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Methods

Results suggests:

o If the above trends hold true, it is possible CGRP is increasing Col1a1 

expression in Acomys cells which would suggest potential fibrotic activity.

Further Research tactics:

o Investigate profibrotic potential further  replicating cAMP assay 

procedure to determine if cells are responsive to CGRP.

o Working with more cells (BCA assay recommends 1000 ug/mL of protein 

to get consistent cAMP results, more cells = more protein)

o Treat cells with CGRP for longer than 10 minutes

o Cleaning protein protocol to prevent interfering substances

o Performing Western blot for different CGRP downstream mediators (ex. 

pCREB)
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4mm biopsy punches were taken 
from Mus ear pinna. This tissue was 
then digested to isolate the Mus cells 

for cell culture.

Mus and Acomys cells were 
separately contained in T75 flasks 

within media. The Cell Culture Media 
was comprised of 500 mL Dulbecco's 
Modified Eagle Medium, 10% Fetal 

Bovine Serum, 1% Penicillin-
Streptomycin, and 0.1% Gentamycin. 

These cells were cultured using 
standard cell culture techniques

To determine CGRP fibrotic 
potential, harvested cells are split 
into 24-well plates. Each plate is 

treated with graded concentrations of 
CGRP for a 24-hour period. Using 
qPCR, the expression of Collagen 
(Col1a1) and metalloproteinase 9 

(Mmp9) is measured.

Harvested cells are tested to 
determine its reaction to CGRP 

potential. After being split into 6-well 
plates, cells are exposed to graded 

concentrations of CGRP for ten 
minutes. cAMP levels are then 
measured through the ELISA 

protocol.

Figure 2: Depicts an 85-day progression of 

regeneration and scar formation in 

the Acomys cahirinus and Mus musculus 

following a 4mm biopsy ear punch.

Figure 1: This model shows 

what occurs to a human leg 

when impacted by an 

explosion injury. Multiple 

tissues are injured including 

bone, muscle, skin, and 

nerves

Previous RNA sequencing reveals 

that several neurotrophic factors 

are upregulated during scar 

formation in Mus and 

downregulated or unchanged 

during regeneration in Acomys

(Figure 3). One notable 

neuropeptide, the Calcitonin 

Gene Related Peptide (CGRP), is 

not expressed in regeneration in 

Acomys but expressed in scar 

formation in Mus. CGRP is a 

known component of pain 

transduction and migraine onset, 

but there is still uncertainty 

around its role in wound healing 

and scar formation. This study 

evaluates the direct role CGRP 

plays in scar formation.

Figure 3: This RNAseq

comparison shows certain pro-

fibrotic and pro-regenerative 

neurotransmitters are 

expressed following injury. 

CGRP is clearly shown as a 

neuropeptide that is barely, if at 

all, upregulated in regeneration 

in Acomys, but highly 

expressed in scar formation in 

Mus.

Based on previous research, it can be hypothesized that CGRP can promote 

tissue fibrosis following injury. To test this, we can expose Acomys cells to CGRP 

and measure its scar-forming potential. One indicator of scar-formation is an 

increase in collagen production. Therefore, to measure fibrotic potential of CGRP 

we expose Acomys and Mus cells to exogenous CGRP, collect the RNA after 24 

hours of exposure and measure changes in collagen expression using qPCR.
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The African Spiny Mouse (Acomys cahirinus) is an example of a mammal 

that has excellent regeneration properties like lizards and starfish. Often, 

these rodents along with the common lab mouse (Mus musculus), are used as

a comparative mammalian model to study the mechanisms of regeneration 

by comparing their regeneration and scar-forming abilities, respectively 

(Figure 2).

Optimal healing for a traumatic wound or injury is described 

as completely regenerating the damaged tissue. This study focuses on replacing 

what the nerve secretes that promotes nerve and tissue regeneration, more 

specifically in the military population. A study with a sample size of 4,563 soldiers 

deployed in Iraq and Afghanistan found that 82% of these soldiers suffered 

musculoskeletal injuries due to explosions or blasts. Out of these injuries, 94% of 

them resulted in amputations. However, amputations are not the desired outcome 

of these injuries, and the question becomes: is there a specific protocol that the 

body should undergo to promote tissue repair? Amputations occur when there is

severe and excessive tissue damage and dysfunction, therefore, if more tissue 

was salvageable, there would be better surgery outcomes. The goal of this study 

is to develop treatment that promotes regeneration rather than scar tissue 

formation.

Figure 4: Acomys and Mus

cells were treated with 

different concentrations of 

CGRP (0.1 ug/mL, 1 ug/mL, 5 

ug/mL, and No Treatment) for 

a 24-hour period. After the 

incubation period, the cells are 

prepared for qPCR following 

the SYBR Green qPCR 

Protocol. The primers used in 

the first qPCR run was Col1a1

and B2m (housekeeping 

gene). The second qPCR run 

used the Mmp9 primers and 

B2m. The plate was run for 40 

cycles.

Reaction to CGRP:

o Acomys cells exposed to 1 ug/mL showed the highest expression increase in 

Col1a1 compared to untreated controls.

o Mus cells showed no change in Col1a1 expression, no matter the concentration of 

CGRP. 

o Acomys cells exposed to 0.1 ug/mL and 5 ug/mL of CGRP show a potential 

increase in Mmp9 expression.

o Mus cells show a decrease in Mmp9 expression with all concentrations of CGRP.

o More replicates need to be run to determine if these trends are accurate.

Determining profibrotic potential:

o Because the cAMP assay was inaccurate, we cannot fully determine if the cells 

were responding directly to CGRP.  Therefore our conclusions on the qPCR

results are still preliminary.

Figure 5: To determine if cells were responding directly to 

CGRP, we measured levels of downstream mediators. This 

pathway demonstrates the intracellular signaling pathways of 

CGRP receptor activation. When CGRP binds to CGRP 

receptors, one effect of the activation is cAMP level elevation 

from Adenylate Cyclase. Therefore, if cells are responsive to 

CGRP we should observe a rise in cAMP levels.

Figure 6: To measure cAMP levels we use an ELISA. 

cAMP levels were measured for each concentration of 

10 minutes of CGRP treatment (0.1 ug/mL, 1 ug/mL, and 

5 ug/mL), no CGRP treatment, and Forskolin treatment 

(positive control). We observed higher cAMP levels in 

the no treated cells compared to our positive control. To 

better understand our assay results, we diluted protein 

levels 1:1 concentration, 1:10 concentration, and 1:100 

concentration.  cAMP measurements increased with 

increasing concentrations suggesting there was 

something in the sample that interfered with the assay’s 

ability to accurately measure cAMP.
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