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Supplementary Figure 1. Flow cytometry gating strategies. A Gating strategy and cell purity 
after CD4+ T-cell isolation. Visualization of a representative flow cytometry gating consisting of 
exclusion of debris, dead cells and doublets and verification of CD3+ CD4+ T-cell purity after 
CD4+ T-cell isolation from PBMCs of healthy donors. B Gating strategy to characterize T-cell 
subpopulations from COVID-19 patients after CD3+ T-cell isolation. Visualization of a 
representative flow cytometry gating consisting of exclusion of debris, dead cells and doublets 
and validation of CXCR4 and CD74 receptor expression after CD3+ T-cell isolation from PBMCs. 
C Gating strategy to characterize monocyte subpopulations from COVID-19 patients. 
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Visualization of a representative flow cytometry gating of monocyte subpopulations according 
to Marimuthu et al with determination of CD74 and CXCR4 expression on classical and non-
classical monocytes in PBMC fraction of CD3+-negative cells after CD3+-positive selection. 
Steps include exclusion of debris, dead cells and doublets, and selecting monocyte subsets by 
CD16 vs. CD14 plot after exclusion of HLA-DR- natural killer (NK) cells and HLA-DRhighCD14low 

B cells [1]. 
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Supplementary Figure 2. Characterization of CD4+ T cells. A-C Validation of in vitro T-cell 
activation. Surface expression of the naive cell marker CD45RA and CD45RO, as a marker of 
activated or effector/memory T cells, was measured A directly after isolation or B after 72 h of 
in vitro activation using anti-CD3+/anti-CD28+ coated beads. C Quantification of RA+RO- (light 
gray), RA+RO+ (dark gray) and RA-RO+ (black) CD4+ T cells of nine independent experiments 
(n = 9) is provided as fraction of a whole in the bottom row. D-G Alternative quantification of 
MIF receptor profiling on primary human CD4+ T cells upon activation as shown in Fig. 2. Flow 
cytometry-based cell surface receptor profiling of the four MIF receptors CD74, CXCR4, 
CXCR2, and ACKR3, as indicated, on purified human CD4+ T cells before (0 h) and after 72 h 
of in vitro T-cell activation. Comparison and quantification of the cell surface median 
fluorescence intensity (MFI) for each of the four receptors (E, n=22; F, n=11; G, n=9; H, n=6). 
Statistical differences were analyzed by Wilcoxon matched-pairs signed-rank test and indicated 
by actual P values.  
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Supplementary Figure 3. Renewal rates and protein dynamics of selected proteins. A-B Re-
analysis of publicly available proteomic data of memory CD4+ T cells after 5 d of different 
activation and cytokine polarization conditions (resting: no activation, no added cytokines; Th0: 
control with no added cytokines; Th1: IL-12, anti-human IL-4 antibody; TH2: IL-4, anti-human 
IFN-γ antibody, Th17: IL-6, IL-23, IL-1β, TGF-β1, anti-human IL-4 antibody, anti-human IFN-γ 
antibody; iTreg: TGF-β1, IL-2; IFN-β-stimulated group) according to Cano-Gamez et al. 
regarding protein abundance of A CD74 and B CXCR4 [2]. Statistical differences were analyzed 
by one-way ANOVA with post-hoc multiple comparisons test. C-D Comparison of protein 
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renewal rates in resting naive (blue) vs. resting memory (orange) CD4+ T cells. Fraction of 
newly synthesized protein calculated from LC-MS/MS analysis of pulsed SILAC of CD4+ T cells. 
Cells were analyzed after 0 h, 6 h, 12 h, 24 h and 48 h in culture. C Exemplary representation 
of fast (ETS1), intermediate (CD3E) and slow (GAPDH) renewal rate. D Renewal rates of 
CXCR4 (left), CD44 (middle) and MIF (right). E-G Time course of protein expression per cell 
upon activation of naive CD4+ T cells. Label-free quantification of proteins via the MaxQuant 
algorithm without and after 6 h, 12 h, 24 h, 48 h, 72 h, 96 h, 120 h and 144 h of in vitro activation. 
Proteins identified by MS/MS (black) or matching (orange). Estimation of copy number per cell 
based on protein mass of cell. E-G Comparative presentation of established E fast (CD69), F 
intermediate (IL2Rα/CD25) and G late (HLA-DRA) T-cell activation markers. Data in C-G 
retrieved and re-analyzed from Wolf et al [3]. 
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Supplementary Figure 4. CIITA interaction network. Visualization of the ten proteins most 
strongly associated with functional CIITA interaction as predicted by the STRING database [4].  
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Supplementary Figure 5. Dose curves and controls of the 3D chemotaxis experiments. A-B 
MIF dose-dependently induces chemotaxis of activated CD4+ T cells. Trajectory plots (x, y = 0 
at time 0 h) and corresponding quantification of migrated activated CD4+ T cells in a three-
dimensional (3D) aqueous collagen-gel matrix towards MIF chemoattractant gradients (MIF 
concentrations: 100 ng/ml – 800 ng/ml as indicated, -: control medium). Plotted is the calculated 
forward migration index (FMI, mean ± SD) based on manual tracking of at least 30 individual 
cells per treatment (n=1). Statistical differences were analyzed by Kruskal-Wallis test with Dunn 
post-hoc test. C-D Inhibitor-only controls of the presented chemotaxis experiment in Fig. 5. 
Representative trajectory plots and quantification of migrated activated CD4+ T cells in the 
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presence of a CD74 neutralizing antibody, a corresponding isotype control (IgG) or the CXCR4 
receptor inhibitor AMD3100. Cell motility in A-D was monitored by time-lapse microscopy for 2 
h at 37°C, images were obtained every minute using the Leica DMi8 microscope. Single cell 
tracking was performed of 30 cells per experimental group. The blue crosshair indicates the 
cell population’s center of mass after migration. Quantification of the 3D chemotaxis experiment 
in C-D showing no chemotactic effects of the inhibitors alone. Plotted is the calculated forward 
migration index (FMI, mean ± SD) based on manual tracking of at least 30 individual cells per 
treatment (n=3-4). Statistical differences were analyzed by Kruskal-Wallis test with Dunn’s post-
hoc test. 
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Supplementary Figure 6. Characterization of monocyte subpopulations from COVID-19 
patients. A-C Comparison of monocyte subpopulations in patients with mild and severe COVID-
19 disease. Percentages of monocyte subpopulations in patients with mild (WHO 1-3, 18 
patients) vs. severe (WHO ≥ 5, 12 patients) COVID-19 disease determined via flow cytometry 
as described in Supp. Fig. 1C. D-E Upregulation of CD74 surface expression in classical 
monocytes of critically ill COVID-19 patients. CD74 and CXCR4 surface expression in classical 
monocyte subpopulation in mild vs. severe COVID-19 disease patients. Bar charts in A-E show 
means ± SD with individual datapoints representing independent patients. Statistical 
differences were analyzed by unpaired t test for A, C, D and Mann-Whitney U test for B and F 
and indicated by actual P values.  
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Supplementary Table 1. List of antibodies used for flow cytometry experiments with additional 
information. 

 
 
 
Supplementary Table 2. List of potential transcription factor binding sites upstream from the 
CD74 gene locus. Potential transcription factor binding sites at a maximum distance of 500 bp 
from the CD74 gene locus were identified in the Gene Transcription Regulation Database 
(GTRD) [5]. See accompanying excel file for detailed list. 
 
 
Supplementary Table 3. List of predicted transcription factors involved in CD74 gene 
expression. Potential transcription factors involved in the transcriptional regulation of CD74 
identified using the PathwayNet database [6]. Shown are genes with a relationship confidence 
of more than 0.1. Yellow marked are CIITA-associated transcription factors that were identified 
in Supp. Fig. 4. Orange marked are genes with no binding site within 500 bp of the CD74 gene 
as identified in Supp. Table 2. See accompanying excel file. 
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