EVENT
Lattice Biologics attends WBC2016,
the 10th World Biomaterial Congress
Montréal, Canada

Our intrepid research team,
Dr. Christopher Bradley and Dr.
Milla Zakharova, were among
the 4,000+ attendees who
descended upon the most
populous city in Quebec during
May to partake in the scientific
program, exhibits, and many
special events at WBC2016.
Christopher A. Bradley, Ph.D,
Product Development Director

BACKGROUND
Although most of the talks
offered at 10th Annual World
Biomaterials Congress were
about nitty-gritty synthetic
biomaterials details, enough
folks also discussed the use
of natural biomaterials to
warrant our interest. Amid
repeated encouragements
to “try the poutine” and “try
the smoked meat,” we got
our fill of biomaterials of all
kinds… ingested, transplanted,
electrospun and otherwise.
The conference, itself, was
absolutely massive, with
attendance in excess of
4,000 attendees. Canada’s
biomaterials engineering
students were overrepresented
in the group and their imposing
presence illustrated how fast
this field has been growing,
especially with an eye towards

regenerative medicine--a field
in which Canada is clearly at
the forefront.
The opening ceremonies
were not to be missed. They
began with two performances
celebrating the indigenous
peoples of Quebec and
included a high-tech rhythm
and dance number, replete
with amazing graphics, furious
drums, and fierce dance moves
by a troupe dressed in tribal
costumes. They also included a
traditional throat-singing duet
between two young native girls.
Interspersed with introductions
by local luminaries such as
the mayor of Montréal, the
opening ceremonies offered
an astounding pageantry
to accompany the amazing
science congress-goers would
soak up in the coming days.

Dr.s Zakhrova and Bradley refuel at the
Element Oxygen Bars station in the exhibit
hall.

SCIENTIFIC TOPICS
The science presented at
the various talks during the
conference was impressive.
One particular emphasis was
the need for release of ions
from biomaterials in order for
them to exert their bioinstructive
potential to the body for tissue
regeneration. I found this to
be a less than obvious driving
principle for making implants or
grafts.
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Opening Ceremony performance “Montreal style entertainment”

In contrast, a more obvious
priority when designing
biomaterials is achievement of
the specific desired physical
properties. This could be the
stiffness and durability required
to replace bone or the flexibility
and porosity of a graft used for
soft tissue repair, for example.

However, when you think
of an implant as a mineral
or growth-factor delivery
device, it changes how you
think about formulating its
composition. Unlike cadaveric
tissue allografts, which
tend to contain a slew of
naturally-occurring bioactive
components, synthetic
biomaterials (the emphasis of
this meeting) require that all
components be purposefully
integrated or engineered into
the graft.
Significant progress is being
made in understanding the
mechanisms of how these
synthetic products enable tissue
regeneration. These types of
issues were spotlighted in a
plenary lecture titled “Tissue
regeneration: the effect of
biomaterials chemistry and
microstructure” given by Jiang
Chiang from the Shanghai
Institute of Ceramics in China.
Ceramic implants have long
been available as an alternative
to metal prostheses (such as
titanium hip implants) and are
renowned for their inertness and
structural strength. However, the
field of bioceramics also includes
biomaterials engineered to
be resorbable and to deliver
mineral ions required for some
types of tissue repair, even soft
tissue.
It is well established that certain
ions (such as calcium, or Ca2+)
are important in specifying the

differentiation of certain tissues
(such as bone), but the role it
and other charged chemical
species that participate in
overall tissue healing play
are probably less familiar.
For instance, several studies
have demonstrated that the
calcium ion is an important
factor in the process of skin
re-epithelialization and the
migration of epidermal cells.
Even more surprising is the role
of silicate ions (Si4+). Silicates,
present in bioceramics,
can induce macrophage
polarization, encouraging M2
macrophage activation which
provides a more tissue repairfriendly immune environment.
Furthermore, the silicon ion,
can stimulate the angiogenesis
of endothelial cells and shows
a positive effect on Collagen
Type I synthesis in skin fibroblasts.
It is worth paying attention to
nuances such as beneficial
inorganic ion involvement, in
certain microenvironments,
which can contribute to
previously unappreciated
phenomena in wound-healing.

ALL ABOUT HYDROGELS
Aside from bioceramics, this
Biomaterials Convention was
rife with other types of tissue
engineering, notably hydrogels.
Hydrogels are defined as
polymers or materials that
are capable of holding large
amounts of water in their threedimensional networks.
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The term hydrogel encompasses
familiar compounds that occur
naturally, including collagen,
gelatin, and hyaluronic
acid (all components of the
extracellular matrix (ECM)) or
more exotic materials more akin
to the engineering of plastics.
The multidisciplinary field of
hydrogels has a long history,
some of which is captured in
this interview conducted by the
WBC2016 video geeks with the
granddaddy of the field, Buddy
Ratner, who coined the term
“hydrogel.”
So much of the technology
used in regenerative medicine
and cell biology now relies on
hydrogels. This technology was
well represented in the talks
and the posters on display.
Synthetic hydrogels were likely
more popular at this meeting
due to the current interest in
controlling and engineering
each individual hydrogel for
highly specific applications,
such as wound dressings,
tissue scaffolds, cell culture
microenvironments, and drug
delivery.
Take for instance, the
development of nanoparticles
that contain a DNA payload,
but are coated with a hydrogel
polymer doped with an enzyme
to breakdown mucus.
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This was the topic of a
poster presented by Sejin Oh
from Barcelona’s Materials
Engineering Group from
Universitat Ramon Llull. It is
recombinant DNA technology
that goes up your nose!

Poster session in the conference hall

Enjoying lunch and networking:
Lattice Biologics’ Dr. Milla Zakharova
with Chris Bashur and Kenyatta
Washington from the Florida Institute
of Technology

INNOVATIONS IN TISSUE
ENGINEERING
I was especially inspired by
a session I attended entitled
“Open-source and lowcost tools and technologies
for advanced biomaterials
fabrication.” It appears the
DIY biology spirit is alive and
well among biomaterials
engineers who are cutting their
entrepreneurial teeth using 3D
printing to build the next great
tissue engineering technology.
I was happy to learn about
all of the tools available for
free online to support the
application of 3D printing in
the biosciences, such as the
National Institute of Health’s 3D
Print Exchange and RepRap, a
3D printer that prints itself - one
of the few examples ever of a
self-replicating manufacturing
machine.
One notable example of
innovation in bioprinting
was extruded by Adam W.
Feinberg from Carnegie
Mellon University in Pittsburgh,
who presented “3D printing
complex scaffolds using
Freeform Reversible Embedding
of Suspended Hydrogels
(FRESH).” Aside from a clever
reference to the embarrassing
80’s sitcom (“FRESH prints”),
the presentation clearly
demonstrates the creativity
evident in new techniques for
printing complex organs such as
the heart. You can get the full
scope of the work here.
Most impressive was the use
of gelatin as a “support bath”
for printing of soft tissues or
scaffolds using “ink” derived
from extracellular matrix tissues.

3D printed soft tissue
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Milla Zakharova, Ph.D,
Senior Research Scientist

ABOUT THE CONFERENCE
WBC2016, the 10th World
Biomaterial Congress, was the
largest WBC to date and is on
track to become the largest
ever scientific gathering of
biomaterial scientists. Over
3,500 abstracts representing 60
counties were submitted and
over 4,000 scientists attended.
Areas of interests varied from
characterization of polymers,
ceramics and nanomaterials
to translational sciences, tissue
engineering, and therapeutics.
Given that Lattice Biologics
recently announced its
entrance in the field of cancer
diagnostics, I was naturally
interested in topics related to
the role of biomaterials in the
fight against cancer.
Currently, biomaterials
approaches are applied to
improve methods of studying
cancer in vitro, to facilitate
cancer detection and
diagnosis (the development
of biomaterials-based
immunoassays), and other
useful areas. Furthermore,
biomaterials also play
an integral role in the
advancement of cancer
therapies.

PLENARY SESSION:

Therapeutic cancer vaccines
from biomaterials
Prof. David Mooney from
Harvard University and the Wyss
Institute presented at the WBC
Plenary Session, “Therapeutic
cancer vaccines from
biomaterials.” In this innovation,
the Mooney Laboratory for
Cell and Tissue Engineering has
constructed porous deposits that
form a chemical gradient to
attract young dendritic cells for
subsequent programming and
activation to attach tumor cells.

Professor David Mooney presenting “Therapeutic cancer vaccines from
biomaterials” at one of the plenary sessions.

Therapeutic cancer vaccines
are rapidly emerging as a
promising new approach to treat
cancer. Cancer vaccines are
designed to invoke strong antitumor immune activity via the
induction of antigen-specific
cytotoxic T cells (CTLs). CTLs
can kill tumor cells, but first they
need to recognize specific labels
(antigens) present on tumor cells.
To do so, CTLs bind dendritic
cells (DCs). The first DC-based
therapeutic cancer vaccine,
known as Provenge, was
approved by the U.S. Food and
Drug Administration in 2010.
This was a breakthrough in
cancer therapy; however, the
therapy is based on ex vivo
manipulation of DCs in order to
generate large numbers of these
cells, and thus suffers from a high
cost and significant regulatory
burden. Additionally, tumors
were not eradicated and the
increase in patient survival time
was limited to 4 months. While
this breakthrough undoubtedly
has a major impact on cancer
treatment, it also highlights
the need to further develop
DC-based cancer vaccine
strategies in order to bypass
its dependency on ex vivo
manipulation.
Recent progress in material
science has led to the new
idea of using biomaterials
to create an implantable

device that would simulate
the cell microenvironment.
Through control over the
physical properties and
presentation of cell signaling
molecules, biomaterials create
microenvironments that allow
the fate of resident cells to be
modulated.
The Mooney Lab tested
whether biomaterials can
be used to attract DCs and
programmed them to stimulate
an anti-cancer immune
response (Figure 1). Diverse
materials platforms have been
designed including hydrogels,
vinyl acetate polymer rods,
NiPAAm, nanoparticles and
more. The Mooney Lab has
also developed an injectable
shape-memory scaffold to
minimize the invasiveness of
vaccine implementation.

These material systems were
shown to deliver combinations
of inflammatory chemokines,
tumor antigens, and danger
signals that enable the
recruitment of DCs. Such
material systems are also
capable of excluding host
cues, thus promoting tumor
tolerance.
Although significant advances
have been made in our
understanding of the molecular
and cellular mechanisms
underlying the ability of
materials to modulate specific
immune responses, more
studies are required to develop
future generations of materialbased anti-cancer vaccines.
We look forward to seeing more
from the Mooney Lab in the
future!

Figure 1. 3D porous polymer scaffold can be loaded with various signals, including
chemokines, antigens, and danger signals to manipulate dendritic cells in the body.
Immature DCs migrate to 3D polymer scaffold in response to the gradient of chemokine
where they mature and proliferate in the 3D microenvironment. The mature DCs then
leave the scaffolds and migrate to the lymph nodes for activation of naïve T cell.
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Figure 2. Modulation of the in vitro microenvironment using MMC to imitate
the in vivo dense extracellular space. (A) The deposition of ECM in standard
culturing systems is very slow. (B) The addition of inert polydispersed
macromolecules (spheres) in the culture media creates the most effective
volume occupancy and increases the relative density of procollagen and
proteinases in the culture media, ultimately facilitating ECM deposition.

3 APPROACHES TO
BIOMATERIALS IN
CANCER THERAPY
In addition to the Plenary
Session, there were over 100
posters and talks focused on
biomaterials for cancer therapy
presented, demonstrating
the enormous interest within
the scientific community and
industry.
The wide range of subjects
covered included several key
concepts:
1. the use of biomaterials
as an anti-cancer drug
delivery vehicle
2. the use of biomaterials
in modeling the cancer
microenvironment
3. studying the effect of
biomaterials on cell
behavior
1. Anti-cancer drug delivery
vehicle:
Many researchers, including
Karin Wang (Harvard University),
Ali Shokoohmand (Queensland
University of Technology,
Australia), Gowri Balachander
(Indian Institute of Science),
and others highlighted the key
role of extracellular matrix in
cancer progression.

It is widely accepted that the
tumor-associated stroma can
promote cancer progression,
yet the precise interactions
between cancer cells and
their stromal compartments
are poorly understood. To
recapitulate the different
stages of cancer progression
and to generate a heterotypic
condition comprising more than
one cell type requires more
complex three-dimensional
(3D) cultures to more
closely resemble the in vivo
microenvironment.
Using a variety of biomaterials,
researchers were able
successfully recreate
microenvironment for breast
cancer, ovarian tumor, lung
cancer and glioblastoma.
Biomaterial properties, such as
size, shape, charge, surface
chemistry, morphology, and
physiochemical properties,
can be easily tailored to tackle
specific challenges in cancer.
2. Modeling the cancer
microenvironment:
Kyriakos Spanoudes from
Regenerative, Modular &
Developmental Engineering
Laboratory in Galway, Ireland
presented the study entitled
“Decellularised Extracellular

Matrix as a Platform for Cancer
Modelling.” His group applied
a novel biophysical approach,
termed macromolecular
crowding (MMC) to accelerate
extracellular matrix (ECM)
generation in vitro. The principle
of MMC is derived from the
notion that in vivo cells reside
in a highly crowded/dense
extracellular space yet they
are cultured under very dilute
conditions in vitro that prohibit
normal cell function. The
addition of inert polydispersed
macromolecules (Figure 2) to
the culture media facilitates
amplified production of ECMrich living substitutes. Recent
work1 demonstrates that under
MMC conditions, scaffold-free
equivalents can be produced
within 2-6 days in culture, while
in the absence of MMC, tissue
constructs of similar thickness
require several months to
culture.
3. Studying the effect of
biomaterials on cell behavior:
At Lattice Biologics, we are
currently generating ECM from
adipose-derived stem cells in
our R&D lab and I look forward
to applying this new technique
to ramp up stem cell ECM
production here!

Satyam A, et al. (2014) Macromolecular crowding meets tissue engineering by self-assembly: a paradigm shift
in regenerative medicine. Advanced Materials 26 (19): 3024-3034. For abstract link -http://www.ncbi.nlm.nih.
gov/pubmed/24505025
1
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