MOLECULAR AND CELLULAR BIOLOGY, June 2001, p. 3609-3615
0270-7306/01/$04.00+0 DOI: 10.1128/MCB.21.11.3609-3615.2001

Vol. 21, No. 11

Copyright © 2001, American Society for Microbiology. All Rights Reserved.

MINIREVIEW

All in the Family: the BTB/POZ, KRAB, and SCAN Domains
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Understanding the mechanisms by which specific genes are
expressed in a temporal or tissue-specific manner is a central
problem in biology. Transcription factors play a key role in this
process. These proteins are modular and can be classified
based on the structure of the domain that binds DNA. One
type of DNA binding domain is defined by its requirement for
zinc and has been designated a zinc finger motif (reviewed in
reference 28). In this group, the C,H, zinc fingers represent
one of the most common types of DNA binding domains. The
motif frequently occurs in tandem repeats and is defined by
two cysteine and two histidine residues that coordinate a zinc
ion and fold the domain into a finger-like projection that can
interact with DNA (28). There are approximately 600 to 700
genes in the human genome encoding C,H, motifs (7, 48a),
suggesting that this class of transcription factors represents a
substantial portion of the genes in the human genome.

Accompanying the zinc finger elements in the C,H, class of
zinc finger transcription factors are a variety of extended se-
quence motifs. These structural modules regulate subcellular
localization, DNA binding, and gene expression by controlling
selective association of the transcription factors with each
other or with other cellular components. In the C,H, class of
zinc fingers, these associated modules include the poxvirus and
zinc finger (POZ) domain (5), which is also known as the BTB
domain (Broad-Complex, Tramtrack, and Bric-a-brac), the
Kruppel-associated box (KRAB) (7), and the newly defined
SCAN domain (51). These domains define subgroups and may
provide insights into the functions of the members of this large
family of zinc finger transcription factors. Here each of these
domains will be introduced and representative members of the
BTB/POZ and KRAB domain families will be used to place
the more recently described SCAN domain family of transcrip-
tion factors in perspective.

BTB/POZ DOMAIN

The BTB/POZ domain is an evolutionarily conserved pro-
tein-protein interaction domain that is found at the N terminus
of some C,H,-type zinc finger transcription factors and in
some actin binding proteins having a kelch motif (reviewed in
reference 2). Examples of the BTB/POZ domain have been
identified in organisms from yeast to human. With about 100
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distinct BTB/POZ entries in available sequence databases
(48a), it is estimated that 5 to 10% of the zinc finger proteins
in humans contain these domains. Although there are many
genes associated with this domain, two better-characterized
members and their products will be overviewed to illustrate
some of the interesting features of the family.

PLZF. The organization of the promyelocytic leukemia zinc
finger (PLZF) protein is typical of this group of proteins and
consists of a single 120-amino-acid BTB/POZ domain found at
the N terminus of the protein followed by a central region of
several hundred amino acids and ending with nine C,H, Krup-
pel-type zinc fingers (Fig. 1). PLZF has been implicated in
embryonic development and hematopoiesis (for examples see
references 6, 14, and 45). The BTB/POZ domain is associated
with many of the biological functions of the PLZF protein,
including oligomerization and transcriptional repression. The
BTB/POZ domain of PLZF allows PLZF to self-associate and
to form heteromeric complexes with other BTB/POZ domains,
such as the Fanconi anemia zinc finger protein (17, 23). The
crystal structure of the PLZF BTP/POZ domain reveals a
tightly intertwined homodimer with an extensive dimer inter-
face (1, 30). Detailed analysis of the PLZF domain demon-
strated that a number of the evolutionarily conserved residues
within the BTB/POZ domain are critical for dimerization. Mu-
tations that disrupt the interface and block dimerization result
in nonfunctional proteins. This supports the general concept
that dimerization of the BTB/POZ domain is essential for the
proper folding of the entire zinc finger protein (33).

PLZF functions as a transcriptional repressor by binding to
the promoters of target genes involved in the regulation of the
cell cycle, such as cyclin A (54). The consequences of PLZF
expression in hematopoietic cells include growth suppression,
cell cycle arrest in the G,/S phase, and differentiation blockade
(41). The BTB/POZ domain is in part responsible for the
transcriptional repression mediated by PLZF. Mutational
analysis of the BTB/POZ domain suggests that the highly con-
served groove or charge pocket formed at the dimer interface
mediates transcriptional repression (33). In one model for
transcriptional repression, the BTB/POZ domain interacts
with Sin3A, SMRT (silencing mediator for retinoid and thy-
roid hormone receptors), and N-CoR (nuclear receptor core-
pressor) (15, 21, 24, 31). These corepressors, in turn, recruit a
histone deacetylase (e.g., HDAC1) to the promoter of the
target gene, resulting in local changes in chromatin structure
that diminish transcription. The PLZF gene is disrupted in
patients with t(11;17)(q23;q21)-associated acute promyelocytic
leukemia. In this disorder, the N-terminal region of PLZF is
fused to the DNA and hormone binding domains of retinoic
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FIG. 1. Three types of C,H,-type zinc finger-associated domains. The structure of representatives of the BTB/POZ (PLZF) (1, 30), KRAB
(KOX1) (37, 38), and the SCAN (ZNF174) (50, 51) domain families is drawn schematically. The primary amino acid sequences of each of the
domains, as well as information about the actual (BTB/POZ) or predicted secondary structures of the domains, are provided. The A and B

subregions of the KRAB domain are also indicated.

acid receptor a (RARa). The PLZF-RARa fusion protein
represses transcription at retinoic acid-sensitive sites through
BTB/POZ-mediated recruitment of a histone deacetylase-con-
taining complex (21, 31). This recruitment of histone deacety-
lases seems to be critical to the transforming potential of the
acute promyelocytic leukemia fusion protein. Recruitment of
similar repressive complexes to the BTB/POZ domain in other
members of the family (e.g., BCL-6/LAZ3) supports the gen-
erality of the suppressive mechanism. However, it should be
noted that this model is not universal and that some members
of the BTB/POZ family can interact but are not associated with
repression. The reason why some of the members of the family
act as repressors and others do not is an open question for the
field.

Trithorax-like. A second interesting example of the BTB/
POZ family is the Drosophila melanogaster GAGA transcrip-
tion factor, which is encoded by the essential Trithorax-like
gene (18). Normal expression of several developmental regu-

latory genes requires GAGA. Based on biochemical studies,
GAGA activates transcription by counteracting chromatin re-
pression. Natural target promoters for GAGA typically contain
multiple, closely spaced, GAGA binding sites. The BTB/POZ
domain in GAGA is responsible for oligomerization of the
transcription factor into higher-order complexes and strong
cooperative binding of GAGA to multiple DNA sites. An
attractive possibility is that oligomerization of GAGA medi-
ated by the BTB/POZ domain bends the target gene promoter.
This may result in disruption of nucleosomes and binding of
factors that are unable to overcome the nucleosome barriers by
themselves (18, 26). The function of GAGA may not be re-
stricted to the activation of specific target genes. Analysis of
Trithorax-like mutations in the fly suggests that GAGA coun-
teracts heterochromatic silencing (19). Interestingly, punctate
nuclear staining patterns are frequently seen with BTB/POZ
proteins in higher organisms. For example, the BTB/POZ do-
main is required for PLZF to localize to nuclear speckles,
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FIG. 2. Alignment of the amino acid sequences of selected members of the SCAN domain family. To illustrate the remarkable homology
characteristic of the SCAN domain, the amino acid sequences of the following SCAN domains are aligned: ZNF174 (GenBank accession number
U31248); Ziprol (also known as Ctfin51 [D10630], Ru49 [U41671], or Zfp38 [X63747]); MZF1 (also known as ZNF42 [AF161886]); ZNF202
(AF027219); ZNF213 (AF017433, also known as CR53); ZNF215 (AF056618); ZNF287 (AF217227); ZnF20 (AF011573, also known as p18
[Z21707]); murine NRIF (AJ242914); and murine PGC-2 (AF220501, also known as Leapl) and its human homolog, SDP1 (AF204271).

which may represent the accumulation of the protein on chro-
matin (2, 17, 41). The versatile BTB/POZ domain mediates
oligomerization and interaction with cofactors, ultimately lead-
ing to chromatin remodeling and changes in gene expression.

KRAB DOMAIN

A second C,H, zinc finger-associated protein-protein inter-
action motif is the KRAB domain. The KRAB box is a con-
served amino acid sequence motif at the amino-terminal end of
proteins that contain multiple C,H, zinc fingers at their car-
boxy termini (7) (Fig. 1). The KRAB domain has been esti-
mated to be found in about one-third of the human genes
encoding Kruppel-type C,H, zinc fingers. Like the BTB/POZ
domain, the KRAB domain is a transcriptional repression
module (32, 52). In contrast to the BTB/POZ domain, how-
ever, the KRAB box appears to be vertebrate specific (48a).
The KRAB domain itself spans approximately 75 amino acids
and is divided into A and B boxes, where the A box plays a key
role in repression (Fig. 1). Surprisingly, little is known about
the structure of the KRAB domain, although it is predicted to
contain two charged amphipathic helices. KRAB-containing
zinc finger transcription factors probably perform a wide range
of functions during hematopoietic cell development and dif-
ferentiation. For example, some KRAB-containing zinc finger
proteins are downregulated during myeloid differentiation (7),
while others are largely restricted to lymphoid cells and may
play a specific role in lymphoid differentiation (8). Interest-

ingly, a set of KRAB-encoding genes are clustered on chro-
mosome 19q13, many of which exhibit hematopoietic specific
expression (22). Recently a product of a member of the KRAB
family, designated ZBRKI, was shown to interact with
BRCAL, a protein that has been implicated in the transcrip-
tional regulation of DNA damage-inducible genes that func-
tion in cell cycle arrest (55). ZBRK1 functions as a transcrip-
tional repressor by binding to a specific sequence within the
gene of GADDA45, a gene that encodes a product involved in
cell cycle arrest.

Transcriptional repression and the KRAB domain. The
KRAB domain functions to repress transcription by recruiting
corepressors. At least in part, repression is mediated by bind-
ing of the transcriptional corepressor KRAB-associated pro-
tein-1 (KAP-1 [20]), which is also known as KRAB-A inter-
acting protein (KRIP-1 [27]) or transcription intermediary
factor 18 (TIF1B [34]). In one schema for KRAB-mediated
repression, the KRAB zinc finger protein specifically binds
DNA through its array of C,H, zinc fingers. The DNA-bound
KRAB domain then recruits a homotrimer of the KAP-1 core-
pressor (37, 38). The bound corepressor then interacts with
downstream target genes, such as the protein HP1 family of
nonhistone heterochromatin-associated proteins (42). This
family of proteins has an established gene-silencing function in
Drosophila. Thus, the KRAB-KAP complex results in the for-
mation of a heterochromatin-like complex, ultimately leading
to gene silencing.
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FIG. 3. Schematic diagram of four classes of SCAN domain family members. One representative of each of the four classes of SCAN family
members discussed in the text is provided for comparison. The first class has an N-terminal SCAN domain and a variable number of C-terminal
(C,H,),-type zinc fingers [SCAN-(C,H,),]. Found in this class are ZNF174 (51), and as described in the text, MZF1B (40) and Ziprol (53). A
second class of SCAN family members consists of the recently discovered group of isolated SCAN domain proteins. This group includes the mouse
PGC-2, which has a partial SCAN domain (11) as well as the corresponding human homologs (43, 44). A third group of SCAN family members
is composed of proteins predicted to have a SCAN-KRAB-(C,H,), domain alignment, such as that encoded by the hypoalphalipoproteinemia
susceptibility gene, ZNF202 (49); a BWS-associated gene, ZNF215 (3); ZNF213; which is linked with familial Mediterranean fever (13); and
ZNF287, which has been associated with a deletion found in Smith-Magenis syndrome (NM020653). A final category consists of proteins with a
predicted domain composition of KRAB-SCAN-KRAB-(C,H,),, represented by the mouse protein NRIF, which interacts with the neurotrophin

receptor (10).

SCAN DOMAIN

A third type of extended sequence motif found in some zinc
finger transcription factors is the SCAN domain. The name for
this domain, which is also called LeR because it is a leucine-
rich region, was derived from the first letters of the names of
four proteins initially found to contain this domain [SRE-ZBP,
CTfin51, AW-1 (ZNF174), and Number 18 cDNA or ZnF20]
(51). A screen of both public and private (Celera) human
genome databases with the SCAN domain suggests that there
may be more than 60 members of the SCAN family in the
human genome. Like the KRAB box, the SCAN domain ap-
pears to be vertebrate specific (48a). To date, all of the mem-
bers of the SCAN family encode a single SCAN domain. The
SCAN domain was originally defined to consist of about 80
highly conserved contiguous amino acids (51) (Fig. 1). As more
members of the family are defined, a more detailed compari-
son of the residues in the domain becomes possible. Based on
this new information, two residues have been added to the
N-terminal end and five residues to the C-terminal end of the
domain, defining the SCAN box as at least 87 residues in
length (Fig. 2). Little is known about the structure of the
SCAN domain, although three conserved proline residues
probably serve to divide the SCAN domain into at least three
predicted amphipathic a-helices (51). Like the BTB/POZ do-
main, the SCAN box is capable of mediating homo- and het-
erodimerization between specific members of the SCAN do-
main family of zinc finger transcription factors (43, 44, 50). An
attractive possibility is that the domain generates combinato-
rial diversity within the SCAN family of proteins. However, the
mechanisms involved in dimerization and partner selection are
unknown. In striking contrast to the BTB/POZ and KRAB
domains, the isolated SCAN domain is not associated with

either transcriptional activation or repression (50, 51). Like the
distribution of the genes for other zinc finger proteins, at least
some of the genes for the members of the SCAN family are
clustered in the human genome. For example, a disproportion-
ate density of SCAN family members is found on 3p21-22 (e.g.,
ZnF20 and TRFA), 6p21-22 (e.g., ZNF192 and ZNF193),
16p13.3 (e.g., ZNF174, ZNF213, and ZNF315), and 17p12-13
(e.g., ZNFIS/KOX11, ZNF29/KOX26, ZNF62, and ZFP3).
Some of these sites are of particular interest because the lo-
cations are associated with cytogenetic abnormalities. In fact,
several of the SCAN family members were cloned as a result of
attempts to identify candidate tumor suppressor genes that lie
within these chromosomal regions.

The SCAN family: one system of classification. The mem-
bers of the SCAN family of transcription factors can be divided
into classes based on the presence of other modular elements
(Fig. 3). Most SCAN domains are found in transcription fac-
tors with a variable number of C-terminal (C,H,),-type zinc
fingers [SCAN-(C,H,),]. A second class of SCAN family mem-
bers consists of the recently discovered group of isolated
SCAN domain proteins. A third group of SCAN family mem-
bers is composed of proteins predicted to have a SCAN-
KRAB-(C,H,), domain alignment, and another category con-
sists of a protein with a predicted domain composition of
KRAB-SCAN-KRAB-(C,H,),. An overview of representatives
from each of these families demonstrates that the SCAN do-
main-containing transcription factors perform a wide range of
functions important in cell development or differentiation.

SCAN-(C,H,),. The first group of SCAN domain proteins
consists of family members encoding a SCAN domain and a
variable number of C-terminal C,H, zinc fingers. There are a
number of genes, in the recent release of the human DNA
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database, but only a few have been characterized. ZNF174, the
member of the SCAN family identified by our group, encodes
a single SCAN domain and three C,H, zinc fingers. It is typical
of the SCAN family in that it is broadly expressed and interacts
with itself and other members of the family (50, 51). Applica-
tion of the proposed DNA-zinc finger recognition rules (16,
47) suggests that the zinc fingers of ZNF174, like some of the
fingers of other members of the SCAN family, can participate
in optimal DNA binding. ZNF174 appears to be a transcrip-
tional repressor, although little is known about the mechanism
of repression or its authentic target genes. Other products of
this group of SCAN family members include myeloid zinc
finger protein (MZF1). MZF1 has 13 zinc fingers and is ex-
pressed preferentially in hematopoietic progenitor cells of the
myeloid lineage (reviewed in references 25 and 48). MZF1 has
been implicated in hematopoiesis and has been found to be
essential for granulopoiesis. DNA binding sites of MZF1 were
determined, and computer searches of databases for promoter
sequences revealed potential matches in the genes for CD34,
c-myb, myeloperoxidase, and lactoferrin (35, 36, 39). Interest-
ingly, MZF1 is a bifunctional transcriptional regulator in that
it activates transcription in cells of hematopoietic origin and
represses transcription in nonhematopoietic cells (36). Alter-
native splicing of the MZF1 gene generates a SCAN box-
containing zinc finger protein, MZF1B (40). MZF1B shares
identity to the carboxy terminus of MZF1, including the 13
C,H, zinc finger modules, but MZF1B has an additional ami-
no-terminal extension that contains a SCAN box. Thus, while
MZF1 and MZF1B may bind to the same DNA target, it is
likely that they exert distinct regulatory effects because of their
unique amino termini. Additionally, it is possible that when
MZF1 is bound to a target gene it may act as a dominant-
negative inhibitor of MZF1B function. This phenomenon is
not unique to MZF1 in that other SCAN family members are
alternatively spliced, generating forms that lack the SCAN
domain.

Another member of this class of the SCAN box family,
Ziprol (which is also known as Ctfin51, Ru49, or Zfp38) may
also be important in lineage determination. In the cerebellar
cortex, this SCAN box family member is a marker for the
cerebellar granule neuronal lineage and may play a role in the
proliferation of granule cell precursors in the developing cer-
ebellum (53). Additionally, the gene product is expressed in
skin and increased dosage results in a hair loss phenotype
associated with increased epithelial cell proliferation and ab-
normal hair follicle development.

Isolated SCAN domain proteins. The second group in the
SCAN family consists of a protein with a SCAN domain with-
out associated zinc fingers. A murine SCAN domain-contain-
ing protein was identified as an adipogenic cofactor bound by
the differentiation domain of peroxisome proliferator-acti-
vated receptor vy (PPARY) (11). This protein, termed PPARYy
coactivator 2 (PGC-2, or its human homolog, SDP1 or RAZ1),
can potentiate PPAR+y-dependent gene expression, presum-
ably by facilitating the assembly of a coactivation complex and
by enhancing fat cell formation. PGC-2 does not contain zinc
fingers but does contain a partial SCAN box that consists of the
N-terminal 60 residues of the “authentic” SCAN domain (Fig.
2). The functional significance of the shortened SCAN-like
domain in PGC-2 remains to be determined.

MINIREVIEW 3613

SCAN-KRAB-(C,H,),. A third class of SCAN family mem-
bers consists of a SCAN-KRAB-(C,H,), modular architecture,
where the KRAB domain may be complete, or more fre-
quently, consist of only the A domain. In this group the SCAN
domain is N terminal to the KRAB domain (Fig. 3), although
the significance of the placement is uncertain. It appears as
though the KRAB domain can still function as a repression
module when associated with the SCAN box, although nothing
is known about how one domain influences the function of the
other. An interesting member of this subgroup of SCAN family
members is the hypoalphalipoproteinemia susceptibility gene,
ZNF202. This member of the family resides in a chromosomal
region linked genetically to low high-density lipoprotein cho-
lesterol (29). The gene encodes a protein predicted to contain
a SCAN box, an intact KRAB domain, and eight C,H, zinc
finger motifs. The ZNF202 gene product is a transcriptional
repressor that binds to elements found predominantly in genes
that participate in lipid metabolism, such as the structural
components of lipoprotein particles (apolipoproteins AIV,
CIL, and E) and enzymes involved in lipid processing (lipopro-
tein lipase, lecithin cholesteryl ester transferase) (49).

Provocatively, another member of this class of the SCAN
family (ZNF287, NM020653) was found recently in the 17p11.2
interstitial deletion associated with Smith-Magenis syndrome.
This disorder is associated with mental retardation, facial dys-
morphism, and behavioral problems such as aggressive and
self-injurious behavior (reviewed in reference 12). In a similar
correlation, ZNF213 is in strong linkage disequilibrium with
the gene for familial Mediterranean fever. This febrile disorder
is found in people originating in the Near East and is charac-
terized by brief episodes of fever accompanied by a tissue-
damaging inflammatory response of serosal surfaces, such as
the peritoneum, pleura, and synovial membranes (reviewed in
reference 4). ZNF213 encodes a SCAN box, a KRAB A do-
main, and three zinc fingers (13). Although this member of the
SCAN family is strongly linked with the disorder, both genetic
and mutational analyses have excluded the gene as being di-
rectly responsible for familial Mediterranean fever. The adja-
cent pyrin gene has been designated as the gene for familial
Mediterranean fever because of the presence of missense mu-
tations in affected patients but not in normal individuals. In-
terestingly, the pyrin gene product may be a transcription fac-
tor, possibly regulating the expression of target genes involved
in the suppression of inflammation.

Another member of this class of the SCAN family may play
a role in Beckwith-Wiedemann syndrome (BWS), a disorder
characterized by a wide variety of growth abnormalities, in-
cluding enlargement of many of the body organs and gigan-
tism. The molecular basis of this syndrome involves multiple
genes and genomic imprinting. Inheritance of two functional
copies of the primarily paternally expressed insulin-like growth
factor 2 (IGF2) gene results in overproduction of this fetal
growth factor and changes in development. Evidence for the
role of IGF2 in the disorder comes from the observation that
the majority of BWS patients show loss of imprinting of this
gene and from studies with transgenic mice in which overex-
pression of /IGF2 results in mice with BWS-like morphologic
features (46). In addition to the IGF2-containing region of
chromosome 11pl15 (BWSCR1), it is known that two other
regions of 11p15 play a role in this syndrome. Found within
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one of these regions (BWSCR?2) is ZNF215, a member of the
SCAN family that encodes four zinc fingers, as well as an
amino-terminal SCAN domain, a KRAB A domain, and a
region with similarities to a KRAB B domain (3). The two
chromosomal rearrangements that define BWSCR2 both dis-
rupt ZNF215, thus implicating the gene in the etiology of BWS.
The disrupted transcripts encode a truncated protein lacking
the zinc fingers but retaining the SCAN and KRAB domains.
It is tempting to speculate that ZNF215 may interact with the
IGF?2 system and influence the BWS phenotype (3).

KRAB-SCAN-KRAB-(C,H,),. The fourth group of SCAN
domain-containing proteins consists of one family member
with a KRAB-SCAN-KRAB-(C,H,), composition. Remark-
ably, a SCAN domain in a recently cloned murine zinc finger
protein may provide new insights into the function of this class
of SCAN box-containing proteins. The zinc finger protein-
designated neurotrophin receptor interacting factor (NRIF)
binds to the cytoplasmic domain of the neurotrophin receptor
p75NT™R, a member of the tumor necrosis factor receptor family
(reviewed in reference 9). The retinae of mice with a targeted
mutation in the NRIF gene show reduced cell death, and this
reduction is similar to that seen in both p75 and nerve growth
factor-null mice (10). These findings suggest that the gene
encoding NRIF is a SCAN family member that is an essential
component downstream of nerve growth factor and p75 in the
cell death pathway. NRIF contains five zinc fingers, a putative
nuclear localization sequence, and two N-terminal KRAB do-
mains as well as the SCAN box (Fig. 3). Although overexpres-
sion of NRIF alone localizes to the nucleus, coexpression of
both p75 and NRIF changes the pattern of expression such that
NRIF localizes to both the cytoplasm and the nucleus. The
SCAN motif does not appear to participate in the interaction
between the transcription factor and the cell surface receptor.
A provocative model suggests that upon receptor activation,
NRIF translocates to the nucleus and regulates the expression
of genes related to cell viability in the developing nervous
system. This raises the exciting general possibility that upon
ligand-induced activation of some cell surface receptors,
SCAN box-containing transcription factors are released from a
cell surface receptor and translocate to the nucleus, where they
oligomerize with themselves or with other members of the
SCAN family and regulate transcription.

Collectively, these examples illustrate that members of the
SCAN family of C,H,-type zinc finger proteins are involved in
a diverse set of biological functions. A number of interesting
questions remain about the SCAN domain, including a de-
tailed understanding of its structure, mechanism of partner
choice, and the nature of interacting proteins. Additionally,
identifying the target genes regulated by this family will be
useful in determining the function of this group of zinc finger
transcription factors. Like the BTB/POZ and KRAB domains,
the presence of a SCAN domain may provide some mechanis-
tic insights into a large number of C,H,-type zinc finger pro-
teins.
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