Transcriptomic and Systemic Inflammatory Signatures Associated with Granulation
Development in Combat Extremity Wounds

SC21

M Uniformed
Services

Katherine Nagel, BA!; Sreya Mukherjee, PhD'3; Felipe A. Lisboa, MD23; Cameron D. Leonard, BS'; Katherine A. Weathersby, BA!; Mitchell Haddad, BS?;
Moriamo Adedeji, BS!; Daniel Thompson, MBBSY4; Matthew J. Bradley, MD'?; Fausto A. Bustos Carillo, PhD*3;

P

*
* *
?

4
&

Uniformed Services University

*SC2i is a consortium of Uniformed Services University of the Health Sciences,
Walter Reed National Military Medical Center, Duke Health, Emory University
School of Medicine, and Henry M. Jackson Foundation for the Advancement of
Military Medicine, Inc.

University

Christopher J. Dente, MD*>; Allan D. Kirk, MDY®; Eric A. Elster, MD¥%; Seth A. Schobel, PhD!

L Uniformed Services University (USU) Surgical Critical Care Initiative (SC2i), Bethesda, MD; 2 Walter Reed National Military Medical Center, Bethesda, MD;
3The Henry M. Jackson Foundation for the Advancement of Military Medicine, Inc., Bethesda, MD; 4 Royal Centre for Defence Medicine, Birmingham, UK; > Emory University, Atlanta, GA; ® Duke University, Durham, NC

Downregulated genes « — Upregulated genes
INTRODUCTION N g g preg g RESULTS
Granulation tissue formation involves coordinated inflammation, fibroblast o Thirty-two patients (78%) with 46 wounds (72%) developed granulation
proliferation, angiogenesis, and extracellular matrix (ECM) deposition.! 3 prior to closure; 40 of these wounds (87%) achieved successful DWC at 30
o . _ _ _ . S days. Granulating wounds demonstrated upregulation of ECM genes
Transitioning from early inflammation to granulation tissue formatlo.n cL i (COL1A1, COL3A1, MMP2) with relative downregulation of angiogenic
promotgs healing of com.bat-re.late.d extremity woun_ds. Extracellular matrix 5 " FLT1 signaling (FGF2) and angiogenesis-regulating activity (FLT1) (Figure 3).
production and metabolic activation are key to this process, yet wound 7 ./ Pathway analysis showed enrichment of mitochondrial translation, oxidative
healir?g s not. fully under;tooo_l. > We aimed to identify mol_ecular changes % /. ' phosphorylation, and ATP synthesis, suggesting increased energy demand.
associated with granu.latlon tissue development and describe how these < FGF2 % MMPZ*\. Week 2 represented the key divergence point, with increased expression of
patterns relate to healing. 691 2+ | : ) ECM genes relative to non-granulating wounds (Figure 4). ECM genes were
e P | ——— 3 ) % ?9'—3‘_\_1' ¥ *COL 1A1 inversely correlated with pro-inflammatory cytokines (IL-18, TNF-a) and
' t . FGF-basic, while FGF2 gene expression was positively associated with MCP-1
= | : and IL-10, and FLT1 inversely associated with IL-2 (Figure 5), supporting
wian ) " f | coordinated transition from inflammation to tissue repair.
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Figure 3. Expression of angiogenesis, granulation tissue formation, and ECM remodeling genes across all wound types. Analysis displays log,
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Flgure 1. Adapted from Singer A, Clark RA. Cutaneous wound healing. N EnglJ Med. 1999;341(10):738-746. deposition). MMP2=matrix metalloproteinase 2 (ECM remodeling). FLT1=fms-related receptor tyrosine kinase 1 (angiogenesis regulation). T -gf; 3:11 gg TNFs I_0_3
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We analyzed 41 patients with 64 combat-related extremity wounds 0.50 04 005 201 ) 208 sos om |
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sustained during OIF/OEF. Wound images, tissue biopsies, and serum 0.25 2ox 01 09 205 2% e
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samples were collected at each surgical debridement until delayed wound : 3 3 g n 3
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closure (DWC). Trained experts assessed granulation in wound images ©0.00 - - - — 0.00 - - - o ) ) o . . 5 =z o .

. o s === Figure 5. Correlation of granulation-associated genes to systemic signals. Kendall correlations mapped
(Flgure 2). Data were anaIyzed by post-injury week: W1 (0-6 days), W2 (7-13 6 W1 W2 W3 associations between systemic cytokines and signaling molecules (vertical axis) and granulation-associated gene
days), and W3+ (>14 days). Tissue RNA sequencing and serum protein % FGF2 expression (horizontal axis). Significant inverse correlations include COL1A1/COL3A1 with IL-1B, TNF-a, and FGF-

. . . . . e FLT1 basic, and FLT1 with IL-2. Significant positive correlations include FGF2 with MCP-1 and IL-10. Color scale
profiling (Luminex) were performed. Differential gene expression (DESeq2), 05 represents correlation magnitude and direction.
pathway enrichment (GSEA), and tissue-serum relationships (Kendall S 0.2
correlation) were analyzed. o - i i oo i . i CONCLUS|ON
-02 . . . . . . .
05 Granulation tissue formation was associated with coordinated changes in
04 extracellular matrix and metabolic gene expression, notably during week 2
0.6 post-injury. Our findings suggest a time-specific molecular pattern tracks
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Figure 2. Combat extremity wounds demonstrating absent vs. major granulation tissue formation in
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Figure 4. Temporal expression of RNA transcripts of key ECM and angiogenesis-related genes across wound healing weeks (W1-W3). Bar plots
show log, fold change by week (adjusted p < 0.05). Red indicates significant changes in wounds with major granulation; blue indicates
significant changes in wounds without granulation. Week 2 marks the key divergence point, with ECM upregulation (COL1A1, COL3A1, MMP2)
in granulating wounds and downregulation of angiogenesis-related genes (FGF2, FLT1) in non-granulating wounds.

with granulation development. Future studies should determine whether
disrupting this transition impairs healing and whether these molecular
features have therapeutic or prognostic value.

REFERENCES

1. Singer AJ, Clark RAF. Cutaneous wound healing. N Engl J Med. 1999;341(10):738-746.

patients enrolled in Surgical Critical Care Initiative (SC2i) studies. + WalterReed 3 2. Huang J, Heng S, Zhang W, et al. Dermal extracellular matrix molecules in skin development, homeostasis,
& uatépna;chlhttary $ DukeHealth EMORY wound regeneration and diseases. Semin Cell Dev Biol. 2022;128:137-144.
 MECICES SENLEL Uniformed Services University i 3. Manchanda M, Torres M, Inuossa F, et al. Metabolic reprogramming and reliance in human skin wound

HENRY M. JACKSON FOUNDATION
FOR THE ADVANCEMENT OF MILITARY MEDICINE

The contents of this presentation are the sole responsibility of the author(s) and do not necessarily reflect the views, opinions or policies of Uniformed Services University of the Health Sciences (USUHS), Henry M. Jackson Foundation for the
Advancement of Military Medicine, Inc., Department of War (DoW), or Departments of the Army, Navy, or Air Force. Mention of trade names, commercial products, or organizations does not imply endorsement by the U.S. Government.

healing. J Invest Dermatol. 2023;143(10):2039-2051.e10.



