220757 PCT/SG2022/050226

Maintenance and/or culture of tissue slices in vitro or ex vivo

Field of the invention

The present invention relates to the maintenance and/or culture of tissue slices
in vitro or ex vivo. In particular, the invention relates to the maintenance and/or
culture of tumour slices. The tumour slices may be used for study of

cancer/tumour biology and in particular personalized drug testing.

Background of the invention

For the study of cancer/tumour biology, an understanding of the complex in vitro
environment of the tumour/cancer is important. For example, the field of
personalised oncology is on rapid ascent with the advent of tumour organoid
technologies which recapitulate cancer cell heterogeneity in patient tumours
(Drost and Clevers, 2018). However, these cancer organoid models are
inherently too simple as they lack many components of the tumour
microenvironment (TME) compared to the highly complex and heterogeneous
matrix and stromal landscape in patient tumours (Tang et al., 2021). Although
there have been efforts to incorporate the tumour stroma into organoid-based
cultures (Cattaneo ef al., 2020), these models do not account for stromal
heterogeneity and the unique spatial distribution of extracellular matrix, cancer
and stromal cells; all of which are important parameters that influence tumour
progression and the efficacy of TME-targeting drugs, especially immune
checkpoint inhibitors (ICIs) (Bruni et al., 2020).

On the other end of the tumour modeling spectrum, humanized (patient-derived
xenograft) PDX mice have been developed for the assessment of
immunotherapies but they are typically costly, low-throughput and time-
consuming to establish. Ex vivo patient-derived tumour explant cultures
(including tumour slices) involve the culture of fragments of resected human

tumours that potentially retain the entire TME of the original tumour. Although
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there is strong evidence for their ability to predict patient response to
chemotherapy, these platforms have not been widely adopted in translational
research likely because of the exponential use of cancer cell lines, organoids
and PDX model systems (all of which can be maintained for longer periods of
time) in the past few decades (Rowley et al., 2020). However, with the growing
recognition of the importance of patient-specific TME in mediating drug
response in patient tumours, especially for ICI, there is an urgent need to revive
patient-derived tumour slice models for the evaluation of TME-targeting

strategies and delineating mechanisms of resistance.

While advantageous in many aspects, subject-derived explant cultures are
limited by poor tissue viability ex vivo; typically the tissue disintegrates within a
short time-frame of about 3 to 6 days (Gerlach et al., 2014). This makes it highly
challenging to conduct drug testing and mechanistic studies which require
longer durations in culture. It is generally thought that a key contributing factor
to decreased viability over time in culture is hypoxia, following the removal of
tumour tissue from the blood supply (Davies et al., 2015). It remains highly
challenging to prolong the maintenance and culture of such subject-derived

explant cultures.

Current methods of culturing subject-derived explant cultures or tumour slices
typically rely on the use of artificial substrates, such as floating slice culture in a
petri dish, or the use of PTFE cell culture inserts (most widely used) for
mechanical support. While these culture conditions enable the culture of tumour
slices for a few days, the culture substrate is not optimized to the specific

requirements of the tissue to maintain/culture the explant or tumour slices.

Patent CN107217039B describes a method that enables 3D culture of tumour
tissue using hydrogels and compares hydrogel with Matrigel and Vitro-gel 3D
RGD as culture matrices. According to this patent, the use of hydrogel enables

better fixation of the tumour tissue to plastic dish, is of lower cost and is simpler
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to handle as compared to Matrigel. An optimized medium for culturing tissues
from a few cancer types is also described. However, there is no mention of the
composition of the hydrogel used in this patent, except that it is a synthetic
peptide bionanomaterial. More importantly, in this described method, it appears
that the tumour piece is completely embedded in three-dimensions (3D) within

the culture matrix.

Additionally, this patent describes a method utilizing tumour pieces cut by
ophthalmological instruments, which generates tumour pieces with non-uniform
surface areas and sizes which may not be suitable for downstream analysis
such as real-time imaging and other real-time study of the tissue in culture.
Moreover, this patent described a very limited downstream analysis process,
which involves fixation of the tissue in hydrogel for immunohistochemistry or

immunofluorescence.

The culture of normal lung tissue slices embedded in hydrogel has been
reported by Bailey et al., (2020). However, in this paper, the tissue slice is

completely sandwiched between two layers of hydrogel.

Further, Salas ef al. (2020) reported the use of unmodified alginate scaffolds to

culture tumour slices for uterine leiomyoma.

Overall, it is highly desirable to address the limitations of existing methods of

culturing tumour tissues ex vivo or in vitro, suitable for downstream analysis.

Summary of the invention

According to a first aspect, the present invention provides a method for

maintaining and/or culturing tissue slice; comprising:
(i) providing a tissue slice;

(ii) providing a hydrogel comprising conjugated peptides;
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(i) placing the tissue slice onto the hydrogel comprising conjugated

peptides; and

(iv) maintaining and/or culturing the tissue slice on the hydrogel using a

culture medium.

Importantly, it will be appreciated that the biochemical and biophysical
properties of the hydrogels may be modulated (tunable or adapted) for the
optimal maintenance and/or culture of the different types of tissue slices. The
method of the present invention may be used for maintaining and/or culturing
any tissue slice. For example, the tissue slice may be from a tumour.
Accordingly, the present invention may be used for maintaining and/or culturing
a tumour slice. It will further be appreciated that the method preserves the
composition of the tissue slice or tumour slice, in particular, the cell composition

of the tissue slice or tumour slice is preserved.

Any suitable hydrogel may be used for the present invention. Suitable hydrogels
include but are not limited to a polymer, a synthetic hydrogel, a semi-synthetic

hydrogel.

It will also be appreciated that the conjugated peptides of the hydrogel may be

for crosslinking the hydrogel and/or presenting biochemical cues.

Brief description of the figures

Figure 1. Schematic diagram of (a) workflow and (b) the hydrogel culture
configurations for tumour slices. The tumour slices were partially submerged

while layered on the HA hydrogel and thus an air-liquid interface is established.

Figure 2. HNSCC tumour slices stained with Calcein-AM and Propidium lodide
to stain live and dead cells in real time respectively. (A) Quantification of
propidium iodide-positive enables calculation of % live-cells over time. While

viability of tumour slices decline after 9 days in PTFE (black line), the decline is
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reduced in HA hydrogels (blue line). (B and C) Images depict confocal-imaged
tumour slices at Day 0, 2, 5, 9 and 12 days grown on PTFE cell culture inserts

or on HA hydrogels.

Figures 3A and 3B. Upon assessment of morphology by a pathologist,
hematoxylin and eosin-stained tissue sections showed no significant differences
(Figure 3A) between, or superiority in morphology of (Figure 3B), tumour slices
cultured on HA hydrogel compared to PTFE cell culture inserts. This suggests
that HA hydrogel is at the very least, comparable to current conventionally-used

PTFE cell culture inserts for maintenance of tumour slice ex vivo.

Figure 4. Effect of underlying support on tumour slice area (measure of
cellularity). (A) Quantification of changes in tumour slice area over time. Slices
were cultured either floating (no support) or with the use of PTFE cell culture
inserts. Greater shrinkage of tissue slice area was observed in the floating
condition, suggesting the importance of providing physical support of tumour
slices in culture. Bright field images taken of slices show efflux of cells from the

cultured tissues in the different culture configurations (floating and PTFE).

Figure 5. HA hydrogels with varying stiffnesses were fabricated to determine
whether hydrogel stiffness plays a role in maintaining tumour slice (HN 345)
viability ex vivo. To change hydrogel stiffness, HA concentration was varied
from 1.25% to 2.5% while keeping concentrations of RGD and PQ cross-linker
the same. Upon assessment of tissue area, it was found that tumour slices on
1.25% HA hydrogels (less stiff) shrank more rapidly than that on 2% and 2.5%
HA hydrogels. All data presented are from HNSCC patient tumours. PTFE cell
culture inserts (PTFE) were used as reference in all experiments. Left: Images
of tumour slice area tracked over 2 weeks in culture. Greater shrinkage of tissue
is observed for slices on 1.25% HA hydrogels and PTFE compared to 2%
hydrogels. Right: Quantification of tumour slice area (% of Day 0) shows more

rapid decrease in tumour slice area for slices cultured on 1.25% HA hydrogels
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and PTFE compared to 2% HA hydrogels. 2% HA hydrogels significantly better
preserve (p < 0.05) tumour slice area as compared to PTFE and 1.25% HA

hydrogels. * represents p < 0.05.

Figure 6. Consistent with data in Figure 5, 2% HA hydrogels best preserves
tumour slice area (for another patient tumour, HN358) as compared to 1.25%

HA hydrogels and PTFE cell culture inserts. * represents p < 0.05.

Figure 7. Confocal images of tumour slices cultured on PTFE cell culture
inserts, 1% HA hydrogels or 2% HA hydrogels, stained with Calcein-AM (green)
for live cells and propidium iodide (red) for dead cells. Qualitatively, at Day 12,
there were more dead cells (red) in 1% HA hydrogel. This illustrates the power
of using tunable hydrogels for identifying optimal hydrogel parameters for

maintaining tumour slice viability ex vivo.

Figure 8. Confocal images of tumour slices stained with Calcein-AM (green) for
live cells and propidium iodide (red) for dead cells. Qualitatively, at Day 12,
more dead cells (red) are observed for PTFE cell culture inserts and 1.25% HA
hydrogel groups as compared to 2% HA hydrogels, suggesting 2% HA
hydrogels best maintains tumour slice viability. Quantification of total nuclei
count through images in shows 2% HA hydrogels (black bar graph) better
preserves cell number in slices as compared to 1.25% HA hydrogels and PTFE.
* represents p<0.05. Statistical significance in overall viability (dots in graph)
was not reached between groups likely because normalization was done
against total nuclei count (bars in graph) of differing numbers. Results suggest
2% HA hydrogel best preserves cell number compared to 1.25% HA hydrogels

and PTFE cell culture inserts.

Figure 9. Morphology of cultured tumour slices. Hematoxylin and eosin (H&E)
staining was performed on the cultured tumour slices in both PTFE cell culture

inserts and 2% HA hydrogel groups.
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Figure 10. HA hydrogels maintain cell viability and better preserve cell numbers
than PTFE cell culture inserts for at least three patients. Quantification of viable
cells (propidium iodide-negative, top row) and total nuclei count (bottom row)
across different timepoint shows 2% HA hydrogels (black bar graph) better

preserves cell number in slices as compared to PTFE. * represents p<0.05.

Figure 11. HA hydrogels better preserve cell proliferation compared to PTFE
cell culture inserts. Al-based algorithm was used to quantify IHC images.
Quantification of Ki67-positive cells (Ki67/mm?2) by immunohistochemistry shows
higher proportion of Ki-67-positive cells in slices cultured on 2% HA hydrogels
compared to PTFE on Day 10. * represents p<0.1. Results suggest 2% HA
hydrogels better supports cell proliferation in slice cultures as compared to
PTFE.

Figure 12. To investigate parameters important for maintaining tumour slice
cultures such as hydrogel degradability and focal adhesion, non-degradable
crosslinker (isoPQ) and scrambled integrin-binding peptide sequence (RDG)
were used respectively. IsoPQ hydrogels have limited degradability as
compared to PQ hydrogels. Gross images (a) showed that PQ-hydrogels (2%
HA and RDG) degraded over time, which correlated with (b) more rapid
shrinking of the tumour slice measured by tissue slice area and (c) lower tumour
slice viability compared to isoPQ hydrogels. Results suggest that limited/no

degradation is a necessary feature of hydrogels for maintaining tumour slices.

Figure 13. Tunable hydrogels allow for independent investigations into
parameters that influence tumour slice viability. Results suggest that provision
of integrin-binding sites is necessary for preserving tumour slice area and cell
number. (A) Tumour slices were cultured on HA hydrogels that presented RGD
for integrin-binding versus the scrambled version (RDG), which does not
support integrin-binding. Quantification of tumour slice area (% of Day 0) over

time shows that HA-RGD hydrogels best preserves tumour slice area,



10

15

20

25

WO 2022/220757 PCT/SG2022/050226

compared to HA-RDG and floating groups. In the floating group, slices were
cultured without any underlying substrate. Data highlights the importance of
slice adhesion to the underlying substrate and how hydrogels can serve as a
tunable matrix to provide this support. * represents p<0.05. (B) Quantification of
total nuclei count by H&E staining (nuc/mm?2); results suggest that tumour slice
cell number is better preserved in the presence of integrin-binding sites (RGD),
which enable slice to have adhered to the underlying hydrogel. * represents
p<0.05.

Figure 14. Heatmap comparing apoptosis-related genes in tumour slices
cultured on HA-RGD or HA-RDG, for two patients — Patient 12 (HN382) and
Patient 14 (HN386). Higher expression levels of these pro-apoptotic genes are
observed in tumour slices cultured on HA-RDG, suggesting importance of RGD

in promoting cell survival in the hydrogel-cultured tumour slice.

Figure 15. Heatmap of YAP target genes in tumour slices cultured on HA-RGD
or HA-RDG, for two patients - Patient 12 (HN382) and Patient 14 (HN386).
Higher expression levels of these YAP-target genes are observed in tumour
slices cultured on HA-RGD as compared to HA-RDG.

Figure 16. Immunofluorescence staining for active YAP in tumour slices
cultured on HA-RGD vs HA-RDG. Higher YAP activity is observed in cells within
tumour slices on HA-RGD compared to those on HA-RDG. Scale bar: 50 um.

Figure 17. HA hydrogels preserve the original tumour composition of cultured
slices. Multiplex immunofluorescence was performed on slices (cultured on 2%
HA hydrogels or PTFE cell culture inserts) at Day O (original tumour) and after
3, 6 or 9 days in culture. (A) Confocal images of tumour slice sections stained
with DAPI (blue), and with antibodies against CD8 (green), PDPN (orange),
CD68 (yellow), CD31 (magenta), SMA (cyan), CKIEpCAM (red). Magnification,
200X. (B) Quantification of the proportion of different cancer and stromal cell

populations across 9 days in culture: tumour (cancer cells), cancer-associated
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fibroblasts (CAF_PDPN+ and CAF_a-SMA+), endothelial cells (EC), cytotoxic
T-cells (CTL), macrophages (M@). Results show HA hydrogels preserve major
cancer and stromal cell populations, and HA hydrogels better preserve the
proportion of cancer and major stromal populations as compared to PTFE cell

culture inserts.

Figure 18. Single cell-RNA sequencing for Patient 10 (HN377) reveals HA
hydrogels better maintain original tumour composition and heterogeneity in
cancer-associated fibroblasts (CAFs) than PTFE. (A) UMAP plots of original
tumour at Day O (left), slices cultured on HA hydrogel (HA 2%, middle), and
PTFE cell culture inserts (right) at Day 7. Consistent with results from multiplex
immunofluorescence (Figure 17), results show HA hydrogel preserves all major
cell types in the original tumour. Specifically, while HA hydrogels are able to
preserve CAFs (green cluster) and endothelial cells at Day 7, we observe the
loss of these populations in the PTFE group. (B) Quantification of the proportion
of various cancer and stromal populations shows that HA hydrogels better
maintains the original proportion of epithelial cancer (#1), T-cells (#2), tumour-
associated macrophages (TAMs) (#3), CAFs (#5), myofibroblasts (#6),
endothelial cells (#8), dendritic cells (#9) as compared to PTFE. (C) UMAP plots
of Epithelial (cancer), CAF, T-cell and TAM subpopulations of original tumour at
Day O (left column), and slices cultured on HA hydrogel (middle column) and
PTFE (right column) at Day 7. Results show that HA hydrogels preserve cancer,
CAF, T-cell and TAM heterogeneity (presence of subpopulations). The
presence of important T-cell subsets such as cytotoxic CD8+ T-cells, regulatory
T-cells (Treg) and CD4+ T-cells in slices cultured on HA hydrogels is especially
encouraging since these are important mediators of response and resistance to
ICI. Additionally, we observe presence of Ki-67-positive cancer cells in HA
hydrogels, indicating that HA hydrogels are able to preserve cancer proliferative
status, important for using the model to evaluate chemotherapeutics that target

actively dividing cells. Importantly, HA hydrogels are able to preserve CAF
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subpopulations i.e. myofibroblast CAFs (myCAFs) and inflammatory CAFs
(iCAFs), but not PTFE. This is a critical difference between HA hydrogels and
PTFE cell culture inserts as CAF subsets are highly investigated now as

mediators of ICl| response and resistance.

Figure 19. Single-cell RNA sequencing of Patient 13 (HN385) HNSCC tumour
and corresponding tumour slices also shows HA hydrogels maintain original
tumour composition for at least 7 days of culture, consistent with findings from
Patient 10 (HN377) in Figure 18.

Figure 20. scRNAseq reveals HA hydrogels better preserve gene expression
profile of cancer cells compared to PTFE cell culture inserts. Pearson
correlation coefficients (y-axis) for HA hydrogel (HA 2%) and original tumour,
versus PTFE and original tumour, for cancer-related pathways. Pearson
correlation coefficient measures the extent to which the expression of genes in
these cancer-related pathways in cancer cells is similar between HA hydrogels
(or PTFE) to the original tumour. The Pearson correlation coefficient is all above
0.8 for HA and PTFE, suggesting strong correlation of cancer gene expression
profiles for both systems to original tumour. However, we observe higher
correlation in the HA hydrogel group compared to PTFE for most of these
cancer-related signaling pathways, indicating that HA hydrogels better maintain
the gene expression profile of cancer cells in important cancer-related pathways

compared to PTFE.

Figure 21. Response of engineered HNSCC patient tumour slices to HNSCC
standard-of-care drugs, pembrolizumab (Pem, anti-PD-1) and cisplatin (Cis). (A)
Patient 6 (HN358). Flow histogram shows reduction of PD-1 expression in
CD8+ cytotoxic T-cells (56.8% vs 2.3%), indicating that pembrolizumab can
effectively block PD-1 within the tumour slices. Compared to control, a slight
decrease in granzyme B expression in CD8+ cells was also observed (8.9% vs

5.2%), suggesting degranulation has occurred. (B) Patient 7 (HN359): Flow
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histogram shows reduction of PD-1 expression in CD8+ cytotoxic T-cells (37.5%
vs 0.2%), again indicating that pembrolizumab can effectively block PD-1 within
the tumour slices. Here, contrasting with Patient 6 (HN358), a slight increase in
granzyme B expression in CD8+ cells was observed. (C) Tumour slices treated
with cisplatin or control can be processed for dual immunohistochemistry to
probe for pan-cytokeratin (brown, for cancer) and cleaved caspase-3 (red, for
apoptotic cells). (D) Tumour slices can also be processed for dual
immunofluorescence to stain for pan-cytokeratin (red), cleaved caspase-3
(green) and DAPI (blue, nuclei). (E) Quantification of cancer cell kill is achieved
by leveraging automated software to detect pan-cytokeratint and cleaved
caspase-3+ cells by dual IHC or IF. For Patient 6 (HN358), ~25% cleaved
caspase-3 positivity (apoptotic) was detected in cancer cells within
pembrolizumab-treated slices versus ~11% in controls at Day 2. ~12%
apoptotic cancer cells was detected in cisplatin-treated slices versus ~5% in
controls. (F) Quantification was performed the same for Patient 7 (HN359)
pembrolizumab-treated tumour slices. Unlike Patient 6 (HN358), no enhanced

tumour kill was observed in drug-treated slices.
Definitions

As used herein, the term “comprising” or “including” is to be interpreted as
specifying the presence of the stated features, integers, steps or components
as referred to, but does not preclude the presence or addition of one or more
features, integers, steps or components, or groups thereof. However, in context
with the present disclosure, the term “comprising” or “including” also includes
“consisting of”. The variations of the word “comprising”, such as "comprise” and
‘comprises”, and ‘including”, such as ‘include” and “includes”, have

correspondingly varied meanings.

As used herein, biochemical cues refer to cues that cells respond to in their

interaction with the culture substrate/material. These cues may or may not be
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present in the natural extracellular matrix. Biochemical cues are typically cell
surface proteins or extracellular matrix proteins (natural or synthetic), or parts of
cell surface proteins or extracellular matrix proteins (natural or synthetic). For
example, biochemical cues include but are not limited to RGD peptide or other
peptide sequences from collagen, laminin, fibronectin or perlecan, or the entire

peptide/protein.

Detailed description of the invention

Bibliographic references mentioned in the present specification are for
convenience listed in the form of a list of references and added at the end of the

examples.

According to a first aspect, the present invention provides a method for

maintaining and/or culturing tissue slices; comprising:
(i) providing a tissue slice;
(i) providing a hydrogel comprising conjugated peptides;

(iii) placing the tissue slice onto the hydrogel comprising conjugated

peptides; and

(iv) culturing the tissue slice on the hydrogel comprising conjugated

peptides using a culture medium.

Importantly, it will be appreciated that the biochemical and biophysical
properties of the hydrogels may be modulated (tunable or adapted) for the
optimal maintenance and/or culture of the different types of tissue slices. The
method of the present invention may be used for maintaining and/or culturing
any tissue slice. For example, the tissue slice may be from a tumour.
Accordingly, the present invention may be used for maintaining and/or culturing

a tumour slice. It will further be appreciated that the method preserves the
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composition of the tissue slice or tumour slice, in particular, the cell composition

of the tissue slice or tumour slice is preserved.

Any suitable hydrogel may be used for the present invention. Suitable hydrogels
include but are not limited to a polymer, a hydrogel, or a semi-synthetic
hydrogel. As an example, the polymer may be a natural polymer hydrogel. In

particular, the natural polymer hydrogel may be an alginate hydrogel.

An example of a suitable synthetic hydrogel may comprise a synthetic polymer.

In particular, the synthetic polymer may comprise poly(ethylene glycol).

As a further example, a suitable semi-synthetic hydrogel may comprise a
natural polymer modified with at least one chemical group. In particular, the
semi-synthetic hydrogel may comprise hyaluronan, collagen or gelatin modified
with at least one chemical group. For example, the chemical group may be for
crosslinking the hydrogel. The modification may be with a chemical group

comprising a thiol and/or an acrylate group.

It will be appreciated that the peptides may be conjugated to the hydrogel

backbone.

According to a further aspect, the semi-synthetic hydrogel comprises thiolated

hyaluronan with conjugated peptides.

It will further be appreciated that the conjugated peptides of the hydrogel may
be for crosslinking the hydrogel and/or presenting biochemical cues. Peptides
for crosslinking the hydrogel may comprise degradable or non-degradable
peptide sequences. The hydrogel for the invention may also comprise polymeric
crosslinkers for crosslinking the hydrogel. An example may be poly(ethylene
glycol)-diacrylate. Accordingly, the polymeric crosslinkers may or may not be

peptide crosslinkers.
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It will be appreciated that the crosslinking may be physical interactions, covalent

bonding or non-covalent bonding.

Accordingly, the hydrogel may comprise peptides degradable by matrix
metalloproteinases or other proteases. For example, the peptides
biodegradable by matrix metalloproteinases or other proteases may comprise
the sequence PQ. In particular, said peptide may comprise the sequence
KGGGPQGIWGQGK (SEQ ID NO: 1) or a scrambled derivative.

The hydrogel comprising peptides degradable by matrix metalloproteinases or
other proteases may further comprise at least one further set of peptides. The at
least one further set of peptide may present/provide biochemical cues. As an
example, the at least one further set of peptides comprise one or more types of
extracellular matrix protein or peptides comprising a peptide sequence derived
from an extracellular matrix protein. For example, said extracellular matrix

protein includes but is not limited to fibronectin, collagen and/or laminin.

In a further example, the at least one further set of peptides comprises the
sequence RGD or a scrambled derivative. In particular, the at least one further
set of peptides comprises the sequence GRGDS (SEQ ID NO: 2) or a
scrambled derivative. It will be appreciated that the RGD confers cell adhesive

properties to the hydrogel.

Alternatively, the peptides for any aspect of the present invention may comprise
one or more types of extracellular matrix protein, or peptides comprising a
peptide sequence derived from an extracellular matrix protein. For example,
said extracellular matrix protein includes but is not limited to fibronectin,
collagen and/or laminin. In particular, the peptides comprise the sequence RGD
or a scrambled derivative. More in particular, the peptide comprise the
sequence GRGDS (SEQ ID NO: 2) or a scrambled derivative.
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The peptides of any aspect, example or embodiment of the present invention

may comprise acrylated peptides.

It will be appreciated that physical or mechanical cues refers to cues sensed by
cells leading to mechanotransduction signaling. These cues may be provided in
the natural extracellular matrix in vivo. In the present invention, it will be
appreciated that physical or mechanical cues includes but is not limited to

stiffness and stress-relaxation properties of the hydrogel.

Where the hydrogel comprises a polymer, attaining the desired stiffness of the
hydrogel comprising conjugated peptide depends on the concentration of the
polymer. It will be appreciated varying the concentration of the polymer in the
hydrogel is one way to vary the stiffness of the hydrogel. An alternative way of
attaining the desired stiffness of the hydrogel comprises or further comprises

increasing or decreasing the concentration of crosslinkers in the hydrogel.

It will be appreciated that where the hydrogel requires crosslinking or comprises
crosslinkers, the tissue slice may be placed on the hydrogel as crosslinking of
the hydrogel occurs for achieving mechanical fixation of the tissue slice in the

hydrogel.

As a further aspect of the method of the present invention, step (iv) maintaining
and/or culturing the tissue slice on the hydrogel using a culture medium
comprises contacting the hydrogel with the culture medium. In particular,
contacting the hydrogel with the culture medium comprises substantially
submerging or partially submerging the hydrogel with the culture medium. More
in particular, the hydrogel is substantially submerged and the tissue slice is

partially submerged with the culture medium.

Any suitable culture medium may be used for maintaining and/or culturing the
tissue slice. In particular, the culture medium may comprise at least one ROCK
inhibitor.
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It will also be appreciated that where the cultured tissue slices require
characterization, the tissue slice may be subjected to single-cell studies such as
single-cell RNA sequencing to determine composition and gene expression

changes in the cultured tissue slice.

As a further aspect of the method of the present invention, further analyses
such as multi-dimensional flow cytometry or multiplex immunofluorescence

staining can be performed.

Having now generally described the invention, the same will be more readily
understood through reference to the following examples which are provided by

way of illustration, and are not intended to be limiting of the present invention.

It will be appreciated that a plurality of tissue slices may be cultured with each
tissue slice on a portion of the hydrogel or each tissue slice on a separate

hydrogel.
Each tissue slice may be of substantially uniform thickness.

The method of the present invention may further comprises direct real-time
imaging of the tissue slice. In addition, the method of the present invention may
further comprise testing the effect of at least one therapeutic agent or potential
therapeutic agent on the tissue slice. In particular, the at least one therapeutic
agent or potential therapeutic agent may be an immune checkpoint inhibitor. It
will appreciated that a therapeutic agent or a potential therapeutic agent may be
tested individually or in combination with one or more other therapeutic agent or
potential therapeutic agent. For example, an immune checkpoint inhibitor may
be tested individually or tested in combination with one or more other immune
checkpoint inhibitor. An immune checkpoint inhibitor may be tested in
combination with one or more other therapeutic agent. For example, the
method comprises comparing a tissue slice culture in a culture medium

comprising at least one therapeutic agent or potential therapeutic agent with a
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tissue slice cultured in culture medium without the therapeutic agent or potential
therapeutic agent. It will be appreciated that two or more therapeutic agent or

therapeutic agents may be tested and compared.

Examples

Example 1 Materials and Methods

HNSCC patient tumours

Resected tumour samples were collected from National Cancer Center
Singapore (NCCS, Singapore) with written consent obtained from patients and
in strict accordance with the institutional ethical guidelines of NCCS. The study
was approved by National University of Singapore Institutional Review Board
(NUS IRB). Fresh specimens were collected from a total of 15 patients over a

two-year period, along with relevant de-identified clinical data.
Tumour slice preparation

Primary tumour samples were obtained from surgical specimens in the head
and neck squamous cell carcinoma (HNSCC) patients who underwent curative
surgery. Tumours were resected from patients from the National Cancer Centre
Singapore. Tumour tissues were collected and transported in 4°C chilled 1X
Hanks’ Balanced Salt Solution (HBSS, Sigma) with Penicillin-Streptomycin (100
U/mL), Amphotericin B (0.25 pg/mL), and Gentamicin (10 pg/mL) (Gibco,
Thermofisher). Tumour tissues were processed within 2 — 5 h after removal
from the patient. Tumour tissues were then washed with sterile HBSS 3 times.
Tumour tissue slices were prepared at a thickness of 300 um using the
precision-cut vibrating-blade microtome (Leica VT1200S) and randomized
before distribution into groups. The tissue slices were cultivated in
supplemented Dulbecco's Modified Eagle Medium/Nutrient Mixture F-12

medium for 3 h.
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Culture configurations for tumour slices

In this example, tissue slices were maintained either submerged in medium
(floating), or placed/layered on Millicell Cell Culture inserts (PTFE, Merck
Millipore), or placed/layered directly on different hydrogel configurations. Each
different hydrogel configuration comprises thiolated hyaluronan (HA) as the
backbone polymer, with defined acrylated peptide sequences for crosslinking
the hydrogel. For floating condition, slices were placed in 12- or 24-well plate
and medium was added to submerge the slices completely. For PTFE culture,
slices were layered on the PTFE membrane, and medium was added up to the
level of the membrane. For tumour slice culture using hydrogel, hyaluronan
(HA)-based hydrogels were used. The hydrogel itself comprises thiolated
hyaluronan, acrylated GRGDS (SEQ ID NO: 2) (73.7 mg/ml) and acrylated PQ
peptides (40 mg/ml) at a volume ratio of 4:1:1 respectively. PQ represents the
amino acid sequence, KGGGPQGIWGQGK (SEQ ID NO: 1), that is degradable
by matrix metalloproteinases. Peptides were conjugated to acryl-PEG using
SVA-PEG-acryl (Laysan Bio) in a reaction between NHS esters and amines.
Acrylated PQ peptides serve as the crosslinker as the acrylate groups flanking
the PQ peptide react with thiols on HA via a Michael addition reaction.
Hydrogels can be changed in stiffness by modulating HA concentration (e.g. 1,
2, 3%) or by changing concentration of the PQ crosslinker. Additionally, different
biochemical cues can be conjugated to hydrogel besides RGD, such as peptide
sequences from collagen or laminin. Hydrogel solutions (30-50 uL) were
pipetted into well-plates and following which, tumour slices were placed/layered
on top during hydrogel crosslinking; the hydrogels were allowed to crosslink for
full 1h before culture medium was added (to the level of the tissue slice but not
submerging the tissue slice). It is important to layer the tumour slice while the
hydrogel is crosslinking (and not after crosslinking is over) to ensure that the
hydrogel solution ‘wraps’ around the tumour slice and prevents the tumour slice

from detaching off the hydrogel during culture (Figure 1B).
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Culture medium was supplemented with 10 ypM ROCK inhibitor (StemCell
Technologies) for 1 day. Subsequently, culture medium was replaced every 2
days. Slices were collected at various time points, either stained with viability
dye or fixed in 10% neutral buffered formalin for H&E and
immunohistochemistry (IHC). Gross tissue images were taken daily and

analysed using ImageJ to measure tissue area shrinkage.
Hydrogel fabrication

In this example, tissue slices were maintained either submerged in medium
(floating), or layered on Millicell Cell Culture inserts (PTFE, Merck Millipore), or
placed/layered directly on different HA hydrogel configurations. The hydrogel
consists of thiol-modified HA crosslinked using functionalized acrylated
peptides. Hydrogels can be modulated in stiffness by changing bulk HA polymer
concentration or by changing the concentration of crosslinker. RGD (or the
scrambled version, RDG) was conjugated to the HA hydrogel to confer integrin-

binding, cell-adhesive properties.
Layering/placing tumour slices on crosslinking hydrogel

In this example, hydrogel solutions were pipetted into well-plates and following
which, tumour slices were placed/layered on top during hydrogel cross-linking.
Culture medium was supplemented with 10 yM ROCK inhibitor (StemCell
Technologies) for 1 day. Subsequently, culture medium was replaced every 2

days.
Live-imaging for viability

At each designated timepoint, tumour slices were treated with Calcein-AM,
Propidium lodide and Hoescht before slices were imaged with a confocal
microscope. Slices in hydrogels were carefully transferred to a glass-bottom

dish for direct imaging. Images were assessed by quantification of the total
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number of nuclei, and percentage of propidium iodide-positive cells using a spot

detection algorithm.
Quantification of tumour slice area

Gross tissue images were taken daily and analysed using ImageJ to measure

tissue area shrinkage relative to Day 0.
Hematoxylin and eosin staining

Fixed tissue slices were collected, embedded in paraffin blocks, and sectioned.
For examination of histopathology, paraffin sections were stained with
hematoxylin and eosin. Briefly, sections were de-waxed in xylene and
rehydrated in graded ethanol, followed by incubation with dyes. Sections were

then dehydrated, cleared in xylene, and mounted.
Single-cell RNA sequencing analysis

To obtain a single-cell expression atlas of cultured HNSCC tumour slices, single
cell suspensions from dissociated tumour slices were combined with a master
mix for reverse transcription, Single Cell 5 Gel Beads and Partitioning Oil on
Chromium Chip A. The chip was loaded into a 10x Chromium Controller to
partition single cells to generate Gel Beads-in-Emulsion (GEM). After the
generation of GEMs, cells were lysed and mixed with reagents within
corresponding GEMs and reverse transcribed for first-strand cDNA synthesis.
Then, GEMs were broken and pooled for downstream cleanups to construct
lllumina-ready libraries, each with a unique Chromium i7 library barcode for
multiplexing purposes. Library was sequenced on a HiSeq system. The
objective of single-cell analyses is to identify the different cellular types and
subtypes within tumour slices. Cell Ranger pipelines from 10x Genomics were
used to perform alignment and generate feature-barcode matrices of UMI
counts. Clustering and gene expression analysis were performed using Seurat

package. Genes expressed in less than 3 cells were filtered out, as well as cells
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with less than 200 detected genes or more than 10% mitochondrial genes. The
remaining good quality cells were then clustered using Seurat and differentially
expressed genes generated for each cluster. Cancer and stromal cell clusters

were then identified based on differentially expressed genes.
Bulk RNA sequencing and analysis

Dissociated tumour slices were sequenced at the Duke-NUS Genome Biology
Facility (DGBF). Bulk RNA sequence alignment and conversion to counts (-
sjdbOverhang 149) were done using the STAR software, by mapping to the
hg38 reference genome (homo_sapiens_hg38). Next, to determine the
differentially expressed genes (DEGs), DESeg2 was used with the default
settings. Log fold change shrinkage was carried out using the apeglm package.
Significantly upregulated genes were determined by filtering for those with
adjusted p value less than 0.05, and DEG heatmaps of the scaled CPM were
plotted with ComplexHeatmap. To analyse YAP activity, a list of HNSCC-
relevant YAP targets was obtained from Hiemer et al., (2015); while apoptosis
markers were obtained from molecular signatures database’s (mSigDB)
hallmark apoptosis gene set. For gene set enrichment analysis (GSEA), genes
were ranked by decreasing log2 fold change and analysed using
clusterProfilers GSEA function at the default settings. Gene sets were obtained
from the Gene Ontology Biological Processes (GO:BP) collection in mSigDB.
Only enriched GO:BPpathways with False Discovery Rates of less than 0.05
were included. Dot plots were constructed with ggplot2. All statistical analyses

and figure plots were done on R.
Immunohistochemistry and immunofluorescence

H&E staining and dual IHC were performed on drug-treated and untreated
HNSCC slices. Briefly, slices were fixed, processed using the automatic tissue
processor, and embedded in paraffin. Paraffin blocks were sectioned and H&E

staining was performed. Dual IHC was performed using ChromoPlex 1 Dual
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Detection (Leica DS9665) with a high pH EDTA-based buffer (ER2, Leica
AR9640) for 20 min. A specific cocktail of antibodies was used to identify cancer
cell apoptosis, including pan-cytokeratin and cleaved caspase-3 antibody.
Standard immunofluorescence were performed with active YAP1. Image
acquisition was done using the slide scanning system. The images were
processed with a customized analysis profile using the nuclear segmentation

method to quantify the percentage of apoptotic cancer cells.
Multiplex Immunofluorescence

Tumour slices at each timepoint were fixed and sections were generated.
Following which, sections were stained with a panel of cancer and stromal
markers (pan-CK, PDPN, SMA, CD31, CD68 and CD8).

Flow cytometry

Tumour slices were first manually removed from the hydrogel and digested.
Dissociated cells were spun down, washed, and resuspended, and counted
using a cell counter. Prior to fixing, cells were stained for surface proteins with
fluorophore-conjugated antibodies and fixable dye. The cell suspension were
then washed with and fixed. Compensation was performed using single stains;
live cells and singlets were gated by gating on a dye differentiating live and

dead cells or on scatter characteristics or both.

Example 2. Results

2.1 Engineered hydrogel better preserves tumour slice area compared to PTFE
over time

In a preliminary study, hydrogel was observed to maintain viability of tumour
size over at least 9 days (Figure 2). It was also observed that the tumour slice in
HA hydrogels is morphologically comparable (Figure 3A) or superior (Figure 3B)

to PTFE across time.
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The two most commonly used culture configuration, floating and the use of
PTFE cell culture inserts were also compared to determine would be observable
and measurable differences. Strikingly, when tumour slices were cultured in the
absence of any underlying support (floating), a rapid decrease in tumour slice
area was observed over 12 days. This shrinkage of tissue was significantly less
pronounced when the tumour slices were cultured on PTFE (Figure 4). This
suggests that the provision of an underlying matrix support may reduce the
extent of unwanted cell loss from the tumour slice, and hence preserve tumour
tissue volume. It could not be determined whether this tissue shrinkage was due
to cell loss or contraction of the ECM. However, it was observed that in both
culture configurations, cells were found adhered on the culture plate for the
floating condition, and on the PTFE membrane surface (Figure 4). This
suggests that the provision of an underlying matrix support may reduce the
extent of unwanted cell loss from the tumour slice, and hence preserve tumour

tissue volume.

The effect of HA hydrogel stiffness and adhesivity on slice viability was
investigated. To modulate hydrogel stiffness, the bulk polymer concentration
was changed while keeping the crosslinker concentration constant. Using
preservation of tumour slice area as a surrogate measure of whether tumour
tissue volume is maintained, tumour slices were cultured on 1.25%, 2% or 2.5%
HA hydrogels as well as on PTFE cell culture inserts, which was used for all
experiments in this study for reference. As shown in Figure 5, a clear reduction
in tissue area was observed for all conditions; however, the decrease was
significantly more drastic in the 1.25% group. On the other hand, 2% HA
hydrogels best preserved tumour slice area over time, even better than the
PTFE group. The superiority of 2% HA hydrogels over 1.25% HA hydrogels and
PTFE in maintaining tumour slice area was confirmed with another patient

tumour (Figure 6).
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A qualitative evaluation of the effect of the stiffness of the hydrogel on slice
viability is shown in Figure 7, where we observed more dead cells in tumour
slices cultured on 1% HA hydrogels were observed as compared to 2% HA
hydrogels using live imaging. As further confirmation, live imaging of the tumour
slices with Hoescht, Calcein AM and Propidium lodide was performed, and this
showed that the number of nuclei in slices on 2% HA hydrogels was
significantly higher than that of 1.25%, even higher than PTFE (Figure 8). These
findings indicate that it is possible to optimize physical properties of the
underlying matrix using hydrogels to identify conditions that better preserve
tumour slices ex vivo than the use of PTFE cell culture inserts. Morphologically,
loss of tumour architecture was observed in tumour slices cultured on 1.25%
HA hydrogels, while tissue morphology was similarly preserved in 2% HA
hydrogel and PTFE groups (Figure 9). Accordingly, for subsequent studies, only
2% HA hydrogels were compared with PTFE. In sum, results here indicate the
power of using tunable hydrogels for identifying important hydrogel parameters

(such as stiffness) that govern tumour slice viability ex vivo.
2.2 HA hydrogel maintains tumour slice viability and proliferation

Beyond tissue volume and architecture, it was next investigated whether the
tunable hydrogels were also able to maintain tumour slice viability and
proliferation. Subjecting tumour slices to live-labeling for live and dead cells, the
total cell number as well as viability were quantified (Figure 10). Comparing
tumour slices cultured on 2% HA hydrogels to PTFE, there was no statistically
significant differences between the two groups. Tumour slice viability was
maintained in both systems for at least 2 weeks in culture at above 60% for over
4 patients. Furthermore, the percentage of Ki67-positive cells was higher in the
HA hydrogel compared to PTFE (Figure 11), suggesting that HA hydrogels are
conducive for the maintenance of tumour slice viability and proliferation, and in

some cases, even better than PTFE.
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2.3 Tuning hydrogel parameters enable identification of important parameters

governing tumour slice viability

Beyond hydrogel stiffness, it was further investigated whether tuning/modulating
hydrogel parameters such as adhesivity and degradability would contribute to
improved viability of tumour slices. Results are shown in Figures 12 and 13.
First, it was found that impeding hydrogel degradation using non-degradable
peptide sequences (isoPQ) better maintained tissue slice area (Figure 12A and
B) and enhanced tumour slice viability (Figure 12C) as compared to degradable
hydrogels (HA 2%) and PTFE. Second, focusing on the Arg-Gly-Asp (RGD)
sequence found in many ECM components (e.g. fibronectin), HNSCC tumour
slices were cultured on hydrogels with RGD or the scrambled version, RDG. It
was found that RGD is necessary for preserving tumour slice area and cell
number, presumably for enabling the tumour slice to remain adhered onto the
hydrogel (Figure 13A and 13B). These results highlight the importance of
leveraging tunable hydrogels for determining important hydrogel parameters

that enhance tumour slice viability ex vivo.

To further investigate whether the provision of integrin-binding affects the
phenotype of cells within the tumour slice, tumour slices cultured on HA-RGD or
HA-RDG were subjected to RNA sequencing. As shown in Figure 14, higher
expression levels of genes that are pro-apoptosis in the HA-RDG-cultured
tumour slices were observed compared to the HA-RGD-cultured tumour slices,
suggesting that the presentation of the RGD peptide enables recapitulation of
ECMe-integrin interactions necessary to prevent cell death. Given how Hippo
effectors YAP / TAZ act as mechanosensors by sensing modifications in the
extracellular matrix and mechanics through integrins, we asked whether YAP
activity was altered between the HA-RGD vs HA-RDG condition. As shown in
Figure 15, the upregulation of many genes associated with YAP activation in
tumour slices that were cultured on HA-RGD was observed, suggesting that

HA-RGD promotes integrin-mediated YAP activation. This finding was validated
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by performing immunofluorescence staining for YAP in the tumour slices and
confirmed the presence of more YAP-active cells in tumour slices cultured on
HA-RGD, as compared to HA-RDG (Figure 16). In sum, our results here
demonstrate the utility of semi-synthetic/synthetic hydrogels for tuning and
investigating the effects of different biochemical and biophysical matrix

parameters on tumour slice culture.

2.4 Engineered tumour slices better preserve original fumour composition as
compared to PTFE

Multiplex immunofluorescence was used to deeply characterize the composition
of the cultured tumour slices. As shown in Figure 17, using key markers for
cancer, CAFs, endothelial cells, macrophages and cytotoxic T-cells,
preservation of all key cancer and stromal cell types in our engineered tumour
slice cultures was observed. It was also observed that HA hydrogels better
preserve the cancer and stromal populations as compared to PTFE. Strikingly
and corroborating multiplex immunofluorescence findings, when tumour slices
cultured in the two systems were subjected to single-cell RNA sequencing,
enhanced preservation of most cell types (cancer, T-cells, macrophages,
endothelial, CAFs, dendritic cells etc.) in tumour slices that were cultured on HA
hydrogels was observed compared to slices cultured on PTFE (Figure 18A and
B). Notably, the myofibroblasts, CAFs and endothelial populations were lost in
PTFE cultures, but not in the HA hydrogels. Furthermore, it was found that at
the subpopulation level, while various T-cell and macrophage subpopulations
were preserved in both HA hydrogel and PTFE cultures, there was a clear loss
of CAF subpopulations (myofibroblastic CAFs and inflammatory CAFs) (Figure
18C). The presence of important T-cell subsets such as cytotoxic CD8+ T-cells,
regulatory T-cells (Treg) and CD4+ T-cells in slices cultured on HA hydrogels is
especially encouraging since these are important mediators of response and
resistance to ICI. The presence of Ki-67-positive cancer cells was also

observed in HA hydrogels, indicating that HA hydrogels are able to preserve
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cancer proliferative status, an important parameter to maintain in order to use
the model for evaluating chemotherapeutics that target actively dividing cells.
We confirmed that HA hydrogels are able to preserve major cell populations by
performing single-cell RNA sequencing analysis of tumour slice cultures
generated from another patient (Figure 19). Together, these results suggest that
HA hydrogels provide a more in vivo-like environment that enables maintenance
of tumour composition as compared to PTFE, even at 7 days in culture. Lastly,
given the importance of preserving the molecular profile of cancer cells in slice
cultures, we compared the expression of genes in key cancer-related pathways
within cancer cells (including MAPK, Wnt and PI3-Akt) in the slice cultures on
HA hydrogel vs PTFE. As shown in Figure 20, greater correlation in the
expression level of genes in slices that were cultured on HA hydrogels was
observed, suggesting that HA hydrogels are better able to preserve the gene

expression profile of cancer cells as compared to PTFE.

2.5 Engineered tumour slices reflect inter-patient heterogeneity in response to
immune checkpoint blockade

Since the engineered tumour slice cultures cultured using hydrogels are able to
preserve the entire TME for at least 7 days in culture, including key cell types
such as CAFs and the various immune cell populations, an investigation into
whether these slice cultures could be used for evaluating the efficacy of immune
checkpoint inhibitors was conducted. The plan was to determine whether anti-
PD1 antibodies would be able to effectively penetrate and bind to PD1 on CD8+
T-cells, since the tissue itself may present as a barrier for antibody diffusion.
Using flow cytometry, it was shown that the expression of PD1 on CD8+ T-cells
in engineered tumour slices that were treated with pembrolizumab was almost
completely blocked (Figure 21A and B), indicating that these slice cultures
would be amenable for the evaluation of antibody-based drugs such as
pembrolizumab. Additionally, for one patient in (Figure 21A), a decrease in

granzyme B over time was observed, suggesting degranulation has occurred.
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However, granzyme B slightly increased for another patient (Figure 21B).
Although no clinical correlation was able to be performed in the time-frame of
this study, the results suggest that the engineered slice cultures using hydrogels
are able to reflect inter-patient heterogeneity in response to immune checkpoint
blockade. Figures 21C and D show that drug response readouts can be

obtained by leveraging immunohistochemistry or immunofluorescence staining.
Discussion

The importance of leveraging optimized biomaterials to enhance the
preservation of patient-derived tumour slices as compared to the use of
conventional plastic (PTFE) membrane inserts was demonstrated. Significantly,
using a semi-synthetic hydrogel system to modulate stiffness and adhesivity,
the dependency of tumour slice tissue integrity and molecular profile on material
properties was observed. By culturing patient-derived tumour slices on integrin-
binding hydrogels, the resulting engineered tumour slices not only maintain the
original proportions of cancer and stromal cell populations, but also reflect inter-

patient heterogeneity in response to immune checkpoint blockade.

Through altering the bulk polymer concentration to modulate hydrogel stiffness,
the resulting differences in preservation of tumour slice area and morphology
indicate the importance of optimizing material physical properties to maintain
tissue integrity. As the loss of tissue integrity and architecture in the 1.25% HA
hydrogels could also be attributed to the loss of hydrogel structure as a result of
hydrogel degradation over time, work is ongoing our laboratories to probe the
relationship between stiffness, hydrogel degradation and tumour slice integrity
using non-degradable crosslinkers. Nevertheless, our results are consistent with
previous studies reporting the importance of an underlying support to
mechanically immobilize tumour slices ex vivo, without which, floating tissues
lose architecture and viability (Davies et al., 2015). It was further observed that

the presentation of RGD to engage integrins reduced the expression of pro-



10

15

20

25

WO 2022/220757 PCT/SG2022/050226

29

apoptotic genes as compared to the use of RDG. Furthermore, YAP activity was
enhanced in the presence of RGD. Significantly, the powerful potential of
leveraging tunable synthetic hydrogels to probe cell-ECM interactions that can
maintain and potentially prolong tumour slice culture ex vivo was observed. This
has never been shown, and cannot be done were naturally-derived matrices

such as collagen or alginate gels used.

Although there have been many numerous reported studies on the development
of tumour slice cultures, none have performed comprehensive characterization
of tumour slice composition and molecular profile. In seeking to compare our
engineered tumour slice cultures to those grown on conventional membrane
inserts, deep characterization using scRNAseq was used. The enhanced
preservation of cancer and stromal populations in the present engineered HA
hydrogels clearly demonstrates the importance of leveraging biomaterials to
augment current tumour slice culture methods, which are typically based on
inert plastic membranes such as PTFE. The present findings demonstrate how
manipulating tissue-biomaterial interactions may also control the behavior of
cells present in tissue slices. That CAFs and myofibroblasts were maintained in
the present engineered tumour slice cultures suggest the importance of
providing integrin-binding sites to enable these mesenchymal cells to survive in
vitro. Preservation of the immune and CAF populations and subpopulations
(myofibroblastic CAFs and inflammatory CAFs) represents an unexpected
finding that has important impact in the field of stromal biology intersecting with
immuno-oncology. At present, there is a lack of preclinical in vitro and ex vivo
tumour models that can recapitulate CAF heterogeneity found in patient
tumours (Tang et al., 2021). Understanding and targeting CAF heterogeneity is
now an important research strategy in overcoming resistance to immune
checkpoint blockade (Harryvan et al., (2019). Accordingly, the present

engineered tumour slice platform provides an urgently needed tool for validating
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CAF-targeting approaches either alone or in combination with immune

checkpoint inhibitors.

Although predictive biomarkers (such as PD-L1 expression, immune signatures,
and total mutational burden) that can predict the response of patients to
immune checkpoint blockade exist, none are robustly predictive. It is likely that
the complex and evolving TME determines ICI efficacy in each patient. Tumour
explant cultures that maintain the original TME of patient tumours ex vivo
enable the study of both baseline properties of a tumour and dynamics of
treatment response. For example, Voabil et al, 2021 recently developed a
patient-derived tumour fragment platform to elucidate the early immunological
response (within 48h) of human tumour tissue to ex vivo PD-1 blockade and
determined biomarkers of response to immune checkpoint blockade. In a similar
vein, the present tumour slice cultures can be leveraged to dissect changes that
occur upon PD-1 blockade. The data provided herein suggests that the present
engineered slice cultures are capable of reflecting inter-patient heterogeneity in

response to PD-1 blockade that can be correlated to eventual patient outcome.
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Claims

1.

10.

A method for maintaining and/or culturing tissue slices; comprising:
(i) providing a tissue slice;
(i) providing a hydrogel comprising conjugated peptides;

(iii) placing the tissue slice onto the hydrogel comprising conjugated
peptides; and

(iv) maintaining and/or culturing the tissue slice on the hydrogel using a
culture medium.

The method according to claim 1, wherein the hydrogel comprises a
polymer.

The method according to claim 1 or 2, wherein the hydrogel comprises a
synthetic hydrogel or a semi-synthetic hydrogel.

The method according to claim 3, wherein the synthetic hydrogel
comprises a synthetic polymer.

The method according to claim 4, wherein the synthetic polymer
comprises poly(ethylene glycol).

The method according to any one of claims 1-3, wherein the semi-
synthetic hydrogel comprises a natural polymer modified with at least one
chemical group.

The method according to claim 6, wherein the semi-synthetic hydrogel
comprises a hyaluronan, collagen or gelatin modified with at least one
chemical group.

The method according to claim 6 or 7, wherein the chemical group is for
crosslinking the hydrogel.

The method according to any one of claims 1 to 5, wherein the hydrogel
comprises polymeric crosslinkers for crosslinking the hydrogel.

The method according to claim 6 or 7, wherein the chemical group
comprises a thiol and/or an acrylate group.
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The method according to any one of claims 3 or 6 to 10, wherein the semi-
synthetic hydrogel comprises thiolated hyaluronan with conjugated
peptides.

The method according any one of claims 1 to 11, wherein the peptides are
for crosslinking the hydrogel and/or presenting/providing biochemical cues.

The method according to claim 12, wherein the peptides for crosslinking
the hydrogel comprises degradable or non-degradable peptide
sequences.

The method according to any one of the preceding claims, wherein the
peptides comprise a peptide degradable by matrix metalloproteinases or
other proteases.

The method according claim 14, wherein the peptides comprise the
sequence PQ.

The method according to claim 14 or 15, wherein the peptides comprises
the sequence KGGGPQGIWGQGK (SEQ ID NO: 1) or a scrambled
derivative.

The method according to any one of claims 14 to 16, wherein the
hydrogel further comprises at least one further set of peptides.

The method according to claim 17, wherein the at least one further set of
peptides present/provide biochemical cues.

The method according to claim 18, wherein the at least one further set of
peptides comprise one or more types of extracellular matrix protein or
peptides comprising a peptide sequence derived from an extracellular
matrix protein.

The method according to claim 19, wherein the extracellular matrix
protein comprises fibronectin, collagen and/or laminin.

The method according to claims 17 to 19, wherein the at least one further
set of peptides comprises the sequence RGD or a scrambled derivative.

The method according to any one of claims 17 to 21, wherein the at least
one further set of peptides comprises the sequence GRGDS (SEQ ID
NO: 2) or a scrambled derivative.

The method according to any one of claims 1 to 12, wherein the peptides
comprise one or more types of extracellular matrix protein, or peptides
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comprising a peptide sequence derived from an extracellular matrix
protein.

The method according to claim 23, wherein the extracellular matrix
protein comprises fibronectin, collagen and/or laminin.

The method according to claim 23 or 24, wherein the peptides comprise
the sequence RGD or a scrambled derivative.

The method according to any one of claims 23 to 25, wherein the
peptides comprise the sequence GRGDS (SEQ ID NO: 2) or a
scrambled derivative.

The method according to any one of the preceding claims, wherein the
peptides comprise acrylated peptides.

The method according to any one of claims 2 to 27, wherein attaining the
desired stiffness of the hydrogel comprising conjugated peptide depends
on the concentration of polymer in the hydrogel.

The method according to any one of claims 8 to 13, wherein attaining the
desired stiffness of the hydrogel comprises or further comprises
increasing or decreasing the concentration of crosslinkers in the
hydrogel.

The method according to any one of claims 4 to 29, wherein step (iii)
comprises placing the tissue slice on the hydrogel as crosslinking of the
hydrogel takes place for achieving mechanical fixation of the tissue slice
in the hydrogel.

The method according to any one of the preceding claims, wherein step
(iv) comprises contacting the hydrogel with the culture medium.

The method according to claim 31, wherein contacting the hydrogel with
the culture medium comprises substantially submerging or partially
submerging the hydrogel with the culture medium.

The method according to claim 31, wherein the hydrogel is substantially
submerged with the culture medium and the tissue slice is partially
submerged with the culture medium.

The method according to any one of the preceding claims, wherein the
culture medium comprises at least one ROCK inhibitor.
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35.

36.

37.

38.

39.

40.

41.

42.

43.

36

The method according to any one of the preceding claims, wherein a
plurality of tissue slices may be cultured with each tissue slice on a
portion of the hydrogel or each tissue slice on a separate hydrogel.

The method according to claim 35 wherein each tissue slice is of
substantially uniform thickness.

The method according to any one of the preceding claims, further
comprising direct real-time imaging of the tissue slice.

The method according to any one of claims 1 to 36, further comprising
testing the effect of at least one therapeutic agent or potential therapeutic
agent on the tissue slice.

The method according to claim 38, wherein the method comprises
comparing a tissue slice culture in a culture medium comprising at least
one therapeutic agent or potential therapeutic agent with a tissue slice
culture in a culture medium without the at least one therapeutic agent or
potential therapeutic agent.

The method according to claim 38 or 39, comprising testing the effect of
at least one therapeutic agent or potential therapeutic agent in
combination with one or more other therapeutic agent or potential
therapeutic agent.

The method according to claim 38 or 39, wherein two or more
therapeutic agents or potential therapeutic agents may be tested and
compared.

The method according to any one of claims 38 to 41, wherein the
therapeutic agent(s) or potential therapeutic agent(s) comprise at least
one immune checkpoint inhibitor.

The method according to any of the preceding claims, wherein the at
least one tissue slice comprises a tissue slice from a tumour.



