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Figure 1. Cellular gene expression co-vary with viral transcript levels. (A) t-SNE plot of 3416 latently infected CD14+ monocytes based on host and viral
gene expression (Shnayder et al., 2018), colored by percentage of HCMV reads per cell. (B) Distribution of Z scores of the Spearman correlation
coefficients between host transcript levels and total HCMV transcript levels across a single population of infected CD14+ monocytes. Black dots mark
cells surface markers coding transcripts, blue marks CD74 and red marks transcripts of MHCII (isoforms HLA-RB1/HLA-DPB1/HLA-DRA/HLA-DQB1/
HLA-DPA1/HLA-DQA1/HLA-DMA/HLA-DRB5/HLA-DQA2 and HLA-DMB, left to right), gray dots mark all other transcripts. (C and D) t-SNE plots of
monocytes as presented in A colored coded by their expression levels of MHCII (HLA-RB1/HLA-DPB1/HLA-DRA/HLA-DQB1/HLA-DPA1/HLA-DQA1/
HLA-DMA/HLA-DRB5/HLA-DQA2 and HLA-DMB) (C) or CD74 (D) transcripts. (E) Percentage of viral reads measured in all single cells by days post
infection (dpi). Error bars represent standard deviation across the single cells.
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Figure 1—figure supplement 1. High association between the correlation of host gene expression vs. viral gene
expression and host gene expression vs. time post infection. Scatterplot showing correlation of host transcript
levels and total HCMV transcript levels compared to correlation of host transcript levels and time along infection.
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Figure 1—figure supplement 2. CD74 and MHCII expression increases with culturing time of CD14+ monocytes. Relative expression levels of CD74
(A) and MHCII (B) in HCMV- infected cells and uninfected cells, measured by RT-qPCR at 6hpi, 3dpi and édpi. Error bars reflect standard deviation of 3
measurements. A representative analysis of two independent experiments is shown.
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Figure 2. CD74 and MHCII cell-surface levels in HCMV- infected monocytes inversely-correlate with viral transcript levels. (A) HCMV- infected
monocytes were FACS sorted according to cell-surface levels of CD74 or MHCII, at 3dpi. High and low gates were determined as highest and lowest
30% of the population, respectively. (B and C) Relative expression level of the viral transcripts RNA2.7 and UL138 (B) or MHCII and CD74 transcripts (C),
as measured by RT-gPCR in HCMV- infected cells, sorted by either MHCII (left) or CD74 (right) cell-surface levels at 3dpi. (D) Relative abundance of viral
DNA in HCMV- infected CD74"9" and CD74'°" monocytes, at 3dpi as measured by gPCR. Graphs show a representative experiment of 3 biological
repeats, error bars reflect standard deviation of 3 measurements. P values as calculated by t-test are indicated.
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Figure 2—figure supplement 1. CD74 and MHCII cell-surface levels in HCMV- infected monocytes inversely-correlate with viral transcript levels.
HCMV- infected monocytes were FACS sorted according to cell-surface levels of (A) MHCII or (B) CD74, at 3dpi. High and low gates were determined
as highest and lowest 30% of the population, respectively. Two biological repeats are shown. Viral expression levels in cells from each gate were
assessed by RT-gPCR measurement of the viral transcript RNA2.7. Error bars reflect standard deviation of 3 measurements. P values as calculated by t-
test are indicated.
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Figure 2—figure supplement 2. Cell-surface CD74
levels in HCMV- infected monocytes at édpi inversely-
correlate with viral gene expression. Expression level of
viral transcripts RNA2.7 and UL138, as RT-gPCR
measured in HCMV- infected cells, sorted by CD74
cell-surface levels at 6dpi. Error bars reflect standard
deviation of 3 technical replicates. P values, as
calculated by t-test, are indicated.
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Figure 2—figure supplement 3. CD74 and MHCII genes are co-expressed in HCMV- infected monocytes.

Scatterplot showing read number of CD74 vs.read number of MHCII genes in single HCMV- infected monocytes
according to scRNA-seq data (Shnayder et al., 2018).
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Figure 2—figure supplement 4. Surface expression distribution of CD74 does not change in uninfected and infected cell populations. Infected (green)
and uninfected (gray) cells were stained for surface expression of CD74 and analyzed by flow cytometry at 0, 3 and 6dpi.
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Figure 3. Changes in CD74 expression are induced by infection. Uninfected primary monocytes were FACS sorted
according to cell-surface levels of CD74. Equivalent numbers of CD74"9" and CD74'°" cells were infected with
HCMV and differences in CD74 RNA levels and in viral DNA and RNA levels between these two cell populations
were assessed by gPCR. (A) Relative CD74 transcript levels in CD74"9" and CD74'°" cells at 8hpi. (B) Relative
abundance of viral DNA in CD74"S" and CD74'" cells at 8hpi and 72hpi. (C) Relative expression level of the viral
transcripts UL22A and RNA2.7 in CD74"9" and CD74"°" cells as measured at 8hpi and 72hpi. Graphs show a
representative experiment of 3 biological repeats, error bars reflect standard deviation of 3 measurements. P
values were calculated by t-test.
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Figure 4. CD74"" infected monocytes reactivate more efficiently. HCMV- infected CD14+ Monocytes were sorted according to cell-surface levels of
CD74 at 3dpi. Equivalent numbers of cells were plated and (A) differentiated into DCs followed by co-culture with fibroblasts to quantify reactivation
events or (B) directly co-cultured with fibroblasts to induce reactivation. Data ais shown as number of infectious centers formed by CD74"" vs. CD74""
cells. Means and error bars (reflecting standard deviation) were generated from 4 independent experiments (A) and 3 independent experiments (B).
Dot colors indicate sets from the same experiment. P values as calculated by t-test are indicated.

Shnayder et al. eLife 2020;9:€52168. DOI: https://doi.org/10.7554/eLife.52168

11 of 22


https://doi.org/10.7554/eLife.52168

e LI F E Research article Microbiology and Infectious Disease

A B
sample1 sample1
- ¥ o=
cD14+ é - b "
774 >
=
< o |
- ~ 700
(=] T .
5 : : I
0000 60000 |[120000 140000
(O]
°
2
2
FSC £
| < - ‘ ‘
j =
©
CD74 high g
295 T
S
ey
&)
F\r CD74 | -
S e | | : :
0000 60000 |[120000 140000
CD74 CD74
high low
FsC Event number
C Viral genomes in natural viremic samples
P <22e-16

1287 %

32 4 P <2.2e-16

% P =0.007
P=06

W CD74 high
@ CD74 low

o
'
AN
A4

Viral copies / 10K cells

0 2 4

CD74 CD74 CD74 CD74 CD74 CD74 cDh74 CD74
high  low high low high  low high low
sample1 sample 2 sample 3 sample 4

Figure 5. CD74 cell-surface levels allow enrichment of CD14+ monocytes carrying HCMV genomes from viremic patients. CD14+ monocytes from
HSCT recipients with HCMV reactivation were sorted according to CD74 cell-surface levels. In total, 4 samples were tested, originating from 3 different

Figure 5 continued on next page
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Figure 5 continued

donors (samples 1 and 2 were collected at different time points from the same donor), and viral genome abundance was measured by ddPCR. (A) A
representative FACS sort of the cells. The highest and lowest 30% of the population were collected as CD74"9" and CD74'°" samples. (B) ddPCR
results of two representative replicates from a single sample, separated by yellow vertical line. Upper panel shows detection of viral DNA, lower panel
reflects detection of host genomes. The magenta line marks the threshold. (C) Quantification of viral genomes in CD74M9" and CD74"°" cells from four
different samples, presented as copies per 10,000 cells. Graph reflects mean and 95% CV of poisson distribution, calculated from 5 technical replicates
for each donor. P values as calculated by Fisher test are indicated.
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Figure 5—figure supplement 1. Sensitivity of viral genomes detection by ddPCR. Standard curve measuring the sensitivity and accuracy of viral DNA
detection by ddPCR, using a CMV positive control template in copy number of: 1, 3, 6, 14, 35 and 140. Detection was possible down to 3 copies per

sample.
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Figure 5—figure supplement 2. ddPCR analysis of natural samples. (A) Analysis of samples from a healthy seropositive donor by ddPCR, done in eight
replicates. Upper panel shows detection of viral DNA (1 positive event), lower panel reflects detection of host genomes. The magenta line marks the
threshold. (B) Summary of all positive events detected in A. (C) Monocytes from 5 healthy seropositive individuals were FACS sorted according to B7H4

Figure 5—figure supplement 2 continued on next page
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Figure 5—figure supplement 2 continued

levels. A gate defining positive cells, as determined by minimal staining with isotype control (0.2%-0.8%) for each donor, and the sorting gates
indicating the top 2% and bottom 70% are shown. (D) Quantification of viral genomes in the bottom 70% and top 2% B7H4 cells, designated as — and
+, respectively, from 5 different donors, presented as copies per 10,000 cells. Graph reflects mean and 95% CV of poisson distribution, calculated from
2 to 4 technical replicates for each donor. (E) ddPCR analysis of monocytes from 7 samples originating from 6 HSCT patients with HCMV viremia. Each
sample was tested in a duplicate for presence of viral genomes, shown separated by yellow vertical lines. Monocytes from donors that were positive for
viral genomes by ddPCR (samples 1-4) were used for CD74 analysis, as shown in Figure 5.
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Figure 6. HCMV latency in monocytes is associated with reduced immune-response gene signatures. RNA-seq was performed on HCMV- infected
CD14+ Monocytes that were sorted according to cell-surface levels of CD74 at 3dpi. (A) Normalized viral gene expression in CD74M9" and CD74'*"
cells. P value, calculated using likelihood ratio test on logistic regression of viral reads, is indicated. (B) Summary of gene set enrichment analysis (GSEA)
of differential expressed genes identified in RNA-seq analysis of CD74"S" and CD74'" cells using annotated GO biological processes and Reactome
pathways. (C) Representative pathways from GSEA of genes ranked by their differential expression between CD74"9" and CD74'" cells. (D) tSNE plot
of scRNA-seq of latent monocytes colored by expression level of the pathways shown in C. (E) Monocyte priming gene set from Velten et al. (2017)
analyzed on GSEA. Genes are ranked by their differential expression between CD74"9" and CD74'°" monocytes. (F) tSNE plot of scRNA-seq of latent

monocytes colored by the expression level of the monocyte priming gene set from Velten et al. (2017).
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Figure 6—figure supplement 1. Viral gene expression profile of infected CD14+ monocytes correlates between CD74"9" and CD74'°" cells and to
late lytic profile. Scatterplot showing read number of all viral genes in CD74"9" compared with CD74'°" cells at 3dpi (A) Scatterplot showing read
number of all viral genes in CD74"9"+CD74"" cells at 3dpi compared to lytically infected monocyte-derived macrophages at 4dpi (B).
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Figure 6—figure supplement 2. Comparison of changes detected in bulk RNA-seq and scRNA-seq data.
Relationship between the fold changes in RNA-seq of CD74"9" vs. CD74'°" infected monocytes and correlation
with viral transcript levels in infected monocyte scRNA-seq. Only genes that were differentially expressed in the
bulk RNA-seq with p values<0.01 are shown.
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Figure 7. Inhibition of interferon signaling increases viral gene expression and promotes reactivation. (A and B)
HCMV- infected monocytes were treated at 3hpi with interferon signaling inhibitor, ruxolitinib (ruxo), or left
untreated, and analyzed for gene expression level, by RNA-seq. (A) Expression of interferon-induced genes at
3dpi (left) and édpi (right). (B) Expression of viral genes at 3dpi (left) and 6dpi (right). (C) Viral gene expression in
HCMV- infected monocytes that were treated with ruxo at 1, 2, 3dpi or left untreated was measured by RNA-seq
at 5dpi. P values for (A-C), calculated using likelihood ratio test on logistic regression of viral reads, are indicated.
(D) HCMV- infected monocytes were treated at 3hpi with interferon signaling inhibitor, ruxolitinib (ruxo), or left
untreated, and at 6dpi, equivalent numbers of monocytes were co-cultured with fibroblasts to induce reactivation.
Viral reactivation in ruxo treated vs. untreated cells was assessed by count of GFP positive plaques formed on the
fibroblasts. Means and error bars (reflecting standard deviation) were calculated from 2 independent biological
repeats. P value as calculated using likelihood ratio test on Poisson regression of positive plaque events is
indicated.
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Figure 7—figure supplement 1. Uniform induction of expression across viral genes by inhibition of interferon signaling. Scatterplot showing read
number of all viral genes in ruxolitinib treated cells compared to untreated cells at (A) 3dpi and (B) 6dpi.
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Figure 8. Viral transcript levels in HCMV-infected CD34+ HSPCs is associated with priming towards the monocyte lineage and with reduced immune-
response. Pseudotime trajectory of single cell transcriptomes from HCMV- infected CD34+ HSPCs (n = 7,634, Shnayder et al., 2018) colored by
pseudotime (A), viral transcript levels (B), expression of monocyte priming gene signature (Velten et al., 2017) (C) and CD14 expression (D). Zoom-in
representation of the pseudotime trajectory in A-D, on the region exhibiting higher viral transcript level (top right group of cells), colored by expression
of CD74 (E), viral transcript levels (F), expression level of the cellular response to interferon gamma pathways (G) and of the adaptive immune response

pathway (H).
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