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Introduction: 
Approximately 50% of patients with discoid lupus erythematosus (DLE) respond to 
antimalarials, the primary first-line therapy for DLE.  Because of a two-month delay in 
onset of action of antimalarials, however, the other half of these patients continue with 
disease activity and progressive scarring, only to find they are not responding.  
Antimalarials treatment includes hydroxychloroquine (HCQ), yet not all patients respond 
to hydroxychloroquine (HCQ), quinacrine (QC), and many are refractory to antimalarials 
(NR). Our group has previously shown that QC responders demonstrate increased 
conventional dendritic cells (cDC) and TNFα relative to HCQ responders. We proposed 
to investigate the differences between these patients using imaging mass cytometry 
(IMC), an unbiased multiplexed technique. The molecular and cellular basis for this 
heterogeneity of responses to treatment remains uncharacterized, leading to treatment 
delays and then the use of toxic therapies and multiple therapeutic regimens.  Our goal 
is to understand the biologic determinants in newly diagnosed DLE patients who then 
do not respond to antimalarials. We hypothesize that, before treatment, antimalarial 
non-responders will have differentially expressed T cell subsets and unique pathway 
markers relative to antimalarial responders.  

Keywords: Discoid lupus erythematosus, immune cells, CyTOF, pathways 

Accomplishments: 

Major goals: In Aim 1, immunologic analyses of the cellular infiltrate in lesional DLE skin 
from well-characterized patients at baseline who subsequently were determined to be 
antimalarial  responders or antimalarial non-responders will be examined using CyTOF.  

In aim 2, analysis of cells and corresponding signaling pathways together in lesional 
DLE skin from well-characterized patients at baseline who subsequently were 
determined to be antimalarial nonresponders or antimalarial responders. In addition, 
lesional skin mRNA expression for key pathways will be examined. 

What was accomplished under these goals? 

Patients were carefully selected and their response to antimalarials characterized. Skin 
punch biopsies (4mm) from lesional DLE skin from 20 patients (11 antimalarial 
responsive and 9 antimalarial refractory) were obtained at baseline prior to treatment 
(Table 1). These biopsies were formalin-fixed and paraffin-imbedded specimens. Many 
had to be requested from outside labs since they were done at the time of diagnosis, 

requiring data transfer 
agreements. Two panels 
of 39 antibodies each 
were designed for the 
study of cells and 
pathways. The antibodies 
were tested for
appropriate 

 
Table 1. Demographics of patients  
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concentrations, labeled with metal halides selected based on staining intensity, and 
then used to stain the lesional DLE tissue sections. Slides were imaged using an Image 
Mass Cytometer (IMC). The final panels that were designed to evaluate pathways within 
specific cell types, as well as the types of cells present are as follows: 

Panel 1: CD45, CD20, STAT3, pSTING, CLEC10A, CD14, IFNκ, CD16, STAT5A, 
CLE9A, CCR4, JAK3, CD31, CD25, IFNb, STAT1, FoxP3, CD4, CCR7, CD68, CD69, 
BDCA2, CD8, IRF3, CD56, TBK1, CD45RA, IFNγ, IL4, IL17, CD3, pERK1/2, IFNα, 
CD11c, HLA-DR, TNFα, and NFκB.   
Panel 2: CD45, CD20, STAT3, STAT2, CCD14, STAT4, CD16, STAT5A, MPO, IRF5, 
JAK3, CD31, STAT6, IFNβ, STAT1, FoxP3, CD4, JAK2, CD68, TYK2, BDCA2, CD8, 
granzyme B, TCRγδ, CCR6, CD45RA, IFNγ, IL4, IL17, CD3, JAK1, IFNα, CD11c, HLA-
DR, MAC387, CXCR3. 

For visualization of cell clusters, dimensional reduction was performed using a t-SNE 
algorithm in histoCAT. The t-SNE plot highlighted cell clusters produced using 
PhenoGraph. Expression heatmap for cell clusters identified were then used to 
demonstrate differential marker expression in histoCAT. Significance was determined 
by the Mann-Whitney test, bivariate correlations were determined by Pearson’s r. 

Preliminary results are as follows:  
We found 9 unique populations consisting of dermal CD4 T, CD8 T, CD14+CD16+ 
macrophages, CD14+CD16- macrophages, CD68+ macrophages, B cells, CD56+ cells, 
Tregs, conventional dendritic cells (cDC), and plasmacytoid dendritic cells (pDC’s), with 
results showing the numbers (Figure 1) and percent of cell types relative. We next split 
the results into the three responder groups (HCQ, HCQ+QC, antimalarial refractory), 
looking at cells and pathways.  

As can be seen 
the cell counts 
varied between 
DLE samples, 
with the biggest 
range in CD4, 
CD8, 
CD14+CD16+ 
macrophages, 
CD68 
macrophages, T 
regs, and cDCs. The nonresponders had a trend 
to more CD8 cells and more CD20 B cells. The 
numbers of T regs were lower in antimalarial-refractory than QC-responsive patients 
(Fig 2). Our results confirmed that cDCs were more prevalent in HCQ+QC responders. 
Phosphorylated STING and NFκB are higher in HCQ+QC-responders, and we have 
performed sub-analyses demonstrating a correlation between pSTING and IFNκ, as 
well as increased cDC-labeled pSTING and IFNκ (Figure 3).  

Fig 1. Cell counts in lesional
DLE skin. Fig 2. DLE cell counts according

to antimalarial response.
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In situ hybridization using RNAscope techniques 
co-localized pSTING and IFNκ to cDCs (Figure 4). 
This is a novel observation that will be pursued 
further. 

How were the results disseminated to 
communities of interest? 

Two abstracts were submitted to the Society of 
Investigative Dermatology and presented as a 
virtual oral poster presentation in 2021 (Vazquez T, 
Patel J, Keyes E, Yan D, Diaz D, Bashir M, Feng R, 
Grinnell M, Werth VP. Multidimensional in situ 
immune profiling of discoid and subacute 
cutaneous lupus erythematosus. Journal of 
Investigative Dermatology (supplement) 141:#021, 
S4, 2021). Additional data in an abstract has been 
submitted to the American College of 
Rheumatology 2021 meetings.  

Patel J, Vazquez T, Yan D, Keyes E, Diaz D, Li Y, Grinnell M, Feng R, Werth V. 
Immune microenvironment deep profiling of cutaneous lupus erythematosus skin 
stratified by patient response to antimalarials. Journal of Investigative Dermatology 
(supplement) 141:#024, S4, 2021.  

What do you plan to do in the next reporting period to accomplish the goals? 

We have also isolated mRNA from the skin samples and will do real time PCR analysis 
to further substantiate and expand our tissue mass cytometry results.  

We are starting to utilize K-means clustering on the mass cytometry data we’ve been 
collecting throughout this past year to divide patients into immunophenotypically-distinct 
subgroups. We then plan on using heatmaps to visualize the differences between these 
subgroups in terms of cell population, pathway, and single cell protein expression 
levels. Special attention will be paid towards differences in treatment response and 
clinical subtype within each subgroup. We are also running machine learning algorithms 
(Random Forest predictive models) on individual subgroups to explore the possibility of 
predicting treatment response using mass cytometry data. Such analysis will help in 
determining the viability of an algorithmic-based immunophenotype approach to 
predicting CLE treatment response. We will also be using the proximity values from the 
Random Forest predictive runs to refine and generate additional subgroups which we 
are hopeful will help reveal immunophenotype distinctions that could potentially explain 
the mechanistic differences driving differing CLE clinical subtypes and treatment 
responses. 

Fig. 4. Co-localization of IFNk 
mRNA to cDCs and not pDCs. 

Fig. 3. Strong correlation between 
pSTNG and IFNκ. 
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4. Impact
What was the impact on the development of the principal discipline of the project.
This work is beginning to define important pathways that predict response to therapy in
cutaneous lupus erythematosus. It opens up understanding of interactions between
cells and pathways.

What was the impact on other disciplines. The results are encouraging interactions 
between rheumatology and dermatology. Based on current results, a grant submission 
has just occurred to link centers together to expand prospective collection of samples 
and utilize evolving technology to address issues related to heterogeneity of response 
to therapy in lupus. The plan is to expand to studying acute cutaneous LE as well. This 
mechanism is the second part of the Accelerating Medicines Partnership (AMP) ,a 
public-private partnership between the National Institutes of Health (NIH), the U.S. Food 
and Drug Administration (FDA), multiple biopharmaceutical and life science companies, 
and non-profit organizations. 

What was the impact on technology transfer> Nothing to report. 

What was the impact on society beyond science and technology?  Nothing to 
report. 

5. Changes/problems.
There have been no changes or problems. As suggested by the reviewers, we have
focused on DLE and have added gene expression studies to our studies that are
ongoing.

6. Products
Publications, conference papers, presentations
Vazquez T, Patel J, Keyes E, Yan D, Diaz D, Bashir M, Feng R, Grinnell M, Werth VP.
Multidimensional in situ immune profiling of discoid and subacute cutaneous lupus
erythematosus. Journal of Investigative Dermatology (supplement) 141:#021, S4, 2021.

Patel J, Vazquez T, Yan D, Keyes E, Diaz D, Li Y, Grinnell M, Feng R, Werth V. 
Immune microenvironment deep profiling of cutaneous lupus erythematosus skin 
stratified by patient response to antimalarials. Journal of Investigative Dermatology 
(supplement) 141:#024, S4, 2021.  
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