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■ RESULTS AND DISCUSSION
Peptide Design. As an effector to sensitize cell−surface

receptors to TGF-β signaling, we used the LTGKNFPMFHRN
peptide.21 As a CMP, we chose (PPG)7 because of its
simplicity and demonstrated efficacy in relevant contexts in
vitro, ex vivo, and in vivo.26,28,30,33,34 (We note that the use of a
CMP containing 4-fluoroproline residues could be advanta-
geous in future studies.29,31,36) In its initial discovery,
LTGKNFPMFHRN (Tβrl) was displayed as a fusion to the

N-terminus of the PIII coat protein of the phage.21 We
mimicked this display by conjugating Tβrl to the N-terminus
of CMP. Accordingly, we synthesized the 33-mer peptide
Tβrl−CMP and its Tβrl and CMP components by solid-phase
peptide synthesis (SPPS).

Mouse Model. Wound healing is a complex process.
Mouse models have illuminated the mechanisms that underlie
wound healing and established translatable therapeutic
strategies.37−40 We chose to use diabetic (db/db) mice as
our model. These mice exhibit characteristics similar to those
of adult human onset type II diabetes mellitus,41,42 including
impaired wound healing.43 Excisional wounds in db/db mice
show a delay in wound closure, decreased granulation tissue
formation, decreased vascularization in the wound bed, and
diminished cell proliferation.44 The course of wound healing in
these mice follows closely the clinical observations of human
diabetic patients.45 For example, these mice show delayed and
reduced expression of keratinocyte growth factor and
peripheral neuropathy,46 as do diabetic humans.47

We employed an excisional wound model, which heals from
the wound margins and provides the broadest assessment of
the various parameters for wound healing, such as re-
epithelialization, fibrovascular proliferation, contracture, and
angiogenesis.38 This wound model also offers large dorsal
surfaces that simplify the application of topical agents directly
into the wound bed and provides two wounds side-by-side on
the same mouse.

Unsplinted Wounds. Wounds were created in the
craniodorsal region of db/db mice under anesthesia and
treated topically with Tβrl−CMP (25 μL of a 20 mM solution
in 5% PEG/saline solution).48,49 CMP and Tβrl (25 μL of 20
mM solutions in 5% PEG/saline) were also tested individually.
The delivery vehicle itself was tested as a control.

The fibrovascular influx and the deposition of new collagen
in wounds were measured by examining the picrosirius red-
stained histologic sections under polarized light50 and
expressed as a percentage of the total wound area. The
picrosirius red stain highlights the areas of new collagen
deposition, as well as extant dermal collagen. Due to more
extensive cross-linking and maturation, older collagen is
stained more brightly and densely in comparison to newly
formed collagen. Upon its release from degranulating platelets,
TGF-β1 can attract fibroblasts chemotactically to a wound
site51−53 and stimulate their proliferation.54 As part of a

Figure 1. Representation of TGF-β receptor−ligand complex
formation and its activation of the Smad2/3 proteins by their
cytosolic kinase domains. (A) TGF-β induces the heterotetrameriza-
tion of type-I and type-II receptors (TβRI and TβRII). (B) Clustering
of TβRI and TβRII by binding to a ligand (Tβrl) that is immobilized
in a wound bed upon the annealing of a pendant CMP.

Figure 2. Effect of Tβrl−CMP (0.5 μmol) and controls on the healing of unsplinted cutaneous wounds in mice. Values are the mean ± SE (n = 10
wounds in 5 mice) with *p < 0.05. (A) Fibrovascular influx in wounds on a scale of 0−4 on day 12 post-surgery. (B) Inflammation in wounds on a
scale of 0−4 on day 12 post-surgery. (C) Re-epithelialization of wounds on day 16 post-surgery. (D) Wound closure on day 12 post-surgery,
calculated as the wound size as a percentage of the original wound size on day 0.
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