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Abstract

Prolonged and elevated transforming growth factor-p1 (TGF-B1) signaling can lead to undesired
scar formation during tissue repair and fibrosis that is often a result of chronic inflammation in
lung, kidney, liver, heart, skin and joints. We report new TGF-B1 binding peptides that interfere
with TGF-B1 binding to the cognate receptors and thus attenuate its biological activity. We
identified TGF-B1 binding peptides from the TGF-B1 binding domains of TGF- receptors and
engineered their sequences to facilitate chemical conjugation to biomaterials using molecular
docking simulations. The in vitro binding studies and cell-based assays showed that RIPA, which
was derived from TGF-B type I receptor, bound TGF-B1 in a sequence-specific manner and
reduced the biological activity of TGF-1 when the peptide was presented either in a soluble form
or conjugated to a commonly used synthetic biomaterial. This approach may have implications for
clinical applications such as treatment of various fibrotic diseases and soft tissue repair and offer

a design strategy for peptide antibodies based on the biomimicry of ligand-receptor interactions.

Page 2 of 23



Page 3 of 23

Biomaterials Science

Transforming growth factor-B1 (TGF-B1) is the most abundant TGF-f isoform in adult tissues and
platelets,!? and regulates a multitude of cellular processes including proliferation, differentiation,
migration, apoptosis and extracellular matrix (ECM) production and remodeling.> This
multifunctional growth factor is secreted mostly as an inactive latent complex and deposited in
ECM.* Once released from ECM and activated, TGF-B1 exerts various biological functions in a
spatiotemporally controlled manner. TGF-f1 mediates angiogenesis and vasculogenesis by
modulating endothelial cell behavior in a context- and cell type-dependent fashion.>¢ In addition,
it promotes fibroblast proliferation,” maintains tissue homeostasis by controlling cellular behavior
and immune response,® influences self-renewal and differentiation of stem cells,® and participates
in the development and maintenance of articular cartilage.'® However, aberrant TGF-B1 activity
contributes to pathological conditions, such as autoimmune disorders,'!!? cancer metastasis,!3
vascular disorders!# and cartilage diseases.!>!'® In particular, prolonged and elevated TGF-B1
signaling can lead to undesired scar formation during tissue repair!” and fibrotic diseases including
pulmonary fibrosis, diabetic kidney disease, congestive heart failure, liver cirrhosis, systemic
sclerosis, and skeletal muscle fibrosis.!® Therefore, selective inhibition of TGF-B1 signaling has
been a subject of interest for therapeutic use in clinical applications.

Therapeutic inhibition of TGF- signaling has spanned numerous modalities including
small molecular kinase inhibitors, neutralizing antibodies, and oligonucleotides. Small molecule
inhibitors of TGF-B1 signaling pathway have been developed and explored clinically, but small
molecule inhibitors of receptor kinases such as TGF-f type I (TBRI) and type II (TBRII) receptors
are difficult to develop with high specificity owing to structural similarity between ATP-binding
domains of kinases from the same family. For example, SB-431542 is a small molecule inhibitor

of ALKS5 (TBRI) with activity against activin receptors ALK4 and ALK7,!° CK13, RIPK2, and
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p38MAPK?? and it was ultimately not explored clinically. Galunisertib, a small molecule inhibitor
of TPRI currently being investigated in clinical trials for cancer, has strong activity against oft-
target kinases, representing plausible toxicity liabilities.?! In addition, several molecules with
activity against TGF-B1 have been explored preclinically as anti-fibrotic therapeutics including
suramin,?? decorin,?? losartan,?* relaxin,? and y-interferon.?® These molecules do not directly bind
TGF-B1 or its receptors, and therefore unintended consequences due to off-target effects are
unavoidable. On the other hand, neutralizing antibodies aiming to suppress pro-fibrotic TGF-1
activity have been used to bind soluble TGF-B1 ligand and thus interfere ligand-receptor
interaction and downstream signaling cascades. Humanized monoclonal TGF-B1 neutralizing
antibodies have reduced scar formation during cutaneous wound healing?’ and skeletal muscle
repair,”® and have been tested in clinical trials for the treatment of sclerosis,? fibrosis®® and
metastatic cancer.3! However, neutralizing antibodies have several limitations, including high cost
and potential immunogenicity.3? As an alternative, synthetic peptides having high affinity for TGF-
B1 have emerged,3** as they can be reproducibly produced at relatively low cost and chemically
modified on demand. Initial approaches to design TGF-B1 inhibiting peptides have relied on phage
display technology. Although phage display enables rapid screening of large peptide libraries for
the ability to bind a target molecule, it can identify false positives and is not appropriate to identify
peptides that bind a target molecule exclusively via a sequence-specific interaction.>> Another
strategy to design high affinity peptides is to mimic the way in which TGF-B1 binds to other
biomolecules in nature. For example, peptides derived from the TGF-B1 binding domain of a2-
macroglobulin (a2-M)3¢ and TGF-B type III receptor (TBRIII)*” have been shown to bind TGF-B1
with high affinity. However, since a2-M is a carrier protein that non-specifically binds numerous

growth factors via solvent-exclusion interactions,?®4 an a2-M-mimicking peptide may present
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poor binding specificity to TGF-B1. Furthermore, a TBRIII-derived peptide contains nearly 60%
hydrophobic amino acid residues and only one charged residue,?” and therefore it is conceivable
that its binding to TGF-B1 may occur via non-specific solvent-exclusion interactions.

We herein developed new TGF-B1 binding peptides via biomimicry of the TGF-B1-
receptor complex, and assessed their ability to bind TGF-f1 and inhibit associated TGF-1
biological activity when the peptides were either presented in a soluble form or conjugated to a
commonly used synthetic biomaterial. We hypothesized that a peptide derived from the TGF-B1-
binding domains of TBRI and TPRII would bind to TGF-1 via molecular recognition. From the
crystal structure of the complex of TGF-f1/TBRI/TPRII (PDB ID 3KFD),*! we identified regions
of TPRI and TPRII whose side chains appeared to localize near TGF-B1 as putative TGF-B1
binding peptides (Fig. 1a, Table 1). A previous mutagenesis study confirmed that the regions that
we identified from the crystal structure of TBRII were strongly implicated in TGF-B1 binding.*?

TGF-B1 binding peptides may be an attractive new therapeutic modality by themselves but
also present several opportunities for the design of biomaterials capable of locally regulating TGF-
B1 activity. Toward this goal, TGF-B1 binding peptides derived from TGF-B receptors were
engineered to enable facile immobilization to the biomaterials and further optimized by molecular
docking simulations. The peptides tested in this study were designed to have a cysteine residue at
the N-terminus in order to enable covalent conjugation of the peptides to poly(ethylene glycol)
(PEG) biomaterials via a thiol-ene reaction. For this reason, a cysteine residue was added to the
N-terminus of TPRII-derived peptide-1 (RIIP-1). The sequences chosen for the other peptides,
TPRI-derived peptide (RIP) and RIIP-2, each have an N-terminal cysteine in their native receptor
sequence. Since the thiol group of cysteine can form intermolecular disulfide bonds and thereby

complicate the thiol-ene reaction, cysteine residues other than the N-terminal cysteine (i.e.,
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positions 5 and 8 in RIIP-1 and position 7 in RIIP-2) were substituted. Molecular docking
simulations showed the highest predicted binding affinity between RIIP-1 and TGF-B1 when RIIP-
I’s cysteine residues at positions 5 and 8 were substituted with glycine, alanine, leucine, or serine.
Glycine substitution was predicted to promote the highest TGF-B1 binding affinity (Fig. 1b), so
we substituted cysteine residues at positions 5 and 8 of RIIP-1 with glycine, and we followed the
same approach to substitute glycine for cysteine at position 7 of RIIP-2. We also designed
corresponding negative control peptides, each containing the same amino acids as the parent
peptide, with scrambled sequences to control for the effects of peptide hydropathy profile** on
TGF-B1 sequestering (Fig. S1).

Molecular docking simulations were performed on folded peptide structures** of RIP,
RIIP-1, and RIIP-2 and the crystal structure of TGF-B1 (PDB ID 3KFD)*! to determine relative
binding affinity.*> The result showed that RIP exhibited the highest predicted TGF-B1 binding
affinity to TGF-B1 (most negative value in kcal/mole) relative to RIIP-1 and RIIP-2 (Fig. 1¢). We
further interrogated the binding of RIP to TGF-B1 by iteratively truncating amino acids from the
N- and C-termini of RIP and assessing binding via molecular docking simulations. Both RIP and
its variant with the C-terminal valine truncated (RIPA) bound to TGF-B1 with high affinity.
However, neither a variant of RIP with two C-terminal amino acids truncated nor variants of RIP
with one or two truncated amino acids from the N-terminus bound TGF-B1 with appreciable
affinity when compared with the scrambled RIP control (Fig. 1d). The native crystal structure of
TGF-B1/TPRI shows that the side chain of the C-terminal valine of RIP, in the context of the full-
length receptor, is orientated away from the TGF-B1 binding pocket (Fig. S2), providing a
plausible explanation for the similar predicted binding affinity of RIP and RIPA. These data

indicate that the terminal valine on RIP provides no enhancement of binding affinity to TGF-B1
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and motivates the further characterization of RIP and RIPA for binding and inhibition of TGF-$1
activity.

Soluble peptides were examined for their influence on TGF-B1 activity using a T-
lymphocyte proliferation assay.*® We hypothesized that soluble TBR-derived peptides would bind
TGF-B1 and attenuate inhibitory effect of TGF-B1 on interleukin 4 (IL-4) dependent proliferation
of mouse T-lymphocyte HT-2 cells. As expected, soluble TGF-B1 inhibited IL-4 dependent
proliferation in a dose dependent manner in a fluorescence-based cell viability assay (Fig. 2a). The
ICso of TGF-B1 in the HT-2 proliferation assay was 0.05 ng/mL (3.9 pM) is in good accordance
with the published ICs, value of 0.04 to 0.2 ng/mL.*¢ Initial screening of peptides was performed
at a single concentration of peptides (10 uM) and TGF-B1 (0.1 ng/mL, 7.8 pM), with which the
assay was anticipated to retain sensitivity to disrupted TGF-f1 signaling. RIP elicited significantly
higher fluorescence intensity relative to the no peptide control and showed indistinguishable
fluorescence compared with the no TGF-B1 control. This result suggests that RIP bound to TGF-
B1 and effectively attenuated its biological activity (Fig. 2b). In the same assay, a scrambled
version of RIP exhibited no difference in fluorescence compared with the no peptide control,
reflecting no effect on TGF-B1 biological activity. While RIIP-1 significantly increased
fluorescence relative to the no peptide control, the fluorescence intensity was not statistically
different between RIIP-1 and its scrambled control. Neither RIIP-2 nor its scrambled control
elicited any change in fluorescence compared to no peptide control. These results suggest that
RIIP-1 and RIIP-2 did not affect TGF-B1 activity in a sequence-dependent fashion.

We further assessed the sequence specificity of RIP binding to TGF-f1 by employing: 1)
D-amino acid substituted RIP (D-RIP), consisting of all D-amino acids with reverse side chain

orientations of RIP; ii) and retro-inverso RIP (RI-RIP), a peptide with the reversed sequence of D-
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RIP and similar side chain orientation to RIP in its extended conformation. Due to the similar side
chain topology, biological activity of RI-RIP was expected to emulate that of its parent peptide,
RIP, whereas D-RIP having reverse side chain orientation was expected to have reduced biological
activity. Soluble RI-RIP significantly suppressed TGF-B1 activity of inhibiting HT-2 cell
proliferation, while the D-RIP peptide did not (Fig. 2c), suggesting that RIP attenuates TGF-1
activity through sequence-specific binding. Taken together, these results provide a clearer
demonstration of sequence-specific TGF-f1 binding and inhibition, relative to prior studies of
TGF-B1 binding peptides.33343747 Both molecular docking simulations and biological activity
assays show that RIP outperformed the RIIP-1 and RIIP-2 peptides and together constitute a proof-
of-concept that structural biochemistry together with computational modeling can aid in the initial
identification and engineering of peptides that bind a specific macromolecule.

We next quantitatively examined the affinity of RIP and its derivatives to TGF-B1 via
surface plasmon resonance spectroscopy (SPR), where the peptide affinity to TGF-f1 was
determined by monitoring SPR signal change upon TGF-B1 binding to a peptide-immobilized
substrate. Since molecular docking simulation predicted that RIPA with a truncated C-terminal
valine binds TGF-B1 with similar affinity as full-length RIP, we measured association rate
constants (k,), dissociation rate constants (k) and equilibrium dissociation constants (Kp; ky/k,)
of RIP, RIPA, and scrambled RIP from SPR sensorgrams. RIP, RIPA, and scrambled RIP exhibited
equilibrium Kp values of 98.3, 183, and 745 nM, respectively, suggesting that both RIP and RIPA
bound TGF-B1 with higher affinity than scrambled RIP by at least four-fold (Table 2). Given that
RIPA presents a shorter, less hydrophobic sequence than RIP with predicted or experimental
equilibrium binding affinity comparable to RIP, we further explored the ability of RIPA to bind

and inhibit TGF-B1 activity in soluble form and as a component of PEG-based biomaterials.
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We next quantified TGF-B1 binding to RIPA by immobilizing a BSA-RIPA conjugate onto
a 96-well microplate for use as a “capture antibody” in a TGF-B1 ELISA. An assay titrating the
concentration of BSA-conjugated RIPA and scrambled RIP at a fixed concentration of TGF-B1
revealed greater magnitude of binding of TGF-f1 to BSA-RIPA relative to BSA-scrambled RIP
(Fig. S3). Further, the immobilized BSA-RIPA conjugate bound a significantly larger amount of
TGF-B1 at equilibrium when compared with a BSA-scrambled RIP conjugate at a fixed
concentration of immobilized BSA conjugates and TGF-B1 concentrations at or above 5 ng/mL
(Fig. 3a). BSA-RIPA binding to TGF-1 was significantly higher than that of a BSA-only control
at TGF-B1 concentrations over 2.5 ng/mL, suggesting that binding of TGF-f1 to RIPA was
sequence-specific. Although BSA-RIIP-1 and BSA-RIIP-2 bound significantly more TGF-B1 than
the BSA only control at 40 ng/mL TGF-B1, neither of them showed superior TGF-B1 binding when
compared to each respective scrambled control peptide at any concentration of TGF-B1 (Fig. S4).

Next, the inhibitory effect of RIPA on TGF-B1 signaling was evaluated in multiple cell-
based biological activity assays, using both human umbilical vein endothelial cells (HUVECs) and
HT-2 cells. HUVEC proliferation was suppressed by TGF-B1 at concentration range of 10 to 1000
ng/mL with the highest level of inhibition at 41 pg/mL (3.2 pM) (Fig. S5).4%4° Using this model,
we hypothesized that soluble RIPA would increase HUVEC proliferation by binding and blocking
the TPRI-binding domain on TGF-B1. Addition of 10 uM RIPA increased HUVEC proliferation
in the presence of 41 pg/mL TGF-B1, relative to the scrambled RIP control and the no peptide
control (Fig. 3b). These data indicate that RIPA bound TGF-B1 and thereby blocked downstream
signaling of TGF-B1. In contrast, no statistical differences were observed between TBRII-derived
peptides (i.e., RIIP-1 and RIIP-2) and their controls in the HUVEC-based assay. We performed an

HT-2 proliferation assay described above with 1 ng/mL TGF-B1 (78 pM), which is ten-fold higher
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than the 1Csy (0.1 ng/mL, 7.8 pM), to rigorously assess activity of engineered peptides. Similar
results were obtained in an HT-2 proliferation assay, where only RIPA reduced the inhibitory effect
of TGF-B1 on HT-2 proliferation, whereas RIIP-1 and RIIP-2 and their scrambled controls failed
to increase fluorescence intensity suggesting no measurable activity in the more rigorous assay
format (Fig. 3c). Taken together, these data demonstrate that RIPA successfully bound TGF-1 in
a sequence-specific manner and inhibited its biological activity in general agreement with
molecular docking simulations. RIIP-1 significantly increased the fluorescence intensity in the
more sensitive HT-2 assay with 0.1 ng/mL TGF-B1 (Fig. 2b) but failed to show any effect in the
more rigorous assay with 1 ng/mL TGF-B1 (Fig. 3c), suggesting RIIP-1 has limited activity as an
inhibitor of TGF-B1. The failure of RIIP-1 and RIIP-2 to bind and inhibit TGF-B1 remains an open
research question. One possibility is that the glycine substitutions abrogated interaction at the
binding interface with the cysteine in the native receptor sequence. Another possibility is that
essential amino acids mediating TBRII binding to TGF-B1 lie outside of the sequences employed
here. Preliminary molecular docking simulations with a peptide extending the sequence of RIIP-1
by 10 additional N-terminal residues and 3 additional C-terminal residues relative to the TBRII
sequence showed enhanced TGF-B1 binding to nearly the level predicted of RIP (data not shown).
Further exploration and optimization of RIIP-1 and RIIP-2 binding to TGF-B1 remains as future
work.

Local regulation of TGF-B1 activity via biomaterials was motivated by the incidence of
off-target toxicities of systemically administered TBRI inhibitors. For example, galunisertib, an
orally bioavailable TPRI inhibitor currently being evaluated in clinical trials for the treatment of
solid tumors, required a cautious clinical approach to avoid cardiac toxicities identified during

preclinical development and deemed to be target-related owing partly to incidence of similar

- 10 -
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cardiac toxicities with other TBRI inhibitors in the clinic.?!° Hydrogel microspheres are an
injectable biomaterial amenable to local regulation of target activity via sequestering as previously
demonstrated using PEG microspheres containing VEGFR2-derived peptides.’!’> Here we
hypothesized that RIPA-conjugated PEG microspheres could specifically sequester TGF-1 from
biological solution. RIPA was covalently conjugated to PEG microspheres via a UV-initiated thiol-
ene reaction between thiol groups of the N-terminal cysteine residue of peptides and the
norbornene groups of the PEG chains (Fig. 4a).>! The density of peptide incorporated was
systematically changed by varying the ratio of peptide to norbornene functional groups. The
peptide-conjugated PEG microspheres were then incubated in 10% fetal bovine serum (FBS)
medium containing '>I-radiolabeled TGF-B1. RIPA-conjugated microspheres having higher
peptide density (4.2% and 12.5%) bound significantly more TGF-f1 compared to blank
microspheres with no peptide, while RIPA-conjugated microspheres bound more TGF-1 than
scrambled RIP-conjugated microspheres at the peptide density of 12.5% (Fig. 4b). An effective
equilibrium dissociation constant (Kp .¢r) was calculated to compare the relative binding affinity
of peptide-conjugated microspheres to TGF-B1 in 10% serum, revealing that RIPA bound with 2-
2.5 fold higher binding affinity than scrambled RIP (Fig. S6). When microspheres presenting
12.5% peptide were included in the HT-2 cell proliferation assay, RIPA-conjugated microspheres
attenuated the inhibitory effects of 1 ng/mL TGF-B1 (78 pM) on HT-2 cell proliferation in culture
when compared to both blank microspheres and microspheres with scrambled RIP (Fig. 4c). These
data suggest that RIPA-conjugated microspheres sequestered and thereby reduced the biological
activity of soluble TGF-B1 activity.

Finally, we measured TGF-B1 binding by peptide-conjugated microspheres incubated in

platelet-rich plasma (PRP), which has been clinically used to treat various musculoskeletal soft

-11 -
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tissue injuries. Reduction of TGF-B1 activity in PRP could ultimately reduce fibrosis in
applications where PRP is applied to repair skeletal muscle, tendon and ligament tissues. Local
regulation of TGF-B1 activity via sequestering to RIPA-conjugated microspheres can address the
clinical need for localized musculoskeletal wound healing. RIPA-conjugated microspheres
captured TGF-B1 from PRP, as they reduced TGF-B1 concentration by up to 26% (Fig. 4d). Each
of the microsphere concentrations tested in PRP (2-32 mg/mL) achieved over 15% TGF-B1
reduction. The Kpfreetive Was calculated for each microsphere concentration, revealing that 2
mg/mL RIPA microspheres sequestered endogenous TGF-B1 from PRP (Kp effective ~ 215 nM) with
comparable binding affinity compared to sequestering of supplemented TGF-B1 in 10% serum
(Kp effective ~ 211 nM) and compared to SPR (equilibrium Kp ~183 nM). These results demonstrate
RIPA microspheres sequester TGF-1 with high affinity and specificity and suggest a potential
therapeutic application of RIPA-containing microspheres to locally reduce TGF-B1 activity during
soft tissue healing. Sequestering and modulation of TGF-B1 activity in serum-containing solutions
and PRP highlights the specificity of sequestering to RIPA-conjugated microspheres, as serum and
PRP contain hundreds of unique proteins at high abundance.

In summary, we demonstrated the feasibility of using existing structural data to design
growth factor-binding peptides based on biomimicry of the growth factor-receptor interaction. We
designed TGF-B1 binding peptides from the TGF-B1 binding domains of TPRs identified by
published crystallographic data. In agreement with molecular docking simulations, experimental
data revealed that RIP and RIPA, whose sequences were derived from TPRI, bound to TGF-f1 in
a sequence-specific manner and inhibited its biological activity. RIPA, a truncated variant of RIP,

was shown theoretically and experimentally to retain its ability to bind TGF-f1, but with reduced

hydrophobicity relative to the parent peptide. Future embodiments of this TGF-B1 sequestering

-12 -
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approach may benefit from further optimization of RIP and RIPA by introducing non-canonical
amino acids, which can enhance the affinity of a particular peptide-growth factor interaction and
enhance peptide serum stability.3* This approach may have implications for clinical applications
such as treatment of various fibrotic diseases and soft tissue repair. It is noteworthy that a similar,
previous approach has been used to identify VEGF-binding peptides, and to fabricate biomaterials
that reduce VEGF-dependent angiogenesis.>* Therefore, biomimetic design of growth factor
receptor-mimicking biomaterials could potentially become a broader approach for local

modulation of growth factor activity on demand.
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Table 1. TGF-B1 binding peptides derived from TGF-f receptors.

Peptide ID Origin Amino acid sequence ? Scrambled sequence
RIP TGF-p type I receptor CIAEIDLIPRDRPFV CLIDFRIPADREVPI
RIPA TGF-B type I receptor CIAEIDLIPRDRPF -

RIIP-1 TGF-B type II receptor CPQLGKFGDVRF CQGFPDVGRFKL
RIIP-2 TGF-B type II receptor CSITSIGEKP CGTIPISKES

2 The substituted glycine residues are shown with underbars.
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Table 2. Average association and dissociation rate constants (k, and ky), dissociation constants
(Kp), and equilibrium Kp determined by surface plasmon resonance (SPR).

Peptide Conc. (uM)  k (M-'s1) k,(s) Kp (M) Equilibrium Ky, (M)
RIP 10-20 1.40 x 10° 8.36 x 1073 6.00 x 108 9.83 x 108
RIPA 5-20 1.92 x 10° 1.99 x 102 1.06 x 107 1.83 x 107
Scrambled RIP 10-20 6.85 x 10* 3.52 x 102 7.65 x 107 7.45 x 107
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Figure 1. Design of putative TGF-B1 binding peptides. (a) Interface of TGF-3 receptors and TGF-
B1 in complex of TGF-B1/TPRI/TPRIL. TGF-B1 and the TGF-p receptor domains from which RIP,
RIIP-1 and RIIP-2 were derived are shown in gray, red, blue and cyan, respectively. Note that only
receptor residues that TGF-B1 binding peptides were derived from are displayed. (b) Partial blind
docking analysis of TGF-B1 to RIIP-1 variants where cysteine residues were substituted with
glycine (C=>G), alanine (C>A), leucine (C=>L) or serine (C—>S). (¢) Fully blind docking analysis
of TGF-B1 with RIP, RIIP-1, and RIIP-2. (d) Fully blind docking analysis of TGF-B1 with
truncated RIP variants.
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Figure 2. Influence of soluble TGF-B1 binding peptides on TGF-f1-mediated cell function. (a)
Inhibitory effect of TGF-B1 on HT-2 cell proliferation in culture. (b) Effect of soluble TGF-B1
binding peptides (10 uM) on HT-2 proliferation in presence of 0.1 ng/mL TGF-B1. Fluorescence
intensity of each condition was normalized to the no peptide + TGF-f1 condition. * p<0.05
compared to no peptide + TGF-B1 control by two-way ANOVA and Bonferroni post-hoc test, and
** p<0.05 compared to RIP scramble control by two-way ANOVA and Bonferroni post-hoc test.
Data were aggregated from two independent experiments. (¢) Effect of soluble RIP isomers, D-
substituted version of RIP (D-RIP) and retro-inverso RIP (RI-RIP) (100 uM) on HT-2 proliferation
in presence of 1 ng/mL TGF-B1. * p<0.05 compared to D-RIP, and ** p<0.05 compared to RI-RIP

by Student’s t-test.
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Figure 3. (a) TGF-B1 binding to immobilized BSA-conjugated TPRI-derived peptides.
Absorbance was measured by modified ELISA, where BSA-conjugated peptides were used as a
capture antibody. * p<0.05 compared to BSA-scrambled RIP conjugate for a given concentration
by two-way ANOV A with Bonferroni post-hoc test. (b) Effect of soluble TGF-B1 binding peptides
(10 uM) on HUVEC proliferation in presence of 41 pg/mL TGF-B1. Data is presented by
normalizing HUVEC number after 48 hours in culture to that of no peptide condition. * p<0.05
compared to no peptide control, and ** p<0.05 compared to respective scrambled peptide by two-
way ANOVA with Bonferroni post-hoc test. (¢) Effect of soluble TGF-B1 binding peptides (10
uM) on HT-2 proliferation in presence of 1 ng/mL TGF-B1. Data is presented as normalized
fluorescence intensity of each condition relative to that of no peptide condition. * p<0.05 compared
to no peptide control, and ** p<0.05 compared to respective scrambled peptide by two-way
ANOVA with Bonferroni post-hoc test.
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Figure 4. RIPA-conjugated microspheres for TGF-B1 sequestering. (a) Schematic illustration of
RIPA-conjugated PEG microsphere and its action upon exposure to TGF-B1. (b) TGF-B1 binding
to RIPA-conjugated microspheres having different peptide densities when microspheres were
incubated in the medium supplemented with 10% FBS and 1 ng/mL TGF-B1. * p<0.05 compared
to blank microsphere, and ** p<0.05 compared to scrambled RIP-conjugated microsphere by two-
way ANOVA with Bonferroni post-hoc test. (¢) Influence of TGF-f1 sequestering of RIPA-
conjugated microspheres on HT-2 proliferation in the presence of 1 ng/mL TGF-1. * p<0.05
compared to blank microsphere and ** p<0.05 compared to scrambled RIP-conjugated
microsphere by Student’s t-test. (d) TGF-B1 binding to RIPA-conjugated microspheres in the PRP.
* p<0.05 compared to blank microsphere by Student’s t-test.
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either in a soluble form or conjugated to synthetic biomaterials.



