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Psoriasis is a chronic inflammatory disease resulting in 
increased epidermal cell production (Fig. 1) and painful 
plaque patches over the body. Although a variety of treatments 
exist, the exact cause of psoriasis is unknown.

The hypodermis, dermis, and epidermis skin layers across each 
section were defined, and the layer volume (millimeter�N) was 
computed, through a combination of manual and 
semiautomated segmentation (Fig. 5). 

For each sample, the middle 25 sections were selected, and a 
central region with dimensions 2500 microns (medial to lateral) 
and the full thickness of the skin was extracted to avoid 
potential edge effects from tissue harvesting. This provides a 
2.5 mm x 2.5 mm region for volumetric analysis.

The hypodermis annotation was bounded by the panniculus 
muscle and dermal SHG collagen signatures. The dermis was 
identified by the SHG collagen signatures. 

The epidermis was defined by the tissue above the dermis, with 
a higher intensity autofluorescence signature likely 
corresponding to the stratum spinosum and basal layer, 
followed by the autofluorescence signatures likely 
corresponding to the upper stratum corneum. 

Figure 2. H&E staining of mouse skin treated with vehicle cream (left) and 
imiquimod cream, a TLR7/8 agonist, (right) to model psoriasis. Adapted 
from van der Fitz et al. (2009)�M.

Tissue Preparation

Wild-type (WT) mouse skin was treated with a depilatory 
cream to remove hair. Skin was then treated for four days 
with either TLR7/8 agonist imiquimod (IMQ) cream, a 
commonly used method for modeling psoriasis in mice, or 
vehicle (Fig. 3).

Mice were euthanized and approximately 1 cm�M skin samples 
were explanted. Samples were fixed via immersion fixation 
in 4% PFA for 6 hours at 4°C on a shaker and transferred to 
a 1X PBS and 0.1% sodium azide solution.

STP�M Imaging

Explanted samples were sectioned serially with 100 um thickness and imaged with a TissueCyte Serial 
Two-Photon (Fig. 4) system to visualize tissue autofluorescence and collagen fibril signatures using 
second harmonic generation (SHG) imaging as described in Ragan et al. (2012)�N.

A 16X Nikon water immersion objective was utilized to produce 0.6 micron per pixel resolution data. 
An excitation wavelength of 920 nm provided an emission spectrum of  > 560 nm (channel 1), 500-550 
nm (channel 2), and 442-478 nm (SHG, channel 3). 

Gross tissue anatomical features could be readily visualized from the autofluorescence (channel 1, 
channel 2). The collagen within the dermal and connective tissue layers could be readily distinguished 
with SHG signatures (channel 3).
 

Layer Analysis

Thus, effective pre-clinical animal models are crucial for 
investigating disease mechanisms and producing translatable 
clinical treatment data. Here we report a novel 
three-dimensional (3D) assessment technique for TLR7/8 
agonist-induced mouse skin (Fig. 2), a common model for 
psoriasis in mice, using the TissueCyte Serial Two-Photon 
Plus (STP�M) imaging platform.  

Introduction Methods

Results

Results indicate an increase in the volume of all assessed tissue layers for the IMQ-treated versus vehicle-treated skin, by 
1.6-fold in the hypodermis, 1.4-fold in the dermis, and 3.0-fold in the epidermis (Fig. 6). 

The ability to process TLR7/8 agonized mouse skin samples using the STP�M 
imaging platform demonstrates a new method to produce a 3D model and analyze 
total gross morphology with collagen fibril signatures. The techniques developed 
in this study hold promise for  assessing inflammation type and disease severity 
of psoriasis, with future application to thoroughly evaluate pharmacodynamics 
and pharmacokinetics of drug treatment. 

Conclusion

This study demonstrates that IMQ cream produces inflammation throughout the 
hypodermis, dermis, and epidermis of mouse skin. 
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Secondary 
 Analysis
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The assumption of homogeneity of 
variances was first tested using 
Levene’s unequal variance test 
(epidermis p= 0.705, dermis p= 0.446, 
hypodermis p= 0.510). The null 
hypothesis of equal variances could 
not be rejected, allowing further tests 
to proceed.

The Student’s T-test demonstrated a 
statistically significant effect between 
untreated and treated groups 
(epidermis p= 0.032*, dermis 
p= 0.049*, hypodermis p= 0.002**) 
(Fig. 7). 

Additionally, effect size (Cohen’s d) 
revealed a very large statistical 
difference between untreated and 
treated group means (epidermis 
d= 1.702, dermis d= 1.625, 
hypodermis d= 1.929). 
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Figure 6. 2D two photon images of untreated mouse skin (left) and IMQ treated mouse skin (right) with labeled epidermis, dermis, and hypodermis. 
Autofluorescence (channel 1; red, channel 2; green) and SHG collagen (channel 3; blue) signals are shown.

Figure 7. Box plot depicting the volumetric output of hypodermis, dermis, and epidermis layers across 
untreated and IMQ treated samples in millimeters�N.
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Figure 4. TissueCyte processing pipeline.
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Figure 1. Structure and layers of the skin. Adapted from Gonzales and Fuchs 
(2017)�L.
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Figure 3. Sample treatment timeline.
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Figure 5. Two photon image of  IMQ treated mouse skin with overlay of analysis masks of epidermis (green), 
dermis (blue), and hypodermis (white). 
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