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ABSTRACT

Biological roles for extracellular RNA (eRNA) have become apparent. For example, eRNA can induce contact activation in
blood via activation of the plasma proteases factor XlI (FXII) and factor XI (FXI). We sought to reveal the biological role of the
secretory enzyme ribonuclease 1 (RNase 1) in an organismal context by generating and analyzing RNase 1 knockout
(Rnase1~") mice. We found that these mice are viable, healthy, and fertile, though larger than Rnase1*’* mice. Rnase1~/~
plasma contains more RNA than does the plasma of Rnase1*'* mice. Moreover, the plasma of Rnase1™~ mice clots more
rapidly than does wild-type plasma. This phenotype appeared to be due to increased levels of the active form of FXIl
(FXIla) in the plasma of Rnase1™ mice compared to Rnase1*’* mice, and is consistent with the known effects of eRNA
on FXII activation. The apparent activity of FXI in the plasma of Rnase 1™~ mice was 1000-fold higher when measured in
an assay triggered by a low concentration of tissue factor than in assays based on recalcification, consistent with eRNA en-
hancing FXI activation by thrombin. These findings suggest that one of the physiological functions of RNase 1 is to degrade
eRNA in blood plasma. Loss of this function facilitates FXIl and FXI activation, which could have effects on inflammation and
blood coagulation. We anticipate that Rnase 1™~ mice will be a useful tool for evaluating other hypotheses about the func-
tions of RNase 1 and of eRNA in vivo.
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INTRODUCTION (Barnard 1969). This hypothesis is challenged by recent
work demonstrating nondigestive activities when human
RNase 1 variants and conjugates are administered exoge-
nously in vitro and in vivo (Strong et al. 2012; D'Avino
etal. 2016; Hoang et al. 2018).

RNase 1 has the highest catalytic activity and the widest
expression pattern of the ptRNases, and is found in many
bodily fluids (Morita et al. 1986; Su et al. 2004). In humans
and mice, RNase 1 circulates in blood plasma at
~0.5 pg/mL (Weickmann et al. 1984). The major source
of plasma RNase 1 is the vascular endothelium (Landré
et al. 2002; Fischer et al. 2011), and the pH optimum for
its enzymatic activity (7.3) is close to the pH of blood
(Eller et al. 2014). These findings suggest that RNase 1
could be active within the vasculature.

Ribonuclease 1 (RNase 1) is a vertebrate secretory protein
with robust nonspecific ribonucleolytic activity. The physi-
cal and catalytic properties of this enzyme are well under-
stood due to its similarity to RNase A, a bovine homolog
of RNase 1 that served as a model protein for seminal stud-
ies in biological chemistry during the twentieth century
(D'Alessio and Riordan 1997; Raines 1998; Marshall
et al. 2008; Cuchillo et al. 2011). RNase 1 is a member of
a large superfamily termed the pancreatic-type ribonucle-
ases (ptRNases) or vertebrate secretory ribonucleases.
ptRNases play diverse biological roles (Sorrentino 2010;
Koczera et al. 2016; Lu et al. 2018) and might have evolved
convergently in bacteria (Cuthbert et al. 2018).

No specific biological function has been identified
for RNase 1. Early hypotheses focused on digestion, as
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Recent studies have highlighted the ability of RNase Ato
exert biological effects via degradation of extracellular
RNA (eRNA), which is known to play roles in immunity
and blood coagulation, aswell asin cancer and artheroscle-
rosis (Kannemeier et al. 2007; Fischer et al. 2012, 2013;
Simsekyilmaz et al. 2014). RNA enhances reciprocal activa-
tion of the blood plasma proteins factors Xl (FXII) and pre-
kallikrein to the active protease forms FXlla and kallikrein by
a process called contact activation that requires physical in-
teraction between RNA and the enzymes (Kannemeier
et al. 2007). Both FXlla and kallikrein catalyze reactions
that are proinflammatory. RNA also enhances activation
of the plasma coagulation protease FXI| by both FXlla and
thrombin, promoting blood clotting (Gajsiewicz et al.
2017). The importance of these reactions in vivo is suggest-
ed by the observations that RNase A produces a beneficial
anticoagulant effect in murine models of arterial thrombo-
sis (Kannemeier et al. 2007) and stroke (Walberer et al.
2009), and that RNase 1 is cardioprotective in humans
(Cabrera-Fuentes et al. 2015). Here, we report on the first
generation of an Rnasel knockout (KO) mouse and the
characterization of its phenotype, focusing on plasma
RNA and blood coagulation.

A B Rnaser*

Salivary gland
Stomach
Small intestine

Pancreas

Rnase1"°xi"e°—H Rnase1 H-I Neo |-(>—

RESULTS

Generation of Rnase 1™~ mice by Cre-LoxP
recombination

Prior to generating Rnase 1™~ mice, we sought to validate
the use of murine RNase 1 as a model for the human en-
zyme. Previously, we showed that the murine RI-RNase 1
complex is highly similar to its human homolog in its
three-dimensional structure (Lomax et al. 2014). Further,
murine RNase 1 exhibits ribonucleolytic activity similar to
that of the human enzyme (Lomax et al. 2017). Given
that human Rnasel is expressed ubiquitously (Futami
et al. 1997), we analyzed 18 mouse tissues for Rnase1 ex-
pression by gPCR and found the mRNA to be expressed
ubiquitously (Fig. 1A). The in vitro structure—function
data, coupled with a similarly broad expression pattern in
vivo, instilled confidence in murine RNase 1 as a model
for human RNase 1.

Given the unknown biological function of RNase 1, we
chose a conditional KO approach to generate mice lacking
Rnase1 expression. The entire Rnase 1 protein-coding exon
was flanked with loxP sites in the gene-targeting vector, al-
lowing Cre-mediated recombination to excise this exon
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FIGURE 1. Generation of Rnase1 KO mice. (A) Bar graph showing the tissue-specific expression of Rnase1 in wild-type mice as measured by
gPCR. Data were normalized to the geometric mean of three reference genes. n=3 per tissue. (B) Scheme showing the breeding strategy
used to generate conditional Rnase 1 KO mice. Rnase refers to the single coding exon for the Rnase 1 gene; Neo refers to a neomycin-resistance
cassette. (C) Scheme showing the genotyping strategy used to identify Rnase1 alleles. One pair of primers recognizes sites 3’ and 5’ to the tar-
geted exon, enabling identification of wild-type (top), targeted/floxed (center), and KO (bottom) individuals. As in panel B, black triangles rep-
resent loxP sites, and open diamonds represent FRT sites. (D) A representative genotyping gel, showing bands indicative of wild-type,

heterozygous, and Rnase 1™ mice, as well as Rnase 1791°% mice.
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and result in an ablation of Rnase expression. Disruption
of the Rnasel gene was verified by a Southern blot
(Supplemental Fig. S1).

Rnase1™~ mice express neither Rnase1 mRNA
nor RNase 1 protein

gPCR was performed to verify loss of Rnase 1 expression in
Rnase1™~ mice. Eighteen tissue types were tested for
Rnase1 expression in Rnase1™~ and Rnase1*’* mice, and
levels were normalized to three reference genes. Samples
from Rnase1™ mice exhibited virtually undetectable
Rnase 1 expression (average Cr =34 = 0.3 cyclesin samples
with ampilification) (Fig. 2A). Any nonzero values are likely
due to cross-reactivity of the gPCR primers with mRNA of
RNase 1 homologs.

We performed zymogram assays of plasma samples to
detect RNase 1 by its ribonucleolytic activity and by its
electrophoretic mobility. Ribonucleolytic activity as deter-
mined by the intensity of all bands on the zymogram was
reduced significantly in Rnase1™" samples relative to
Rnase1** samples, representing a 69 + 6% loss of ribo-
nucleolytic activity (Fig. 2B). A comparable reduction
was apparent in solution-phase assays of ribonucleolytic
activity in plasma samples, with an estimated total ribo-
nuclease loss of 52 = 5% in males and 47 = 2% in females
(Fig. 2C).

We hypothesized that residual ribonucleolytic activity in
Rnase1™~ plasma is due to other ptRNases. Members of
this superfamily migrate at distinct rates during SDS-
PAGE due to variation in molecular mass and charge.
Given that RNase 1 and other ptRNases can be glycosylat-
edinvivo (Beintema et al. 1984; Salazar et al. 2014; Ressler
and Raines 2019), we treated plasma samples with
PNGase F to reduce sample complexity, and measured
mobility of the major ensuing band relative to an aglycosy-
lated recombinant murine RNase 1 standard produced in
E. coli. We found that whereas Rnase1™* plasma pro-
duced a band with mobility 101.2+0.5% that of the
RNase 1 standard, Rnasel™ plasma does not, with the
closest mobility being 103.5+0.5% that of the standard
(Fig. 2D). These results indicate that RNase 1 production
was lost in Rnase1™~ mice, and confirm that residual ribo-
nucleolytic activity in these mice arises from the activity of
other ribonucleases. gPCR analysis of secretory ribonucle-
ase genes in Rnase1™* and Rnase 1™~ showed the up-reg-
ulation of transcripts upon loss of Rnase 1, notably those of
Rnase4 and Ang1 (Fig. 3). gPCR analysis of Rnh7 mRNA
showed less variation, except in skeletal muscle (Fig. 3).

Rnase 1™~ mice are viable and appear
physically normal

Genotyping of initial Rnase171o¥/flox x B4 C-Tg(CMV—cre)
1Cgn/J progeny revealed that Rnase 1™~ mice are viable.

In heterozygote crosses, the Rnase1™ allele was inherited
according to expected Mendelian ratios, ;(2 (2, n=243)=
9.62, P<0.05. Rnase1™™ males and females are both fer-
tile, with crosses of Rnase1™™ mice producing litters of
identical size and sex distribution (7.4 =1 pups per litter,
39 +9% male, n=67) to Rnase1** mice (7.8 +2 pups per
litter, 39 = 11% male, n=39).

Rnase1™~ mice of both sexes are significantly heavier
than are Rnase1™" mice (Fig. 4A,B), but do not exhibit
any other obvious physical phenotype. Gross necropsy
and histopathological analyses did not reveal differences
between Rnase1™~ and Rnasel™" littermates (data not
shown). Rnasel™ also exhibit similar longevity to
Rnase1*’* mice, with a median survival time of 102 wk ver-
sus 126 wk (Fig. 4C).

Loss of Rnase1 results in increased plasma RNA

Given the reduced plasma ribonucleolytic activity in mice
lacking Rnase (Fig. 2B-D), we anticipated elevated plas-
ma RNA concentrations in Rnase 1™~ mice. RNA was isolat-
ed from plasma and quantified by spectrophotometry and
with a Bioanalyzer electrophoresis system. Whereas their
plasma RNA does not appear to differin size (Supplemental
Fig. S2), Rnase 1™~ mice have significantly elevated levels of
RNA in their plasma compared to Rnase1*"* mice (Fig. 4D,
E). The slightly higher level of RNA observed by spectro-
photometry (Fig. 4D) is likely due to the Bioanalyzer only
detecting RNA strands that contain >6 nt (Fig. 4E).

Rnase1™~ plasma clots more quickly than does
Rnase1** plasma

Extracellular RNA can stimulate plasma coagulation in vitro
through activation of the contact system (Kannemeier et al.
2007). To evaluate whether increased endogenous RNA in
Rnase 1™~ mice results in enhanced plasma coagulation,
we carried out a series of kinetic coagulation studies.

Plasma collected into sodium citrate from Rnasel™~
mice formed fibrin clots significantly more quickly after
recalcification than did plasma from Rnase** mice. The
respective values were 7.2+ 1.0 min and 10.6 +2.0 min
for males, and 5.9 + 0.8 min and 23.9 £ 6.2 min for females
(Fig. 5A,B). Induction of coagulation via the intrinsic path-
way with Actin FSL activated partial thromboplastin time
(@aPTT) reagent reduced clotting time relative to unstimu-
lated plasma, but did not reveal significant differences be-
tween clotting in plasma from Rnase1™~ and Rnasel™*
mice. This distinction is expected, as the aPTT reagent
contains a charged substance that will substitute for RNA
as an inducer of contact activation.

Inducing coagulation through the extrinsic pathway by
addition of a tissue factor-containing reagent (Thromborel
S) also resulted in significantly shorter clotting times in
Rnase1™~ samples relative to Rnase?*’* in female mice.
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FIGURE 2. Verification of the loss of RNase 1 in Rnase 1™~ mice. (A) Bar graph showing the tissue-specific expression of Rnase in Rnase 1™~ mice
relative to that in Rnase1*/* littermates as measured by qPCR. Mice were matched for sex. n =3 per tissue. Data were normalized to the geometric
mean of three reference genes. (B) Zymogram of plasma samples (0.5 pL) from Rnase1*'* or Rnase 1™~ mice used to evaluate ribonucleolytic ac-
tivity relative to recombinant murine RNase 1 (100 pmol; arrow). Graph showing total ribonucleolytic activity, which was quantified by integration
of a densitometry map of each lane and found to be significantly lower in Rnase1~~ mice than in Rnase1** mice. (C) Graph showing plasma
ribonuclease concentration by genotype and sex as estimated from ribonucleolytic activity. Concentration was calculated with Equation 1 and
kea/ Ky = 8.6 x 10° M~ sec™". n>6. (D) Zymogram of plasma samples (0.5 L) treated with PNGase F and of recombinant murine RNase 1
(100 pmol; arrow). The mobility was measured from the position of the well, and normalized to the mobility of recombinant murine RNase 1 (center
lane). The position of the primary band present in Rnase1™~ plasma differs from that in wild-type plasma (arrow).
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FIGURE 3. Bar graph showing the tissue-specific expression of relevant genes in Rnase1™~
mice relative to that in Rnase1*’* littermates as measured by qPCR. Rnh1 encodes ribonucle-
ase inhibitor, Rnase4 encodes RNase 4, and Ang1 encodes angiogenin 1. Mice were matched

for sex. n= 3. Data were normalized to Gapdh.

This effect was detectable at a high (saturating) concentra-
tion of tissue factor (3.52 + 0.40 min for Rnase 1™~ vs. 5.26 +
0.28 min for Rnase1**) but was more pronounced at a
limiting concentration of tissue factor (5.81 £ 0.83 min for
Rnase1™ vs. 12.9 = 3.5 min for Rnase1*/*).

Additional experiments were performed to investigate
potential causes for the differences in coagulation times
unrelated to contact activation and the intrinsic pathway.
Tissue factor expression is elevated in obesity (Samad
and Ruf 2013), and Rnasel™" mice are heavier than
Rnase1*’* mice. Tissue factor expression was, however,
similar in Rnase1™ and Rnasel™* mice (Fig. 5C).
Fibrinogen levels, as measured by ELISA, were likewise
similar in the two mouse lines (Fig. 5D).

Apparent FXIl and FXI activity are elevated in plasma
from Rnase1™™ mice

Coagulation induced with Actin FSL aPTT reagent was sim-
ilar in Rnase1** and Rnase1™~ mice (Fig. 6A), indicating
that the intrinsic pathway of coagulation is intact in both
lines. The specific activity of FXIl appeared, however, to
be increased by two- to threefold in Rnasel™™ mice
when clotting was induced without an activator, and
more than 100-fold in the presence of Actin FSL, relative
to Rnasel™* mice. Furthermore, apparent FXI activity
was increased more than 1000-fold in Rnasel™~ mice
when coagulation was induced with a low (0.1 uM) concen-
tration of soluble tissue factor. FIX activity was similar in the
two genotypes (Fig. 6A).

The variations in FXII and FXI activity, depending on the
method of inducing coagulation, cannot be explained by
differences in plasma concentrations of FXIl and FXI anti-
gen in the two mouse lines. Indeed, antigen concentra-
tions of these proteins were similar in Rnasel™”~ and
Rnase1*"* mice on an immunoblot (Fig. 6B,C).

A 3
N & P

Rnase 1™~ mice do not exhibit
l coagulation abnormalities in vivo

Rnase 1™~ mice did not exhibit signifi-

cant differences from Rnase1** mice
in bleeding models (Fig. 7A-E), indi-
cating that elevated plasma RNA did
not have a deleterious effect on nor-
mal blood coagulation in vivo (hemo-
stasis). This finding is in keeping with
the observations that FXIl and FXI
are not required for hemostasis in
mice (Pauer et al. 2004; Wang et al.
2005). Thrombin—antithrombin (TAT)
complex formation was not different
in Rnase1*’* and Rnase 1™~ mice after
treatment with lipopolysaccharide
(LPS). LPS treatment results in a signif-
icant up-regulation of tissue factor,
leading to increased thrombin generation. FXII and FXI
would not be expected to have a major impact on such a
process. Finally, there were no differences in thrombus for-
mation in FeCls-induced arterial thrombosis assays, and
fixed sections of the carotid artery revealed a similar distri-
bution of degrees of vessel occlusion in both genotypes.

DISCUSSION

From a biochemical and biophysical perspective, RNase A
is perhaps the most thoroughly studied enzyme (D'Alessio
and Riordan 1997; Raines 1998: Marshall et al. 2008;
Cuchillo et al. 2011). Still, little is known about the function
of this protein or its homologs in vivo. We report on the use
of reverse genetics to create an Rnase1™~ mouse. These
animals are viable and fertile, but have marked reductions
in plasma ribonucleolytic activity, resulting in increased
plasma RNA concentration that affects the behavior of
the plasma proteases FXIl and FXI. These findings support
the conclusion that RNA in plasma is physiologically im-
portant, and that one of the functions of RNase 1 is to reg-
ulate plasma RNA concentration.

Preissner and coworkers have shown that infusing
RNase A into mice reduced thrombosis induced by arterial
injury and concluded that RNA is a natural procoagulant in
blood (Kannemeier et al. 2007). Thrombus formation in the
model they used requires the plasma protein FXII. FXI|
along with prekallikrein and the cofactor high molecular
weight kininogen (HK) comprise the plasma kallikrein—ki-
nin system (Schmaier 2005). FXIl and PK can undergo re-
ciprocal conversion to the active proteases FXlla and
kallikrein by a process (contact activation) that is enhanced
by binding to various “surfaces” that often carry a net
negative charge. Polyanions such as RNA, DNA, and poly-
phosphate have been implicated as inducers of contact ac-
tivation in vivo (Schmaier 2005; Morrissey and Smith 2015).
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FIGURE 4. General phenotyping and longevity studies of Rnase 1™~ mice. (A) Photograph of
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Rnase1™~ and Rnasel1*’* plasma as measured with a Bioanalyzer electrophoresis system.

that levels of the activated forms of at
least some coagulation factors are in-
creased in the plasma of Rnasel™"
mice. The observations that plasma
clotting times wherein coagulation
was induced with tissue factor were
shorter for Rnase1™~ mice than for
Rnase1*’* animals, whereas clotting
times were similar in reactions with
aPTT reagent, points to increased ac-
tivity in the classic intrinsic pathway
of coagulation in Rnase 1™~ mice.

The intrinsic pathway is comprised
of the components of the kallikrein—ki-
nin system, and the plasma clotting
proteins factors [Xand VIII. The activity
levels of factors Xll, XI, and IX were
measured with one-stage clotting as-
says, in which an unknown plasma is
tested for its capacity to restore clot-
ting in a reagent plasma lacking the
protein of interest. Results are com-
pared to those of a standard plasma
assigned an activity value of 100%.
Values in excess of 100% indicate
that the concentration of a protein is
higher than that of the control plasma.
This conclusion is based on the as-
sumption that the clotting factor being
measured is in its inactive precursor
form at the start of the assay. If this as-
sumption is valid, then results for dif-
ferent types of assays should agree
on the activity level, and the activity
level and antigen level should match.
When these equivalences are not ob-
served, then the active forms of one
or more clotting factors are likely pres-
ent in plasma prior to the start of the
assay. This latter circumstance was ob-

Values are from purified RNA samples and are normalized to plasma volume. (*) P<0.05.

FXlla activity contributes to several host defense mecha-
nisms, including inflammation through the generation of
kallikrein and coagulation through the conversion of the
plasma protein FXI to the serine protease FXla. Although
the latter reaction is not required for normal blood clot for-
mation at a site of vessel injury (hemostasis), itis implicated
in thrombosis and other pathologic processes (Maas and
Renné 2018).

Our studies indicate that increased RNA in the plasma of
Rnase 1™~ mouse has effects on FXIl and FXI. Specifically,
RNA supports conversion of these proteins to their active
forms. The shortened recalcification clotting times (clotting
in the absence of aPTT reagent or tissue factor) indicate

926 RNA (2019) Vol. 25, No. 8

served for FXIl and FXI in Rnase1™~
mice.

There was an apparent 100-fold discrepancy in FXII ac-
tivity as determined by recalcification times and aPTT as-
says in plasma from Rnase1™ mice, consistent with the
presence of significant amounts of FXlla in the plasma be-
fore the initiation of coagulation. The observation that the
apparent increase in FXIl activity was not accounted for by
an increase in FXIl antigen supports this conclusion. RNA
induces FXII autoactivation and enhances PK activation
by FXlla (Kannemeier et al. 2007; Ivanov et al. 2017).
Although FXlla in plasma might be expected to resultin in-
creased FXla levels, that is not necessarily the case. In pa-
tients with deficiency of the FXlla and kallikrein regulator
C1 inhibitor, the consequence of unregulated FXlla
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FIGURE 5. Effect of Rnase on coagulation in vitro. (A) Graph showing the effect of activators Thromborel S (TF) and Actin FSL aPTT reagent
(Actin) on the clotting of plasma from male mice. Rnase 1™/~ plasma from mice clots significantly faster than does Rnase 1*/* plasma in the absence

of added activator. n> 3. (B) Graph as in panel A but with female mice. Rnase 1™~ plasma clots significantly faster than does Rnase

1** plasma in

the absence of added activator and in the presence of Thromborel S. n > 3. (C) Representative immunoblot to probe for tissue factor in the liver
and graph showing the quantitation of band intensities in Rnase1™~ and Rnase1*’* mice. No significant difference was detected in the tissue

factor level by genotype. n=4. (D) Graph showing the fibrinogen level of plasma as assayed by ELISA in Rnase1

—/- 1 +/+

and Rnase mice. No sig-

nificant difference was detected in fibrinogen level by genotype. n=13. (*) P<0.05.

activity is enhanced bradykinin generation and tissue
swelling (angioedema), and not excessive coagulation
(thrombosis). Increased FXlla, then, does not necessarily
translate into increased coagulation.

The results for FXI activity in this study are particularly
intriguing. FXI levels based on recalcification times, aPTT
assays, and coagulation induced with a saturating concen-
tration of tissue factor roughly agreed with each other, and
with results from Rnase1** mice, which indicated relatively
little FXla in plasma from Rnase 1™~ mice. Nonetheless, as-
says using a low concentration of tissue factor indicated an
~10°fold higher level of FXI relative to plasma from
Rnase1** mice. Aswith FXII, this increase was not account-
ed for by differences in the plasma FXI antigen levels.
Polyanions, including RNA, enhance FXI activation by
thrombin (lvanov et al. 2017). This enhancement contrib-
utes little to clotting times in assays with saturating tissue
factor because the initial burst of generated thrombin over-
whelms contributions from the intrinsic pathway. At low tis-
sue factor concentrations, however, the slower rate of

thrombin generation allows feedback activation of FXI to
FXla by thrombin to affect the clotting time (Kravtsov
et al. 2009). The large apparent increase in FXI| activity, as
determined by clotting in the presence of low tissue factor,
is consistent with the presence of a polyanionic cofactor
such as RNA in the plasma of Rnase 1™~ mice.

It is important to note that elevated RNA levels in
Rnase 1™~ mice did not affect hemostatic or thrombotic re-
sponses appreciably in vivo. In the case of the hemostatic
response to blood vessel injury, this result is not surprising,
as a process that primarily affects FXII and FXI would not
be expected to have much impact on hemostasis (Pauer
et al. 2004). Although elevated plasma RNA levels in
Rnase1™~ mice might have rendered the animals more
prone to injury-induced thrombosis, local tissue damage
could have masked the effects of plasma RNA. It does
seem reasonable to conclude, however, that the elevated
RNA in Rnase 1™~ mice was not sufficient to induce throm-
bosis by itself. Still, our results indicate that elevated plas-
ma RNA enhances the basal level of FXII activation, which
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might predispose animals to inflammation or thrombosis in
the context of injury, infection, or cancer (Leon et al. 1977;
Garcia et al. 2008; Fischer et al. 2013).

Differences in coagulation in vitro appear to be more ro-
bust by genotype in female mice than in male mice. This
distinction could be due to hormonal differences between
sexes, as hormonal contraceptive use and pregnancy are
known to influence risk for aberrant blood clot formation
(Artero et al. 2012; Bleker et al. 2014). Indeed, the FXII
gene in humans is known to contain an estrogen-response
element (Farsetti et al. 1995). Our analyses used nullipa-
rous mice, but were performed in sexually mature mice
and did not control for the estrus cycle in females, which
could have contributed to trends in the data.

RNase 1 is one of ~25 homologous ptRNases in mice
(Cho et al. 2005). The mild phenotype resulting from the
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loss of RNase 1 could be due to functional redundancy,
with RNase 1 homologs performing crucial RNA-regulato-
ry functions (Cormier et al. 2001; Dyer and Rosenberg
2005). The importance of such functions is suggested by
the increase in activity of other ptRNases in Rnasel™"
mice, which could mitigate the consequences of RNase 1
loss. RNase 4, which is up-regulated in Rnase1™~ mice, is
a likely candidate to compensate, as it exhibits similar sub-
strate preferences and is also expressed broadly
(Sorrentino 2010).

The cause of the increased body weight of Rnase1™~
mice was not established by our studies but is not explica-
ble by differences in food or water consumption, or body
fat. Rnase 1™~ mice do, however, have slightly longer bod-
ies than Rnase1™* mice (data not shown). This difference
suggests changes in growth factor activity in Rnase1™~
mice.

Given the proposed roles for RNA and RNase 1 in host
defense, cancer, and blood coagulation (Sorrentino
2010; Koczera et al. 2016; Lu et al. 2018), our findings likely
reveal only one of the biological functions of this enzyme,
but do have implications for multiple