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Dispensable for Normal Development, and Deficiency Does
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TACC2 is a member of the transforming acidic coiled-coil-containing protein family and is associated with
the centrosome-spindle apparatus during cell cycling. In vivo, the TACC2 gene is expressed in various splice
forms predominantly in postmitotic tissues, including heart, muscle, kidney, and brain. Studies of human
breast cancer samples and cell lines suggest a putative role of TACC2 as a tumor suppressor protein. To
analyze the physiological role of TACC2, we generated mice lacking TACC2. TACC2-deficient mice are viable,
develop normally, are fertile, and lack phenotypic changes compared to wild-type mice. Furthermore, TACC2
deficiency does not lead to an increased incidence of tumor development. Finally, in TACC2-deficient embry-
onic fibroblasts, proliferation and cell cycle progression as well as centrosome numbers are comparable to
those in wild-type cells. Therefore, TACC2 is not required, nonredundantly, for mouse development and
normal cell proliferation and is not a tumor suppressor protein.

The mitotic cell cycle is a precisely ordered series of pro-
cesses that includes the formation, function, and dissolution of
the mitotic spindle. Members of the transforming acidic coiled-
coil-containing (TACC) family of proteins have been shown to
be components of the centrosome-spindle apparatus (reviewed
in reference 6). The family is characterized by a highly con-
served coiled-coil domain that is essential for localization to
the centrosome-spindle apparatus. There is a single TACC
gene in Drosophila melanogaster, dTACC, that is hypothesized
to play an essential role in stabilizing the centrosome-spindle
structure (7, 15). Localization to the spindle requires the Dro-
sophila Aurora A kinase (9), a kinase required for centrosome
maturation (11). Mutants lacking dTACC have abnormally
short and weak spindle and astral microtubules, a condition
leading to chromosomal missegregation. A Xenopus laevis
TACC family member, termed Maskin, has also been exten-
sively studied (2, 10, 23). In this case, it is proposed that
Maskin is involved in sequestering of mRNA complexes to the
spindle and suppression of their translation. This process is
mediated through the association of Maskin with a cytoplasmic
polyadenylation element binding protein and with eIF4E. Cells
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injected with antibodies against Maskin have mitotic defects
including disruption of the centrosome-spindle apparatus.
More recently, a distantly related TACC protein was identified
in Caenorhabditis elegans, TAC-1 (14, 22), which has been
shown to regulate the growth and assembly of microtubules.

The mammalian TACC proteins (TACC1, TACC2, and
TACC3) have only recently been identified. TACC1, the first
family member identified, was discovered as the product of a
gene that is amplified in breast cancer (24) and more recently
was also shown to be overexpressed in prostate cancer (4).
TACC3 was identified independently as an Ah receptor nu-
clear translocator protein-interacting protein and a putative
player in hypoxic responses (21), the product of an erythropoi-
etin-induced gene in hematopoietic progenitors (17), and a
Stat5S-interacting protein in a yeast two-hybrid screen (19).
Initially, an amino-terminal splice variant of TACC2 was iden-
tified as the product of a gene with reduced expression in
metastatic breast cancer cells (3) and subsequently as the prod-
uct of a gene that is induced in human microvascular endothe-
lial cells by erythropoietin (20). In the first situation, overex-
pression studies suggested that TACC2 was a tumor
suppressor protein, while in the later case, a role in blood
vessel formation was proposed.

The physiological roles of TACC3 have been recently ad-
dressed through the derivation of mice in which the TACC3
gene is disrupted (19). Deletion of TACC3 results in embry-
onic lethality at midgestation, with a number of cell types being
affected. Among the lineages, the hematopoietic ones are some
of the most profoundly affected, and this most likely results in
failure to produce sufficient red cells to support embryo
growth. Although the ability of hematopoietic stem cells to
differentiate was largely unaltered, there was a very high rate of
apoptosis, resulting in the lack of expansion of essential pro-
genitors or lineage-committed cells. The inability to expand
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FIG. 1. Tissue distribution of TACC transcripts in the mouse.
Northern blot analysis was performed with poly(A)* RNA samples
from different murine tissues. The blot was subsequently hybridized
with probes specific for TACC2 (top panel), TACCI (second panel),
and TACC3 (third panel). Hybridization for GAPDH (fourth panel)
was used to control RNA loading. Positions of standard markers and
TACC transcript sizes in kilobases are indicated.

sufficiently for hematopoietic lineage functions was rescued by
introduction of the TACC3 deficiency onto a p53 deficiency.
These data demonstrated that TACC3 is involved in control-
ling the activity of p53 during the mitotic phase of the cell
cycle, although this control does not appear to be dependent
upon the direct sequestration of p53 by TACC3. Importantly,
studies of TACC3- and p53-deficient hematopoietic cells failed
to identify significant chromosome missegregation or altered
centrosome replication.

In the studies described here, we have further pursued the
roles of the mammalian TACC proteins by disrupting the gene
for TACC2. Unlike TACC3 deficiency, TACC2 deficiency does
not create any phenotypic alterations that would provide insight
into the protein’s potential functions, if any, in mammals.

MATERIALS AND METHODS

Northern blot analysis. Northern blots with mRNAs from murine tissues were
obtained from Ambion (Austin, Tex.). Total RNA from various tissues was
prepared using RNAzol B reagent by following the protocol of the manufacturer
(Tel Test, Friendswood, Tex.). Twenty micrograms of total RNA per lane was
separated on 1% formaldehyde agarose gels. cDNA fragments of murine
TACCI, TACC2, and TACC3 genes and GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) as a loading control were used as probes after being labeled with
[«-*?P]dCTP by using a random priming labeling kit (Amersham, Arlington
Heights, Ill.). Membranes were hybridized using a rapid hybridization solution
(Amersham) followed by final stringent washes in 0.2X SSC (1X SSC is 0.15 M
sodium chloride plus 0.015 M sodium citrate)-0.1% sodium dodecyl sulfate at
65°C.

Construction of the TACC2 targeting vector, ES cell screening using Southern
blotting, and generation of TACC2 mutant mice. The TACC2 gene was isolated
from a 129 mouse/RW4 embryonic stem (ES) cell genomic library (Incyte
Genomics, Palo Alto, Calif.) by using a mouse TACC2 cDNA probe. A 10-kb
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EcoRI fragment identified by Southern blotting was subcloned into pBluescript
II SK(+). For the TACC2 targeting vector, a 7.5-kb AflIT fragment containing
part of exon 4 and exons 5 to 7 was replaced with a neomycin resistance cassette
previously described (27). A diphtheria toxin A cassette mediating negative
selection (1) was inserted into the 5’ end of the TACC3-neomycin gene con-
struct. Twenty micrograms of the Notl-linearized targeting vector was electro-
porated into embryonic day 14 ES cells, and cells were grown under selection
conditions with 350 ug of Geneticin (G418; Gibco, Rockville, Md.)/ml. Clones
were picked and expanded 7 to 9 days after electroporation. Correctly targeted
ES clones were identified by Southern analysis using a genomic probe including
exons 11 and 12 (see Fig. 2B), and karyotypically normal clones were injected
into blastocysts. Mice derived from two ES clones were analyzed in detail, and
identical phenotypes were observed. Conditions for injection of ES cells into
blastocysts and breeding to generate mice homozygous for the mutated TACC3
gene were as described previously (28).

Genotyping of TACC2-deficient mice by genomic PCR. Genomic DNA was
amplified in 50-ul reaction mixtures using 2.5 U of AmpliTaq Gold (Perkin-
Elmer, Branchburg, N.J.) in PCR buffer with a final concentration of deoxynucle-
otide triphosphates of 0.2 mM and a final concentration of MgCl, of 2 mM. The
PCR primers consisted of P1 primer (5'-CCTCAGAATAGTCAAACTCCAG
C-3") at 0.2 pM, P2 primer (5'-GGATCCAACAGTGCTTCCAGC-3') at 0.3
M, and the neomycin primer P3 (5'-ATCTCCTGTCATCTCACCTTGCT-3")
at 0.3 uM. The PCR cycle profile was as follows: 1 cycle at 94°C for 10 min
followed by 35 cycles at 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min with
a 5-s autoextension in every cycle and finally 1 cycle at 72°C for 10 min. A 450-bp
fragment indicated the presence of the wild-type allele, whereas a 600-bp frag-
ment was amplified from the mutated allele.

Histology. Tissues from 4-week-old wild-type and TACC2-deficient mice were
collected and fixed in 10% neutral buffered formalin. Tissue samples were pro-
cessed routinely and embedded in paraffin, sectioned at 4 wm, stained with
hematoxylin and eosin, and analyzed by light microscopy.

Irradiation and checkpoint activation in neurons. Pups 5.5 days old were
irradiated with 18 Gy from a cesium irradiator at a rate of 0.9 Gy/min. After 4 or
6 h, the animals were killed. Tissues were collected after transcardial perfusion
with 4% paraformaldehyde in phosphate-buffered saline (PBS). Fixed tissues
were cryoprotected in 25% buffered sucrose solution and cryosectioned at 12 pm
with a HM500 M cryostat (MICROM, Walldorf, Germany). Staining was per-
formed with 1% neutral red (Aldrich Chemical, Milwaukee, Wis.) in 0.1 M acetic
acid, pH 4.8, for 1 min, followed by dehydration in ethanol.

Cell culture and proliferation of MEFs. Mouse embryonic fibroblasts (MEFs)
were derived from 13.5-day-old embryos by using a 3T9 protocol based on a
strategy of Todaro and Green (26). Following removal of the head and organs,
embryos were rinsed with PBS, minced, and digested with trypsin (0.05% solu-
tion containing 0.53 mM EDTA) for 10 min at 37°C. Trypsin was inactivated by
addition of Dulbecco modified Eagle medium containing 10% fetal bovine serum
and 2 mM glutamine, 0.1 mM minimal essential medium nonessential amino
acids, 55 wM 2-mercaptoethanol, and 10 mg of gentamicin/ml. Cells from single
embryos were plated into two 60-mm-diameter in-culture dishes (Becton Dick-
inson, Bedford, Mass.) and incubated at 37°C in a 10% CO, humidified chamber.
Cells were maintained on a defined schedule (9 X 10° cells per 60-mm-diameter
dish passaged every 3 days). Plating after disaggregation of embryos was consid-
ered to be passage 1, and the first replating 3 days later was considered to be
passage 2. Growth curves at passages 2 and 6 were initiated with replicate
cultures of 3 X 10° cells per T-25 tissue culture flask (Falcon, Lincoln Park, N.J.).
The cell numbers from triplicate cultures were determined daily by automated
counting after trypsinization (Beckman, Fullerton, Calif.).

Cell cycle analysis. Primary MEF cells of passage 3 were used for cell cycle
analysis assays. The cells were seeded onto 6-cm-diameter plates at a density of
3 X 10° cells/plate. All cells were cultured in complete medium over a period of
16 h and then starved for 24 h (in 0.1% fetal calf serum [FCS]). Starved cells were
analyzed at this point. The growing fraction was analyzed after addition of 10%
FCS-containing medium for another 24 h. In parallel, one fraction of these cells
underwent treatment with 250 ng of nocodazole/ml for the same period of time
and was analyzed afterwards. For determination of cell cycle distribution, cells
were stained with propidium iodide (50 pg/ml in 0.1% sodium citrate-0.1%
Triton X-100) and treated with 2 pg of RNase/ml for 30 min. The DNA content
was assayed by flow cytometry (Becton Dickinson, Bedford, Mass.), and the
percentages of cells within the different phases of the cell cycle were determined
using ModFit software (Verify Software).

Determination of centrosome numbers. Exponentially growing MEFs on four-
well culture slides (Becton Dickinson) were fixed with a 1:1 mixture of methanol
and acetone for 20 min at —20°C. The slides were blocked in PBS containing
10% FCS for 1 h, and cells were stained with mouse anti-y-tubulin (1:500; Sigma,
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FIG. 2. Targeted disruption of the TACC2 gene. (A) Schematic structure of and targeting strategy for the murine Z4CC2 locus. Empty boxes
represent exons 4 to 12 of the murine TACC2 gene. The locations of the 5’ external probe and PCR primers for genotyping are indicated.
Restriction enzyme sites are as follows: E, EcoRI; A, Aflll; X, Xbal. wt, wild type; NEO, neomycin resistance cassette; DTA, diphtheria toxin A
cassette; ko, knockout. Confirmation of successful targeting of ES cells was obtained by Southern blot analysis (B) and PCR screening of F; mice
for the presence of the disrupted allele (C). WT, wild type; KO, knockout; HET, heterozygote. (D) Northern blot analysis of kidney tissue with
a TACC2-specific probe shows no hybridization signal in knockout tissue. Note that disruption of the TACC2 gene led to the complete absence
of both the 4- and 10-kb transcripts, therefore generating a null mutation for all transcript variants. Hybridization for actin (lower panel) was used

to control RNA loading. The positions of transcript sizes are indicated.

St. Louis, Mo.) for 1 h at room temperature. A cyanine-coupled (cy-3) anti-
mouse antibody (Jackson Immunoresearch, West Grove, Pa.) was used as a
secondary antibody (1:100). DNA was visualized in parallel by staining with
DAPI (4',6'-diamidino-2-phenylindole; Sigma Aldrich, St. Louis, Mo.). Slides
were mounted with Permouth (Fisher Scientific, Pittsburgh, Pa.). Analysis was
performed by confocal microscopy using a DM-IRBE microscope (Leica, Exton,
Pa.) together with Leica TCS-NT software.

RESULTS

Tissue distribution of TACC family members. To begin to
explore the possible biological functions of TACC2, its expres-
sion pattern was analyzed in adult tissues and compared with
those of other family members. As illustrated in Fig. 1, a major
4-kb transcript was detected in brain, kidney, lung, thymus, and
ovary as well as in whole embryo RNA. In addition, there was
a minor 10-kb transcript detected in heart, kidney, and em-
bryos. Previous studies indicated that a moderate level of ex-
pression of both TACC2 mRNAs can be detected throughout
mouse embryogenesis (19) and in human fetal tissues (12). In
general, the levels of transcripts for TACC2 were considerably
less than those for TACC3, which is expressed in hematopoi-
etic tissues, testis, and ovary and during embryonic develop-
ment. Like TACC2, TACCI is generally expressed at lower
levels than TACC3. Expression was seen predominantly in

brain, kidney, thymus, and ovary and during embryonic devel-
opment. In summary, the TACC family members show both
unique and overlapping patterns of mRNA expression. We
have also attempted to examine TACC2 protein levels in var-
ious tissues. However, although all available antibodies readily
detect overexpressed protein in 293T cells, immunoprecipita-
tion and Western blotting with these reagents have failed to
detect TACC2 protein in normal tissues (data not shown). We
conclude that the protein is expressed at very low levels and/or
is unstable.

Generation of TACC2-deficient mice. To assess the physio-
logic role of TACC2, we generated mice lacking TACC2. Most
of exon 4 and all of exons 5 to 7 of the TACC2 gene were
replaced by a neomycin resistance cassette in the targeting
construct (Fig. 2A). The targeting vector was introduced into
embryonic day 14 ES cells, and correctly targeted ES clones
were identified by Southern blot analysis (Fig. 2B). Four inde-
pendent heterozygous ES clones were used to generate chi-
meric mice that transmitted the mutated gene through the
germ line. TACC2 heterozygous mice were interbred to pro-
duce homozygous mutant mice. All offspring were genotyped
by PCR (Fig. 2C). Northern blot analysis of mutant animals
confirmed the presence of lower levels of expression in het-
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FIG. 3. Normal development and lack of pathology in TACC2-deficient mice. (A) Histological appearance of tissue sections from 8-week-old
TACC2 wild-type (WT) and knockout (KO) mice. Representative paraffin-embedded and hematoxylin- and eosin-stained sections of heart, muscle,
kidney, and brain are shown (magnification, X20). (B) Survival curve of TACC2-deficient mice. The Kaplan-Meyer plot represents observed
TACC2-deficient animals (n = 54) compared to their heterozygous (HET; n = 64) and wild-type (n = 37) littermates. The interval of observation
was up to 15 months. Percentages of surviving mice are shown as a function of time. (C) Normal irradiation-induced checkpoint activation in neural
cells from TACC2-deficient mice. Pups 5.5 days old were irradiated with 18 Gy and analyzed for induction of apoptosis by staining with neutral
red. Stainings from nonirradiated wild-type brains are shown in the left panels. The middle and right panels show wild-type and TACC2-deficient
tissues, respectively, 6 h after y-irradiation. The external granular layer of the cerebellum (EGL) and the dentate gyrus (DG) are shown.

erozygous mice and the absence of any TACC2 transcripts in
the homozygous TACC2-deficient mice, establishing this
mouse strain as a TACC2 null mutant (Fig. 2D).

Normal development and lack of tumors in TACC2-deficient
mice. Interbreeding of heterozygous mice produced offspring
with an expected Mendelian ratio that were indistinguishable
from littermate controls in terms of growth and development.
In addition, no abnormalities were observed in mutant mice
with regard to their reproductive abilities and fosterage. Eval-
uation of histological sections of various tissues expressing the
highest levels of TACC2 mRNA (muscle, kidney, heart, and
brain) failed to reveal any pathological abnormalities (Fig.
3A). TACC2-deficient mice showed normal survival over a
period of at least 15 months compared to wild-type and het-
erozygous control groups (Fig. 3B). None of the aging mutant
mice developed tumors as judged by macroscopic and micro-
scopic evaluations of various tissues (data not shown). These
observations do not support suggestions that TACC2 is a tu-
mor suppressor for breast cancer (3, 12).

Lack of influence of TACC2 deficiency on cell proliferation
and checkpoint function. TACC?2 is a protein which constitu-
tively localizes at the centrosome and interacts with microtu-
bules (8), similar to TACC1 and TACC3. Since TACC3 is a
critical regulator in cell cycle progression and its absence is
associated with the induction of a p53-dependent apoptotic

response (19), we further explored the possibility that TACC2
may play a comparable role in cells in which it is expressed.
Since TACC2 is predominately expressed in the brain, we
determined whether TACC2-deficient neuronal cells would be
more susceptible to DNA damage. In particular, brains of day
5.5 neonatal mice have areas containing both mitotic and post-
mitotic cell populations (16). Irradiation of these areas leads to
a characteristic induction of rapid apoptotic cell death as vi-
sualized by the occurrence of cells with pycnotic nuclei. As
shown in Fig. 3C, this response was unaltered in TACC2 mu-
tant animals. In particular, no differences could be detected in
the level of apoptosis in either mitotic or postmitotic parts of
the brain (the dentate gyrus and the extragranular layer) com-
pared to the levels in brain sections from wild-type mice.
Therefore, TACC2-deficient cells showed no change in the
frequency of induction of apoptosis in either the proliferating
or postmitotic stage.

MEFs express TACC2 (data not shown), and therefore we
examined the properties of MEFs derived from TACC2-defi-
cient embryos. TACC2-deficient MEFs could be easily estab-
lished ex vivo with proliferation kinetics indistinguishable from
those of control cells (Fig. 4A). Furthermore, mutant MEFs
derived on a 3T9 protocol (26) progressively lost proliferation
capacity, underwent a senescence crisis comparable to that of
wild-type control cells (Fig. 4B), and eventually gave rise to
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FIG. 4. Normal proliferation and senescence of TACC2-deficient
MEFs. (A) Proliferation assays using passage 2 MEFs. Cells from
wild-type (WT) and TACC2 knockout (KO) embryos were seeded at 3
X 10° cells per T-25 flask. Duplicate dishes were harvested at daily
intervals, and the total number of cells per culture was determined.
The graph shows representative results from one of three experiments.
(B) Cell proliferation on a 3T9 protocol. At 3-day intervals, the total
numbers of wild-type and TACC2-deficient cells per culture dish were
determined prior to redilution of the cells to a density of 9 X 10° cells
per 60-mm-diameter dish for repassaging. Bars indicate standard er-
rors of the mean. Representative results from one of three experiments
are shown.

transformed cell lines at a frequency comparable to that ob-
served with wild-type cells. Lastly, although TACC2 was ex-
pressed only at low levels in hematopoietic tissues, T- and
B-cell development was unaltered and TACC2-deficient cells
proliferated in response to antigen receptor engagement and
cytokines comparably to wild-type cells (data not shown).

Normal centrosome numbers and lack of aneuploidy in
TACC2-deficient cells. In Drosophila, dTACC plays an essen-
tial role in normal mitotic spindle function during embryogen-
esis (7) and its absence results in chromosomal segregation
defects. We therefore determined whether the absence of
TACC2 would be associated with aneuploidy, as assessed by
DNA content, in late-passage MEFs (Fig. 5A) or in expanded
T-cell populations (data not shown). In neither case was there
evidence of aneuploidy. In addition, we treated MEFs with
nocodazole for 24 h to destabilize the mitotic spindle and
induce cells to arrest at the G,/M phase of the cell cycle.
Primary TACC2-deficient MEFs arrested comparably to wild-
type fibroblasts in response to nocodazole inhibition.
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FIG. 5. (A) DNA content analysis of proliferating and starved
MEF cells at passage 3. Cells were starved for a 24-h period (in 0.1%
serum) and thereafter restimulated with 10% serum (growing) or
treated with nocodazole for 20 h. After staining with propidium iodide,
the DNA content was measured. Representative results from one
analysis of cells of each genotype are shown. WT, wild type; KO,
knockout. (B) Normal centrosome numbers in TACC2-deficient MEF
cells. Fixed wild-type and knockout MEFs were stained with anti-y-
tubulin antibodies (left), and DNA was visualized using DAPI (mid-
dle). Normal bipolar centrosomes are visible as yellow spots (arrow-
heads). The panel on the right shows an overlay of both stainings. The
arrows indicate cells in metaphase. (C) Centrosome numbers in wild-
type and knockout MEFs from passages 3 (p3) and 6 (p6). Each
column represents two different cell lines. For each cell line, at least
1,800 cells were counted at a magnification of X20.

Lastly, we examined the number of centrosomes in inter-
phase and mitotic cells by immunostaining (Fig. 5B) and quan-
tification (Fig. 5C) of y-tubulin, a marker for centrosomes (18),
and we also examined the mitotic spindle architecture by a-tu-
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bulin immunostaining (data not shown). TACC2 mutant cells
displayed no significant differences in either dividing cells (>20
metaphases analyzed) or interphase cells compared to wild-
type control cells. Furthermore, there were no signs of mal-
functions in the spindle apparatus when cells were stained with
anti-a-tubulin antibodies (data not shown). Collectively, these
findings indicate that TACC2 is dispensable for centrosome
duplication and mitotic spindle function.

DISCUSSION

The mammalian family of TACC proteins consists of
TACC1, TACC2, and TACC3. Interestingly, each of the
TACC family member genes chromosomally colocalizes with
one of the fibroblast growth factor receptor genes (25) and,
while there are four fibroblast growth factor receptor genes, a
fourth TACC gene has yet to be identified. As illustrated in our
work and in previous studies, each of the TACC family mem-
bers has a unique pattern of expression that only partially
overlaps with those of other family members. TACC2, in con-
trast to TACC3, is primarily expressed in postmitotic tissues,
with the highest levels of expression in the brain. As noted
above, numerous attempts have failed to find detectable levels
of TACC2 protein, in contrast to TACC3 protein, which is
readily detectable. This is consistent with the considerably low
levels of TACC2 RNA relative to those of TACC3 RNA but
may also indicate that the TACC2 protein is more unstable
and/or alternatively expressed at low levels in vivo.

TACC?2 has been identified independently in several labo-
ratories and has been hypothesized to have several different
biological functions. In one laboratory (3), a splice variant of
the TACC2 gene was proposed to be a breast cancer tumor
suppressor gene based on the observations that it was down-
regulated in more malignant cell clones and that, when over-
expressed in cell lines, it could suppress cell growth and met-
astatic properties (3). The TACC2 gene was also identified as
a gene that is induced in cultured microvascular endothelial
cells in response to erythropoietin (20) and proposed to be an
important component in the control of blood vessel growth and
development. The detection of interaction of TACC2 with the
nuclear histone acetyltransferase hGCN5L2 has led to the sug-
gestion that it may function in the regulation of gene transcrip-
tion (5), although TACC2 has been suggested to be in other
complexes (13). The lack of any phenotypic changes when the
TACC2 gene is deleted in mice demonstrates that TACC2
lacks any critical, nonredundant functions and fails to provide
support for any of the proposed functions.

The lack of any phenotypic consequences of deleting
TACC2 may indicate that it has functions that are redundantly
provided by other family members. We consider this possibility
somewhat unlikely since each of the family members has a
number of specific sites of expression and, in the tissues we
have examined, the deletion of TACC2 does not result in the
activation or increased expression of the other family mem-
bers. We also consider the possibility unlikely since there is
little sequence similarity among the TACC family members
outside of the coiled-coil domain at the C terminus. Neverthe-
less, to begin to address the issue of redundancy more defini-
tively, we have introduced the TACC2 deficiency onto the
TACCS3 deficiency. Since TACC3 deficiency causes embryonic
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lethality at midgestation and affects a variety of cell types, we
wished to assess whether the combined deficiency would result
in earlier or more profound embryonic lethality. Characteriza-
tion of a number of embryos from midgestation that were
homozygously deficient for both TACC2 and TACC3 has
failed to detect any differences from embryos with just the
TACC3 deficiency (data not shown). Also, preliminary exper-
iments indicate that MEFs lacking both TACC2 and TACC3
proliferate normally ex vivo (data not shown). Since a TACC1
deficiency is not yet available, we are unable to assess the
possibly redundant roles of TACC2 and TACCI.

Evolutionarily, Drosophila has a single TACC gene whose
product, like all the mammalian TACC proteins, interacts with
the centrosome and the mitotic spindle (7, 15). This property
of the TACC proteins is dependent upon the only conserved
domain within the proteins, namely the coiled-coil domain. In
Drosophila, reduction of dTACC expression leads to mitotic de-
fects and death during embryogenesis and female sterility in
adults. In Xenopus, however, Maskin, the TACC family member,
is proposed to form complexes with certain mRNAs, localize
them to the mitotic apparatus, and thereby regulate their expres-
sion (2). Previous studies with TACC3 demonstrated that its
presence in hematopoietic progenitors is required to suppress
p53-mediated apoptosis and that, in the absence of p53, cell
replication and chromosomal segregation are not detectably af-
fected. Based on these observations, it would appear that TACC
proteins have acquired quite distinct functions with evolution and
it is possible either that some of the family members that have
evolved by duplication in mammals have not acquired functions
or that evolution has eliminated their requirement.
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