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Abstract

MicroRNA-22 (miR-22) is a highly conserved microRNA that can regulate cell proliferation, 

oncogenesis, and cell maturation, especially during stress. In hematopoietic stem cells (HSCs) 

miR-22 has been reported to be involved in the regulation of key self-renewal factors including 

Tet2. Recent work demonstrates that miR-22 also participates in regulation of the interferon 

response, and expression profiling studies suggest that it is variably expressed at different stages in 

erythroid differentiation. We thus hypothesized that miR-22 regulates maturation of erythroid 

progenitors during stress hematopoiesis through its interaction with interferon. We compared the 

blood and bone marrow of wild type (WT) and miR-22-deficient mice at baseline and upon 

infectious challenge with systemic lymphochoriomeningitis (LCMV) virus. MiR-22-deficient 

mice maintained platelet counts better than WT mice during infection, but they showed 

significantly reduced red blood cells (RBC) and hemoglobin. Analysis of bone marrow progenitors 

demonstrated better overall survival and improved HSC homeostasis in infected miR-22-null mice 

compared to WT, attributable to a blunted interferon response to LCMV challenge in the miR-22-

null mice. We found that miR-22 was exclusively expressed in stage II erythroid precursors and 

was downregulated upon infection in WT mice. Our results indicate that miR-22 promotes the 

interferon response to viral infection and that it functions at baseline as a brake to slow erythroid 

differentiation and maintain adequate erythroid potential. Impaired regulation of erythrogenesis in 

the absence of miR-22 can lead to anemia during infection.
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Introduction

Inflammatory signaling and hematopoiesis are closely intertwined. Hematopoietic cells are 

rapidly consumed during infectious stress by clearance of immune complexes, apoptosis, or 

direct infection1, and their replacement is critical for survival. Hematopoietic progenitors in 

the bone marrow respond to this increased need for blood production by multiple routes. 

Decreased density of cells in the bone marrow can trigger proliferation by bone marrow 

progenitors2. Alternatively, exocrine signaling either directly to progenitor cells or to 

supportive cells of the bone marrow niche can promote cell cycle activity. For instance, G-

CSF is induced during infection and promotes hematopoietic stem cell (HSC) expansion3. 

Finally, inflammatory cytokines such as interferons are known to activate immune cells and 

can have direct stimulatory effects on hematopoietic progenitors. For example, interferon 

alpha (IFNα) and interferon gamma (IFNγ) have been shown to induce HSC division in 

murine and human systems4–6. Inflammatory signaling pathways are thought to be critical in 

certain hematologic malignancies7. Still, many of the mechanisms by which inflammatory 

signals control division and differentiation of hematopoietic progenitors remain unknown.

Recent work indicates that microRNA-22 (miR-22) could be a pivotal regulator at the nexus 

of hematopoiesis and inflammation8. MiR-22 is an evolutionarily conserved microRNA that 

has been shown to play a role in diverse cellular functions including cell proliferation, 

oncogenesis, tumor suppression, and cell maturation, particularly in response to stress 9–13. 

In blood, miR-22 acts as a tumor suppressor in T cell lymphoma by inhibiting expression of 

oncogenic targets such as PTEN and CDK2. Meanwhile, JAK3, STAT3, and STAT5 repress 

miR-22 expression; thus, miR-22 provides an important link to explain how activating 

mutations in the JAK-STAT pathway promote cancer14. Additionally, increased expression 

of miR-22 correlates with poor survival in myelodysplastic syndrome (MDS) and 

leukemia15, and the tumor suppressor and epigenetic modifier Tet2 is a key target of 

miR-2216, 17. Patients with MDS express high miR-22 levels and HSCs over-expressing 

miR-22 show increased replating and repopulation capacity, indicative of more aggressive 

disease17. In contrast, patients with acute myelogenous leukemia (AML) have been reported 

to have decreased levels of miR-22, likely reflecting expression variability across cell types 

and stages of differentiation18, 19.

Using transgenic expression of miR-22 in quiescent fibroblasts, Polioudakis et al. showed 

that miR-22 suppresses IRF5 and HMGB1, two factors important to activating an interferon-

mediated pro-inflammatory response through NK-κB and IRF320. MiR-22 overexpression 

enhances development of conventional dendritic cells (cDC) through suppression of the 

interferon response gene Irf8, and miR-22 is required for DC activation of TH17 responses 

through direct inhibition of the histone deacetylase HDAC421, 22. Importantly, miR-22 has 

also been implicated in erythroid maturation, as expression of miR-22 was found to correlate 

with increasingly mature states of erythroid maturation in ex vivo culture of human CD34+ 
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and K562 cells23. This finding has been corroborated in murine progenitors in vivo24. Given 

prior work showing that interferons can promote HSC proliferation and myeloid 

differentiation and may also affect erythroid differentiation4, 6, we hypothesized that miR-22 

regulates erythroid maturation during stress hematopoiesis.

Since we predicted that miR-22 function is particularly important under stress conditions 

and that these effects may be evident during in vivo infection, we compared blood and bone 

marrow hematopoietic progenitor populations of wild type (WT) and miR-22 knock out 

(KO) mice in the setting of acute viral infection with lymphochoriomeningitis virus 

(LCMV). LCMV is a model pathogen that has been widely used to study interferon-

mediated immune responses to viral infections25, 26. We found that following infection 

erythropoiesis was impaired in miR-22 KO animals while megakaryopoiesis was enhanced, 

suggesting that miR-22 functions to control the balance of erythroid and megakaryocyte 

differentiation from their common precursor. This study thus provides in vivo evidence that 

miR-22 plays a critical role in regulating erythroid differentiation during infectious stress.

Materials and Methods

Mice

Mir22-KO mice were generated as previously described in 129 background and backcrossed 

to C57Bl/6 albino mice for at least 6 generations13. Wild-type C57Bl/6 were used as 

controls. All mouse strains were maintained at an AALAC-accredited, specific-pathogen-

free animal facility at Baylor College of Medicine. Genotypes were confirmed by PCR of 

genomic DNA13. All experiments used gender-matched mice that were between 8 and 12 

weeks of age.

Microbial Infections

Lymphochoriomeningitis virus subtype Armstrong was obtained from Michael Jordan (U. 

Cincinnati). LCMV propagated in BHK21 cells was titered using a standard plaque assay as 

well as realtime quantitative PCR analysis27, 28. LCMV titers from bone marrow nucleated 

hematopoietic cells were determined by realtime quantitative PCR analysis using a standard 

curve. Mice were infected by intraperitoneal (IP) injection of 1×105 plaque-forming units 

(PFU) and blood, serum, and bone marrow were harvested after 6 days unless otherwise 

noted. Survival studies were done by intravenously (IV) injecting miR-22 KO and WT mice 

with 4×105 PFU LCMV. Mice were monitored for 15 days and sacrificed if they were 

determined to be moribund.

Peripheral blood analysis

Complete blood counts were done at baseline and at various times post LCMV infection 

using an Advia 120 Hematology System (Siemens).

Cytokine analysis

Interferon alpha ELISA was conducted 2.5 days post LCMV infection (1×105 PFU IP). 

Serum was collected from infected and mock-infected miR-22 KO and WT animals and 

ELISA was completed with the BD Platinum IFNa kit.
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Flow cytometry

Hematopoietic progenitors, erythroid precursors, and mature leukocytes were assessed from 

the bone marrow of infected and uninfected miR-22 KO animals and WT controls 6 days 

post infection. Flow cytometric markers used to analyze various populations were as 

follows: HSCs (Lin− cKit+ CD150+ CD48− CD34−), myeloid (GR1+), B cells (B220+), and 

T cells (CD4+ or CD8+), common myeloid progenitors (CMPs) (Lin− cKit+ IL7ra− CD34+ 

CD16/32−), granulocyte-monocyte progenitors (GMPs) (Lin− cKit+ IL7ra− CD34+ 

CD16/32+), megakaryocyte-erythroid progenitors (MEPs) (Lin− cKit+ IL7ra− CD34− 

CD16/32−), megakaryocyte progenitors (Lin− CD34+ CD41+), and stages in erythroid 

development (Lin− CD71+/− Ter119+/−); plasmacytoid DCs (CD11c+ SiglecH+ B220+ 

CD11b−); conventional DCs (CD11c+ CD11b+ B220−); T cells (CD3+); B cells (CD19+); 

mature neutrophils (Gr1hi CD11b+); immature neutrophils (Gr1lo CD11b+).

Antibodies used included: CD45.2 (104), CD48 (HM48-1), CD71 (R17217), Ter119, CD117 

(2B8), Sca1 (D7), CD4 (GK1.5), CD8 (53-6.7), Mac1/CD11b (M1/70), F4/80 (BM8), 

CD150 (MSHAD150), CD11c (N418), SiglecH (eBio440c), B220 (RA3-6B2), CD11b 

(M1/70), CD19 (eBio1D3), CD3 (145-2C11) obtained from eBiosciences. CD45.1 (A20) 

was obtained from BioLegend and Gr1 (RB6-8C5) was obtained from BD.

Methylcellulose assays

104 whole bone marrow leukocytes were suspended in 1 mL methylcellulose (Methocult 

3434, Stem Cell Technologies) and incubated at 37°C. Colonies were counted and typed by 

morphology after 8 days of incubation.

Quantitative PCR

Tet2 transcript levels were assessed in WBM cells using quantitative realtime PCR using 

Taqman assay mm00524395 (ThermoFisher) normalized to 18S rRNA.

Statistical analysis

All data were analyzed using using Student’s t-test, 2-way ANOVA with Tukey’s multiple 

comparisons test or Kaplan-Meier analysis in GraphPad Prism 6.

Results

MiR-22 KO mice maintain WBC counts but lose RBCs during infection

Initially we examined miR-22 null mice for potential baseline changes in immune cells 

populations in peripheral blood. Among the total leukocytes, there were only subtle 

differences between the genotypes, with an expanded monocyte population and slightly 

more neutrophils in miR-22 KO animals at baseline (Figure 1A–E).

MicroRNAs are frequently devoid of phenotypes in absence of stress, therefore we next 

compared peripheral blood immune cell numbers in miR-22 KO versus WT mice 6 days 

after a non-lethal short-term LCMV infection which is near the peak of response in blood29. 

Notably, platelets were depleted in WT animals during LCMV infection but not in miR-22 

KO animals (Figure 1D). Conversely, the red blood cell (RBC) count was significantly 
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depleted in miR-22 KO animals during infection (Figure 1E), with a drop in hemoglobin that 

was more pronounced in miR-22 KO animals compared to WT (Supplementary Figure 2). 

The mean corpuscular volume (MCV) was elevated in mir-22 KO animals, consistent with 

an enrichment in immature erythrocytes (Figure 1F). On the other hand, lymphocyte counts 

including T and B cells were not different between WT and miR-22 KO mice suggesting 

that the changes were more specific rather than general (Supplementary Figure 1B–C). The 

cDC population increased normally in miR-22 KO mice upon LCMV infection, indicating 

that miR-22 is not required for cDC expansion in this setting (Supplementary Figure 1D). In 

summary, peripheral blood analysis revealed that miR-22 KO animals maintain WBC and 

platelet numbers during infection but become significantly anemic during infection.

MiR-22 KO mice survive a lethal dose of LCMV

Given the severe anemia evident in miR-22 KO animals upon infection, we wondered if 

these animals would be more susceptible to a lethal challenge with LCMV. We therefore 

exposed miR-22 KO animals and age- and gender-matched WT controls to a lethal dose of 

LCMV by IV injection. All animals became robustly infected, and miR-22 KO animals had 

a viral load comparable to WT animals at 2.5 and 6 days post-infection (Figure 2A), with a 

trend towards higher titers suggesting impaired viral clearance by these animals. 

Surprisingly, miR-22 KO animals survived a lethal LCMV challenge at a significantly 

greater frequency than WT mice (Figure 2B).

LCMV is a noncytolytic virus that has been shown to cause lethality in mouse models not by 

direct killing of host tissues but rather by inducing a severe immunological reaction that is 

primarily mediated by type I interferon30. Normally LCMV elicits a pronounced IFNa 

response in mice that peaks 2–3 days after infection29. IFNa can then induce a cascade of 

cytokines including TNFa and IL1 that promote vasodilation and circulatory collapse.30 We 

thus measured the serum IFNa concentration in miR-22 KO and WT animals on day 3 

following infection. Notably, WT animals mounted a strong IFNa response, while the IFNa 

levels in miR-22 KO were significantly lower (Figure 2C)29. Additionally, miR-22 KO 

animals demonstrated no baseline elevation in IFNa and no induction of IFNa at day 6 post-

infection (Figure 2C, data not shown). Thus, we postulate that miR-22 KO mice survived 

LCMV lethal challenge because of a deficiency in IFNa production.

Given that miR-22 has been reported to mediate its effects through regulation of Tet2, we 

quantified the expression of Tet2 in the whole blood of WT versus miR-22 KO mice during 

infection. Whereas Tet2 expression decreased slightly during infection in WT mice, Tet2 

expression increased significantly among miR-22 KO mice upon LCMV infection. These 

findings suggest that miR-22, either directly or indirectly, has a role in suppressing Tet2 

expression during infection (Figure 2D).

MiR-22 KO maintain hematopoietic stem cell (HSC) numbers during infection

Since IFNa is known to impair HSC self-renewal4, 31, and since miR-22 KO mice produced 

less IFNa in response to LCMV infection, we predicted that HSCs may be protected from 

the harmful effects of LCMV infection in miR-22 KO mice. In order to study the role of 

miR-22 in depletion of hematopoietic progenitor populations in the bone marrow, we 
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analyzed the whole bone marrow (WBM) counts and abundance of colony forming units in 

the bone marrow. Compared to WT, miR-22 KO mice showed a more significant drop in 

WBM count upon infection (Figure 3A). Nonetheless, there was no statistical difference in 

the WBM counts of infected WT versus miR-22 KO mice (Figure 3A). When WBM cells 

were cultured in methylcellulose, the number of colonies increased in miR-22 KO animals 

during infection (Figure 3B). Further characterization of the colonies indicated that all 

colony types were increased in the miR-22 KO mice, with burst forming unit-erythroid 

(BFU-E) colonies showing the most significant increase (Supplementary Figure 3). These 

findings suggest that hematopoietic stem and myeloid progenitor cells (HSPCs) are enriched 

in the marrow of miR-22 KO mice during infection due in part to loss of differentiated cells.

We next investigated the frequency of HSPCs by fluorescence activated cell sorting (FACS). 

We avoided the use of the stem cell marker Sca1, since this marker can be non-specifically 

activated during inflammatory responses32. The percentage and absolute number of HSCs 

were diminished in WT animals during infection but not in miR-22 KO animals (Figures 

3B–C). Altogether, these results indicate that HSPCs are better preserved in miR-22 KO 

mice during infection compared to WT, possibly due to dampened IFNa inflammatory 

responses in these mice.

miR-22 restrains erythroid differentiation and preserves erythroid reserve during steady 
state hematopoiesis

Given our observations that miR-22 mice, unlike WT, have low RBCs but normal platelet 

numbers in the setting of infection, we investigated myeloid progenitors in the bone marrow 

of these mice in greater detail. Primitive myeloid progenitors, including common myeloid 

progenitors (CMP) and granulocyte-monocyte progenitors (GMP), also analyzed with the 

exclusion of the Sca1 marker, were diminished during LCMV infection regardless of 

genotype (Figure 4A). The megakaryocyte-erythroid progenitors (MEPs) also trended down 

for both genotypes with infection, but these differences did not reach statistical significance 

(Figure 4A).

Since platelet numbers were maintained in miR-22 KO animals, we quantified 

megakaryocytes and megakaryocyte progenitors in the bone marrow by FACS. 

Megakaryocyte progenitors were diminished in both WT and miR-22 KO, while their 

progeny megakaryocytes were maintained during infection in both genotypes (Figure 4B, 

Supplementary Figure 4). Notably, the baseline percentage of Lin- CD34+ CD41+ 

megakaryocyte progenitors was elevated in miR-22 KO mice (Figure 4B), suggesting that 

megakaryocyte differentiation may be enhanced in miR-22 KO mice.

Next we characterized erythroid differentiation in the miR-22 KO mice. Reticulocytes were 

present at a lower frequency in miR-22 KO animals at baseline, and fell during LCMV 

infection in both WT and KO animals (Figure 4C). This baseline deficit in reticulocytes 

contrasted with the increase in megakaryocyte progenitors in miR-22 KO mice, suggesting 

that miR-22 may play a role in the differentiation of erythroid and megakaryocyte 

progenitors from their common progenitor, the MEP.
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Erythrocytes undergo a standard process of differentiation progressing from CD71+Ter119− 

Stage I progenitors to CD71− Ter119+ Stage IV progenitors. We found that stage II 

erythroid progenitors were depleted in WT mice in the setting of LCMV infection while 

stage III and stage IV erythroid precursors were increased, and these differences were 

exaggerated in miR-22 KO mice (Figure 4D–E). Thus, the distribution of erythroid 

precursors in healthy miR-22 KO animals mimicked that of infected WT mice. Strikingly, 

the expression pattern of miR-22 mirrored this distribution, with the highest level of 

expression per cell detected at erythroid precursor stage II. The expression of miR-22 in WT 

stage II erythroid precursors was diminished upon infection (Figure 4F). Collectively, these 

data suggest that in normal conditions miR-22 restrains erythroid differentiation at stage II, 

and that this restraint is lifted during infection to promote adequate RBC production.

Discussion

In this study, we used miR-22 KO animals to determine the role of miR-22 in interferon 

responses and hematopoiesis during acute LCMV infection. MiR-22 KO animals showed a 

blunted interferon response despite a high viral titer following infection, indicating that 

miR-22 is critical in the generation of inflammatory responses to LCMV. Consistent with 

this blunted inflammatory response, hematopoietic stem and progenitor cells were better 

preserved in miR-22 KO mice during infection compared to WT. Furthermore, miR-22 

animals showed increased megakaryocyte progenitors and decreased RBC counts following 

infection. Platelets and erythrocytes are thought to arise from a common progenitor, the 

megakaryocyte-erythrocyte progenitor (MEP), and our findings suggest that miR-22 may 

affect the balance between platelet and RBC production at the MEP stage. Further evaluation 

of miR-22 KO erythroid precursors revealed a stress-like distribution with fewer cells in 

stage II and more cells at stages III–IV, indicating that miR-22 normally acts as a brake to 

restrain erythroid development at stage II. We postulate that in the absence of this restraint, 

miR-22 KO animals do not maintain an adequate reserve of immature populations and are 

thus especially susceptible to anemia during infectious stress.

A number of microRNAs have been reported to participate in the regulation of stress 

erythropoiesis33. Ours is the first specific investigation of the role of miR-22 in this process 

using viral infection in KO animals. These in vivo studies allowed us to evaluate key 

functional roles of miR-22 during stress, thereby expanding on prior in vitro studies that 

overexpressed or knocked down miR-22 in specific cell lines. Our studies yielded two 

findings that answer unresolved questions in the field.

First, miR-22 animals did not mount a normal interferon response to LCMV infection. Prior 

studies using murine fibroblasts suggested that miR-22 is normally involved in repression of 

Irf5 and NFkB, two factors that amplify interferon responses.8 Thus, we originally expected 

that interferon levels in miR-22 KO animals would be excessively high. Quite to the 

contrary, interferon levels were significantly suppressed following LCMV infection in 

miR-22 KO animals, even though these animals contained high titers of virus. Dendritic 

cells are key antigen presenting cells important to activate interferon expression by T and 

NK cells, and MiR-22 has been implicated in normal dendritic cell development, possibly 

through repression of the interferon response factor 8 (IRF8).21 Furthermore, miR-22 has 
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also been shown to be essential for bone marrow derived-DC and lung CD11c+ APC 

activation to endotoxin and other stimulants in a mechanism involving inappropriate 

induction of HDAC4. Indeed, impaired DC activation has been shown to interfere with cross 

stimulation of the TH17 response in a mouse model of emphysema22. In our model, both 

cDCs and pDCs were present in miR-22 KO animals during infection, albeit pDCs at 

somewhat lower levels. Further studies will be needed to evaluate their functional capacity.

While interferon is a key immune signal required for viral clearance after acute infection, it 

also causes deleterious effects on the host, most notably triggering lymphocyte apoptosis, 

inflammation, and an immunosuppressed state34. Indeed, a CD8-T cell-mediated pathologic 

cascade triggered by DC presentation can be lethal to mice during LCMV infection35. We 

postulate that the absence of miR-22 may cause defective APC cross activation of T cells in 

response to infection, which may have contributed to the improved survival of miR-22 KO 

mice compared to WT. Thus, loss of miR-22 does not significantly affect basal interferon 

expression in vivo and instead leads to reduced interferon responses during acute viral 

infection. We therefore speculate that antagomirs to inhibit miR-22 activity may be useful to 

reduce inflammatory responses, such as during toxic cytokine storm in response to viral 

infections or during use of cytotoxic T cell therapies for cancer.

The second key finding in our study is that miR-22 KO mice had a significant decrease in 

RBC levels during infection, whereas platelets were maintained. These reciprocal effects on 

platelets and RBCs suggest a role for miR-22 in the branchpoint differentiation of MEPs. 

Whether of not miR-22 expression is specifically diminished in primitive megakaryocyte 

progenitors with stem cell-like properties remains to be seen36. Furthermore, our data show 

a decrease in the percentage of stage II erythroid progenitors among miR-22 KO mice, 

suggesting that miR-22 normally acts as a brake to keep the majority of erythroid precursors 

at stage II. miR-22 expression decreased during infection in WT mice, effectively releasing 

the brake to allow erythroid maturation beyond stage II and thereby meet the demands of 

infection. These findings validate a prior report by Song et al. in which over-expression of 

miR-22 led to an accumulation of stage II erythroid progenitors17. Thus, similar to many 

developmental systems that contain auto-regulatory features to control the pace of 

differentiation 37, miR-22 appears to serve a regulatory role to control the pace of 

erythropoiesis – by slowing the stage II–III erythroid transition. Our data are consistent with 

the potential for rapid exhaustion of early erythrocyte progenitors in stressed mice lacking 

such inhibitory regulation.

IFNa has been shown to significantly alter HSC function, driving these cells out of 

quiescence and potentially leading to replicative stress and DNA damage over the long term. 

Since miR-22 KO mice have a blunted IFNa response following LCMV infection, we 

predicted that their HSCs would be better preserved relative to WT mice. Indeed, miR-22 

KO mice demonstrated steady HSC numbers and preserved progenitors in colony forming 

assays. These results highlight the powerful effects that IFNa can exert on HSPCs and 

suggest that there may be a therapeutic role for targeting miR-22 in people suffering from 

bone marrow suppression due to chronic inflammatory conditions such as rheumatoid 

arthritis.
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MiR-22 has been shown to regulate epigenetic programming through the methylcytosine 

deoxygenase Tet217. Our data support a role for miR-22 in suppressing Tet2 expression. 

These data indicate that epigenetic programming could be a key component of 

hematopoietic homeostasis during infectious stress. Tet2 is one of the most commonly 

mutated genes in normal karyotype AML and MDS38. Inflammatory signaling is a major 

component of the pathogenesis of MDS, and Tet2 mutations may promote pathogenesis by 

causing dysregulated inflammatory signaling39. Our data showing that Tet2 expression is not 

different when comparing WT and miR-22 KO mice at baseline suggest that miR-22 is not 

the only regulator of Tet2 expression. However, increased Tet2 expression in the miR-22 KO 

mice during infection suggests that miR-22 can suppress Tet2 expression under 

inflammatory conditions and thus could have an important therapeutic role in myeloid 

malignancies.

In summary, strategies to modify miR-22 expression during infection may be useful to curb 

excessive inflammatory and deleterious hematologic changes during severe viral infections 

and inflammatory conditions and may have applications in cancer therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• MiR-22 knock-out mice have a blunted interferon response to viral infection.

• MiR-22 exerts reciprocal effects on megakaryocyte and erythrocyte 

maintenance during infection.

• MiR-22 is expressed in Stage II erythroid progenitors to regulate the pace of 

differentiation.
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Figure 1. Peripheral blood counts reveal decreased erythrocytes in miR-22 KO mice during 
infection
Peripheral blood counts from WT or miR-KO mice at baseline or 6 days post LCMV 

infection were measured using an automated hematology system. (A) There were no 

significant changes in total white blood count. (B) Monocytes increased upon infection; 

whereas (C) lymphocytes trended downwards. (D) Platelets decreased in WT but not 

miR-22 KO animals during infection. (E) Red blood cells (RBC) were diminished at 

baseline and declined further in miR-22 KO mice upon infection. (F) Mean corpuscular 

volume of RBCs (MCV) declined in WT mice but not in miR-22 KO mice. n=3–5 per 

group. Data are representative of 2–3 independent experiments. Mean+SEM. * p<0.05; ** 

p<0.01, **** p<0.0001 by 2-way ANOVA. Differences that do not meet statistical 

significance are not labelled.
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Figure 2. MiR-22 KO mice show immune tolerance and improved survival to LCMV challenge
(A) LCMV titer in nucleated bone marrow cells of miR-22 KO and WT mice 6 days post-

infection with 1 × 105 pfu LCMV IP, as determined by quantitative PCR and a standard 

curve. n=3 per group. ϕ indicates below the limits of detection. Data are representative of 

two independent experiments. (B) miR-22 KO mice and WT controls were infected with 5 × 

105 pfu LCMV Armstrong by IV injection and monitored for 15 days. N=13–16; data 

compiled from 3 independent experiments and analyzed by Kaplan-Meier. (C) IFNa levels 

in serum at days 2.5 and 6 post-infection with 1 × 105 pfu LCMV IP. n=2–5 for each 

experimental group. Data are representative of two independent experiments. (D) Tet2 

expression in whole blood relative to 18S RNA expression as determined by qPCR. Mean 

and SEM from 3–4 samples are shown. * p<0.05, ** p<0.01, *** p<0.001 by 2-way 

ANOVA.
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Figure 3. Stem cells are preserved in miR-22 KO mice during infection
(A) Whole bone marrow (WBM) cell count decreased in miR-22 KO mice at 6 days post-

infection. (B) Total colonies in methylcellulose cultures of 104 whole bone marrow 

leukocytes increased during infection in KO mice. (C) The percentage of total bone marrow 

cellularity and (D) absolute number of Lin-cKit+CD150+CD48− long-term HSCs decreased 

in WT animals at day 6 post-infection but remained unchanged in miR-22 KO animals. For 

all panels, n=3–5 per experimental group. Data are representative of at least 2 independent 

experiments. * p<0.05; ** p<0.01 by 2-way ANOVA or Student’s t-test. Differences that do 

not meet statistical significance are not labelled.
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Figure 4. Erythopoiesis is dysregulated in miR-22 KO animals during infection
(A) Myeloid progenitors were diminished in both WT and miR-22 KO mice following 

infection. (B) Megakaryocyte progenitors (mega prog) as a percentage of whole bone 

marrow were increased at baseline in miR-22 KO mice and diminished during infection. 

Megakaryocytes (mega) were maintained during infection in both genotypes. (C) 

Reticulocytes (as a percentage of total leukocytes) were decreased in miR-22 KO mice both 

at baseline and during infection. (D) Representative flow plot showing stages I–IV in 

erythroid differentiation in WT (top) versus miR-22 KO (bottom) mice at baseline (left) or 

in presence of LCMV infection (right). (E) Breakdown of stages in erythroid differentiation 

as a percentage of Lin (GR-1, Mac1, CD4, CD8, B220) negative leukocytes. (F) Expression 

of miR-22 relative to stage II baseline erythroid progenitors as determined by qPCR and 

normalized to internal control. n=3–5 per group. Data are representative of at least 2 

independent experiments. * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001 by 2-way 

ANOVA. Differences that do not meet statistical significance are not labelled.ϕ indicates 

below the limits of detection.
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