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Abstract 
Lung inflammation, disease and disfunction can have many causes, such as infection with viruses, and bacteria, as well as allergic reactions to
environmental agents. In addition, pharmacological agents such as lipid nanoparticles can change the immunological landscape of the lung.
Because of the clinical significance of the lung as a barrier organ, it is essential to understand the immune composition of pulmonary tissue.
Therefore, it is key to utilize available mouse models of lung pathology. However, previously many immunophenotyping panels focused on
human PBMCs and were not able to identify some of the key players in the immune response to pathogens, allergens and pharmacological
agents that are found in complex tissues such as the lung. Thus, we designed and developed an immunophenotyping panel that can identify a
great variety of different immune cells and other non-immune tissue resident cells subsets using spectral flow cytometry. Using this novel tool,
we were able to distinguish and sort CD4+ and CD8+ T cells subsets, neutrophils, macrophages, dendritic and endothelial cells from healthy
and immunomodulated lungs. While the panel is high parameter, it is still versatile enough to be used on different spectral cytometry platforms
without adjustment. The combination of markers we chose can be used on its own or serve as a backbone and can be combined with other
tertiary antigens to further delineate rare cell subsets or study individual antigens of interest. This novel immunophenotyping panel for murine
pulmonary tissue has great potential to elucidate the details of lung pathology in many different mouse models of pulmonary disfunction.

Introduction 

Results 

Figure 1. Broad mouse lung immunophenotyping panel in a 6-laser Invitrogen Bigfoot Spectral cell sorter panel design grid
Antigen fluorophore combinations were listed in their peak channels. Green fluorescent protein (GFP) is highlighted in green. Two open
spots for additional tertiary antigens of interest are highlighted in yellow

Conclusions  
• 36 subpopulations from both immune and non-immune origin were identified using the 25 parameter immunophenotyping panel
• Immune changes due to immunomodulation could be monitored easily and reproducibly
• The target cells for the LNPs were predominantly lung endothelial cells
• Our data suggest that CD45+ cells were not targeted by the LNP-mRNA treatment, however their frequency and marker expression still

changed to more inflammatory phenotypes
• Inflammatory immune changes were exclusively seen in the Unmod group and not in the Mod group suggesting that the LNP did not

cause immune modulation, but the mRNA did
• Cells could be sorted from the lung with high sorting efficiency regardless of treatment type
• Imagine enhanced flow cytometry and AI based image analysis were used to confirm the identity of sorted cells. Image analysis

confirmed that the Tc rsm subset was composed entirely of small lymphocytes before and after immune modulation and was not
contaminated by a Sca-1 expressing tissue derived larger cell subset
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Figure 6. Consistently high sorting efficiency across different mouse treatment types and experiments
Over two experiments 9 populations from the 12 different mice were sorted using the Bigfoot Spectral Cell Sorter. The sorts were performed using
a 100uM nozzle in purity mode. Some cell types were chosen because they changed drastically with immune modulation. Shown is the average
sorting efficiency for each subpopulations across all sorts for (1) Tc scm (2) pDC, (3) AM, (4) PMN, (5) conventional type 1 dendritic cells (cDC1),
(6) conventional type 2 dendritic cells (cDC2), (6) CD103+ dendritic cells (DC), (8) Epithelial cells (Epi) and (9) GFP+ cells

Figure 7. Confirming sort results using Image Enhanced Flow Cytometry (IEFC) on the Invitrogen Attune Cytpix
To verify the identity and confirm the morphology of the sorted cells, they were acquired and imaged using the Cytpix camera on the Attune
cytometer. (A) Sample images of (1) AM, (2) Epi, (3) pDCs and (4) Tc scm cell subsets show that macrophages and Epithelial cells appear
larger while pDCs and Tc scm appear smaller. High parameter imaging data analysis was performed. The resulting gating strategy (B) identifies
processed, singlet events that could be divided into larger and smaller cells based on perimeter and major diameter and then further subsetted
into round and eccentric cells. (C) Images and size analysis of Tc scm cells after sorting from (1) saline, (2) Unmod, or (3) mod mouse groups.
Morphological features do not change significantly in any treatment group.
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Figure 2. Experimental model used to test the immuno-monitoring capacity of the mouse lung panel
Group 1-Control mice were saline treated to simulate handling stress (Saline). Group 2- Mice were treated with unmodified mRNA
containing lipid nanoparticles (LNPs) that were predicted to cause immune changes in the mouse lung (Unmod). Group 3 – Mice were
treated with the same LNP composition, but a 5’-modified mRNA was used to test whether immune changes were derived from the RNA or
the LNP (Mod).

Results cont.
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Figure 3. Gating strategy overview
Flow plots of the saline treated mouse lung identify a number of non-immune lungs cells such as epithelial cells and subtypes of endothelial
cells. B cells, plasmacytoid dendritic cells (pDCs) s and a large number of myeloid cell subtypes could be delineated within the CD3-
immune cell sub compartment. Additionally, the antibody panel was able to differentiate several subtypes of tissue resident macrophages
and assess their expression of activation markers. Finally, the activation and memory status of CD4 and CD8 positive T cells was
investigated using key marker such as CD62L, CD44, Sca1 and Ly6C

Figure 4. Tracking GFP+ lipid nanoparticles using the broad immunophenotyping panel
The LNPs could be tracked using a the immunophenotyping panel described in Figure 3. Most of the LNPs in both the Unmod and Mod
mice could be tracked to the CD45- CD31+ Sca-1+ endothelial cell subtype. A high percentage of the LNP target cells expressed VE-
cadherin. 1) Unmod. 2) Mod.
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Figure 5. Tracking large scale immune changes
Shown are the frequency graphs (A) and flow plots (B) of the subsets most significantly affected by immunomodulation using unmodified mRNA
LNP as compared to saline and Mod mice. Cell types significantly affected by immune-modulation included (1) Sca-1+, CD4+ Tcells (Th scm), (2)
Sca-1+, CD8+ Tcells (Tc scm), (3) Ly6C+ CD4+ Tcells, (4) CD40+ Bcells, (5) Ly6C+ F4/80- cells (monos), (6) B220+ pDCA+ dendritic cells (pDCs),
(7) CD103+ alveolar macrophages (AMs), (8) CD103+ interstitial macrophages (IMs) and (9) Polymorphonuclear leukocytes (PMNs). Finally,
profiles for endothelial cells (10) are included to illustrate that this cell subset did not change in frequency or CD144 expression
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