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INTRODUCTION, BACKGROUND, AND RATIONALE
The overall interest of this study was to investigate the biodistribution and bioactivity of cell-free amniotic 
fluid (cfAF) using an ex vivo human viable skin model of wound healing.  Biodistribution studies targeted 
the protease inhibitor, alpha-1-antitrypsin (A1AT), which is one of the most prevalant proteins in cfAF.  
Wound healing was assessed in viable human explants containing a 2 mm defect that was monitored for 
wound closure over 7 days.

Wound closure in ex vivo human viable skin treated with cfAF.  Representative images of wounded human skin explants 
(2 mm) across experimental groups and time points. Images were normalized to an equal frame size. The figure demonstrates 
qualitatively the progressive reduction in wound size under treatment with cfAF, which is presented graphically on the right.  
Wound area over time for each treatment group was calculated relative to the initial wound area (2 mm). These data illustrate 
a decrease in wound area and highlight differences in closure dynamics among conditions using the ex vivo skin model.  
cfAF accellerates wound healing relative to controls.

Ex vivo skin sampling for endpoint analysis.  
Post-treatment, skin explants were cut in half 
for IHC and H&E processing, and other half 
further was processed for LC-MS/MS analysis 
and future cytokine (ELISA) and qPCR analysis 
for protein expression. 

Biodistribution of A1AT in ex vivo skin: Localization via immunohistochemistry.  Representative IHC images of human skin 
explants treated with A1AT (0-250 mg/ml  in PBS).  PBS control samples exhibit faint brown staining for A1AT with minimal A1AT 
in basal keratinocytes.  Samples treated with 100 mg/ml A1AT exhibited staining in basal and suprabasal layers. Light brown 
diffuse signal indicates partial A1AT diffusion and retention with a slight increase in dermal signal relative to controls.  These 
samples also exhibited strong, uniform brown staining across epidermis, especially suprabasal and spinous layers. These results 
indicate high A1AT accumulation; mild dermal staining near junction. A1AT localizes in the epidermis and accumulates in a 
dose-dependent manner.
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LC-MS/MS equipment.
Vanquish Neo UHPLC, with the orbi-
trap Excedion Pro hybrid quadrupole-
Orbitrap mass spectrometer.
•	Biopharma
•	Structural Biology
•	Proteomics

LC-MS/MS chromatogram of tissue lysate.   Representative 
sample analysis for diagnostic A1AT peptide (arrow) after 
tissue lysis, followed by reduction, alkylation, and digestion. 

The ex vivo human viable skin model is a physiologically 
relevant system for studying wound healing with many important cell 
types of human tissue that display native cellular interactions with  relevant 

extracellular matrix constituents in a full thickness architecture.
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Cell-Free Amniotic Fluid is a 
powerful stimulant of healing and 
repair with immunomodulatory, 
anti-inflammatory and pro-growth 
characteristics.  Merakris Therapeutics 
is developing MTX-00, a first-in-
class, cell-free amniotic fluid (cfAF) 
investigational biologic intended 
for chronic wound care.  This fluid is 
rich in secreted exosomes, a complex 
mixture of polysaccharides, proteins 
and signaling molecules originating 
from amniotic fluid cells.

Biodistribution refers to the process by which 
a substance (such as a drug, nanoparticle, or 
biomolecule) spreads and localizes within the body 
after administration. It describes where and how 
much of the substance reaches different tissues or 

organs over time.  Despite promising 
evidence, mechanistic understanding 
and biodistribution data for cfAF 
components remain limited. 

Feasibility: initial study to establish 
biodistribution and quantification of purified 
A1AT in human viable skin explants.
Biodistribution of A1AT from  cfAF: 
a  follow-on  study using the pipeline 
methods established in the feasibility study.

Study Goals 

Correlation: a study to evaluate wound closure 
and re-epithelialization as a function of A1AT 
biodistribution

STUDY DESIGN AND METHODS
An ex vivo human viable skin model of wound healing was used as a relevant platform to study biodistribution of cell-free amniotic fluid (cfAF) by immunohistochemisty (IHC) for A1AT localization and 
LC-MS/MS for A1AT quantitation  in the tissue over a 7 day period. A feasibility study using purified A1AT treatments was conducted to optimize methods, followed by a wound closure study focused 
on cfAF biodistribution and wound healing, comparing treatments of one-time injection of cfAF and injection plus topical treatments every 48 h.

Ex vivo Skin

Biodistribution Feasibility
•	 	 Purified A1AT at 4 defined      					   

	 concentrations:  0 - 0.25 mg/ml
•		 Timepoints: 6, 24, and 72 h

A1AT

Wound Closure Study
•	 	 cfAF treatments:  1) single injection treatment (‘I’) vs. 	2) injection 	plus topical treatments every 48 h (‘I&T’)

Goals: determine biodistribution of A1AT as a 
function of concentration and time.	
•	 Localization via IHC
•	 Quantification of A1AT via LC/MS

Goals: determine if cfAF modulates wound closure 
and re-epithelialization over time.
•	 	Morphometric Analysis and histology (H&E)
•	 	Biodistrubution of A1AT using established meth-

ods
•		 Preserve tissue and supernatant for follow on 

qPCR and ELISA analysis

A1AT 0 ug/ml - 72 h A1AT 100 ug/ml - 72 h A1AT 250 ug/ml - 72 h

RESULTS

Biodistribution of A1AT in ex vivo skin: Quanti-
tation via LC-MS/MS. A1AT levels were quantified 
in skin lysates by LC-MS/MS through detection of a 
proteotypic peptide, enabling quantitative compar-
ison across treatments and time points. A1AT abun-
dance was normalized to tissue weight (mg).

•	Metabolomics
•	Lipidomics

Biodistribution of A1AT in ex vivo skin: Quantitation via LC-MS/MS. 
A1AT levels in skin lysates were quantified by LC-MS/MS following cfAF 
treatments. Detection of a proteotypic peptide enabled quantita-
tive comparison at days 3&7 and confirmed A1AT delivery from cfAF 
and accumulation in tissue. Values were normalized to tissue weight 
(mg). EGF served as a positive control, and PBS as the negative control.

KEY TAKEAWAYS
cfAF treatments reduced wound area over time 
indicating enhanced wound healing in ex vivo skin

This study demonstrated that biodistribution of 
cfAF can be directly correlated with wound healing

cfAF MTX-00 is a promising biologic under 
development for wound care.

LC-MS/MS is a valuable tool in the detection of low 
abundance protein in complex sample matrices with 
high sensitivity (pg of total protein), specificity, and 
resolution.
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A predictive tool for insights into 
wound repair processes in a translational plat-
form for evaluating therapeutics and wound 

care devices with high throughput.


