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A B S T R A C T

DNA degradation is critical to healthy organism development and survival. Two nuclease families that play key
roles in development and in disease are the Dnase1 and Dnase2 families. While these two families were initially
characterized by biochemical function, it is now clear that multiple enzymes in each family perform similar,
non-redundant roles in many different tissues. Most Dnase1 and Dnase2 family members are poorly
characterized, yet their elimination can lead to a wide range of diseases, including lethal anemia, parakeratosis,
cataracts and systemic lupus erythematosus. Therefore, understanding these enzyme families represents a
critical field of emerging research. This review explores what is currently known about Dnase1 and Dnase2
family members, highlighting important questions about the structure and function of family members, and
how their absence translates to disease.

1. Introduction

Regular development and healthy function of humans, mice and
other organisms requires two understudied families of endonucleases
that specifically target DNA called Dnases. These two Dnase families
were initially assumed to be only two enzymes, based on the biochem-
ical properties of their respective DNase activities. Dnase1 activity
typically requires divalent cations (Ca2+ or Mg2+), shows peak activity
at neutral pH, and leaves 5’ phosphates following DNA cleavage
(Table 1) (Shiokawa and Tanuma, 2001). In contrast, Dnase2 activity
typically does not require divalent cations, shows peak activity at an
acidic pH, and leaves 3’ phosphates following DNA cleavage (Table 1)
(Counis and Torriglia, 2006; Evans and Aguilera, 2003). However,
through molecular cloning it became clear that these DNase activities
are shared by multiple, related enzymes. While most of these enzymes
are full-time nucleases, one Dnase2 enzyme arises from the transfor-
mation of the serine protease inhibitor SerpinB1 (also called
Monocyte/Neutrophil Elastase Inhibitor/MNEI or Leukocyte Elastase
Inhibitor/LEI) into L-DnaseII (Padron-Barthe et al., 2007; Torriglia
et al., 1998). These Dnases have varied historical names, but are now
methodically named Dnase1, Dnase1L1, Dnase1L2, Dnase1L3,
Dnase2a, Dnase2b, L-DnaseII (Table 1). The diversity of these enzymes
allow the body to regulate Dnase activity in different organs according
to the needs of that organ. Overall, the absence of members from these
two families of Dnases leads to a wide variety of diseases (Table 2),
highlighting the necessity of regulated degradation of endogenous DNA
throughout development. This review will examine the tissue expres-

sion of Dnase1 and Dnase2 families, their structural and functional
characteristics, their roles in disease and their mechanisms of action.
Based on this current knowledge, this review will also consider
important needs and questions in this maturing field.

2. Tissue expression

In order to understand how Dnase1 and Dnase2 family members
regulate health and development, it is important to understand their
tissue distribution. In contrast to the well-known and ubiquitously
expressed nucleases Caspase-activated Dnase (CAD) and Endonuclease
G (EndoG) (Enari et al., 1998; Liu et al., 1997; Li et al., 2001; Widlak
and Garrard, 2005; Apostolov et al., 2007; Larsen and Sorensen, 2017;
Nagata, 2005), Dnase1 and Dnase2 family members are typically highly
expressed in a limited number of tissues or cell-types, and poorly
expressed in a few others (Table 2). Due to the enzymatic nature of
these proteins, the lower expression level could be biologically relevant.
The most widely expressed Dnase1 family member is Dnase1. Dnase1
is expressed primarily in exocrine cells in the digestive tract (Napirei
et al., 2000). However, Dnase1 is also present in blood, where it helps
clear free DNA from circulation (Napirei et al., 2000). Dnase1L3 is also
present in blood, though it is primarily secreted by myeloid cells
(Sisirak et al., 2016; Napirei et al., 2009). Myeloid cells from the liver
and spleen represent one major source of Dnase1L3, accounting for its
early name “liver-spleen Dnase” or LS-Dnase (Liu et al., 1998;
Shiokawa et al., 1998). Within the liver and spleen, Dnase1L3 is
primarily expressed by dendritic cells and macrophages (Liu et al.,
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