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Classical Hodgkin lymphoma (cHL) is a malignancy of B-cell origin
in which the neoplastic cells, known as ““Reed-Sternberg”’ (RS) cells,
are characteristically binucleated. Here we describe a family where
multiple individuals developing cHL have inherited a reciprocal
translocation between chromosomes 2 and 3. The translocation
disrupts KLHDC8B, an uncharacterized gene from a region
(3p21.31) previously implicated in lymphoma and related malig-
nancies, resulting in its loss of expression. We tested KLHDC8B as
a candidate gene for cHL and found that a 5'-UTR polymorphism
responsible for decreasing its translational expression is associated
with cHL in probands from other families with cHL and segregates
with disease in those pedigrees. In one of three informative
sporadic cases of cHL, we detected loss of heterozygosity (LOH) for
KLHDC8B in RS cells, but not reactive T lymphocytes, purified from
a malignant lymph node. KLHDC8B encodes a protein predicted to
contain seven kelch repeat domains. KLHDC8B is expressed during
mitosis, where it localizes to the midbody structure connecting
cells about to separate during cytokinesis, and it is degraded after
cell division. Depletion of KLHDC8B through RNA interference
leads to an increase in binucleated cells, implicating its reduced
expression in the formation of cHL's signature RS cell.

cancer | cytokinesis

lassical Hodgkin lymphoma (cHL) (1) is a lymph node

cancer of germinal center B-cell origin. cHL tumors consist
of a minority of malignant “Reed-Sternberg” (RS) cells mixed
with reactive lymphocytes and other benign inflammatory cells.
A defining feature of RS cells is the presence of two nuclei. cHL,
along with nasopharyngeal carcinoma and a few other malig-
nancies, is associated with Epstein-Barr virus (EBV) exposure
(2), but genetic factors also contribute to risk.

In fact, the familial risk for cHL is very high. The risk in first
degree relatives of cases is elevated 3- to 4-fold compared with
the general population; the risk is greater still when onset of cHL
in the proband is under age 40 (3). A recent genome-wide scan
detected multiple loci possibly linked to familial cHL (4),
indicating that genetic heterogeneity may pose a challenge for
the identification of cHL susceptibility genes through a linkage-
based strategy. Chance ascertainment of rare families cosegre-
gating chromosomal abnormalities remains an established par-
adigm for disease gene identification, however, and was the
approach that initially led to discovery of tumor suppressor
genes responsible for retinoblastoma (5) and familial adenoma-
tous polyposis (6), among other types of cancer.

Here we report a family where several individuals carrying a
constitutional translocation involving chromosomes 2 and 3 have
developed cHL. Intriguingly, the breakpoint on chromosome 3
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is situated in a region (3p21.31) where frequent somatic cyto-
genetic rearrangements have been observed for both cHL and
nonHodgkin lymphoma (7). Additionally, genetic linkage anal-
ysis (8), chromosome transfer experiments (9), and loss of
heterozygosity (LOH) studies (10) have also implicated 3p21.31
in nasopharyngeal carcinoma, which shares an association with
EBV. Moreover, 3p21.31 LOH is common in breast cancer (11),
and breast cancer occurs more often among first degree relatives
of cHL patients than in the general population (3). We therefore
proceeded to molecularly define the translocation to determine
if it disrupts a gene that may contribute to development of cHL
and other forms of cancer.

Results

Description of the Family. In this pedigree (Fig. 14), cHL has
occurred in conjunction with a constitutional chromosomal
abnormality. The proband developed the nodular sclerosis type
of cHL at age 39. Two siblings also developed nodular sclerosis
cHL as adults. Their mother died shortly after presenting with
a mediastinal tumor (which is compatible with cHL, based on its
location), for which she declined workup. A maternal first cousin
succumbed to a brainstem tumor (which was probably not cHL,
because it is only rarely found here). Individuals with cancer for
whom genetic material is available or for whom karyotype can be
inferred inherited a t(2,3) (q11.2;p21.31) translocation (Fig. 1B).

Mapping the 3p21.31 Translocation Breakpoint within KLHDC8B. We
initially used fluorescence in situ hybridization (FISH) to map
bacterial artificial chromosomes (BACs) spanning the break-
points, as revealed by “split” signals appearing on both normal
and derivative chromosomes. Metaphase FISH of lymphoblas-
toid cells derived from a t(2,3)-carrying family member localized
breakpoints to a segment on chromosome 3 containing two
genes and to a region on chromosome 2 lacking apparent genes
(Fig. 24 and B). We next hybridized Southern blots containing
restriction digested genomic DNA with probes from each of the
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Fig. 1. Family inheriting cHL in association with constitutional, reciprocal
t(2,3) chromosomal translocation. (A) Pedigree. Filled-in symbols represent
individuals with cancer. Plus and minus signs denote those carrying, not
carrying, (or inferred to carry), respectively, the translocation. For individuals
with cancer, age of diagnosis (in years) is indicated; for those without cancer,
present age is shown. Slash indicates individual is deceased. Question mark
means translocation carrying status was not known before death and that
archival material was unavailable. Arrow denotes proband. (B) Peripheral
blood karyotype demonstrating translocation.

two genes from 3p21.31. One of them (KLHDCS8B) yielded extra
bands absent in an unaffected family member lacking the
translocation (Fig. 2C), thus narrowing the interval to a region
short enough to amplify by long-range PCR (Fig. 2D). We then
progressively refined the interval by PCR (Fig. 2E) and used
DNA sequencing to define precise breakpoints (Fig. 2F). The
chromosome 3 breakpoint resides in the first intron of
KLHDCSB. The chromosome 2 breakpoint is not located near
known or hypothetical genes. Chromosomes 2 and 3 exhibit four
base pairs of microhomology at the Der3 junction, and there is
a four base pair nonhomologous insertion at the Der2 junction.
We additionally excluded possible cryptic rearrangements by
array-based comparative genomic hybridization. In sum, the
translocation disrupts KLHDCS8B and replaces sequences up-
stream of and including its first exon and part of its first intron
with an intergenic region from chromosome 2, thus deleting its
5’-UTR and probable promoter sequences. Accordingly, quan-
titative real-time (QR) reverse transcription (RT)-PCR in lym-
phoblastoid cells shows that a translocation-carrying individual
expresses only about half as much KLHDCSB as a family member
without the translocation (Fig. 2G). Western blot confirms
correspondingly reduced expression of protein, see below (Fig.
30).

Association and Linkage with a KLHDC8B 5’-UTR Variant in Other cHL
Pedigrees. We investigated whether mutations in this gene might
occur in other cases of familial cHL. We screened probands from
52 families that each had two or more individuals affected with
cHL. Sequencing of exons and adjacent regions, as well as copy
number analysis, did not reveal any variants likely to alter protein
coding or splicing. However, we did find a previously unreported
single nucleotide polymorphism (SNP) in the 5'-UTR at +28
(with respect to transcription initiation). Heterozygous C—T
substitution was present in affected probands from 3 of 52
(5.8%) cHL families, compared with just 4 of 307 controls
(1.3%), yielding an odds ratio of 4.64 (95% confidence interval
1.01-21.4). Moreover, the variant segregates with cHL in each of
these three pedigrees (Fig. 34); of 13 individuals heterozygous
for the C/T variant, seven have had cHL, whereas, of five
individuals who are homozygous for the common allele (C/C),
none have had any malignancy (nonparametric LOD = 1.20, P <
0.01). The KLHDCSB variant therefore appears to be both
associated and linked with cHL. Additionally, one C/T hetero-
zygote has had lung cancer and two C/T heterozygotes have had
both lung cancer and cHL. Of relevance, deletions of chromo-
some 3p21.3 are among the commonest and earliest known
genetic alterations occurring in lung cancer (12).
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Fig. 2. Mapping the chromosomal translocation breakpoints. (A) FISH localiz-
ing translocation breakpoints to BAC clones RP11-73L7 from 3p21.31 and RP11-
299H21 from 2q11.2 [labeled with rhodamine (red) along with chromosome 3
centromeric locator probe RP11-91A15 labeled with fluorescein (green)]. Arrows
indicate split BAC hybridization signals. (B) Summary diagram of FISH mapping
and Southern blot fine mapping strategy. (C) Southern blot of genomic DNA from
two t(2,3) carriers and a control family member lacking the translocation, hybrid-
ized with a probe spanning KLHDC8B exons 5-6. Asterisks denote extra bands
unigue to translocation carriers. (D) Long-range PCR across t(2,3) breakpoint on
Der3. MW, molecular weight marker. (E) PCR demonstrating ~350-bp fragment
amplified across the Der3 breakpoint (“2 > 3") from t(2,3) carrier, but not from
control. “P" is positive control amplifiable from normal Chr3. “N" is negative
control with primers on opposite sides of breakpoint. (F) Electropherograms
crossing reciprocal breakpoints. Coordinates refer to human genome reference
sequence hg18. (G) Tagman QR RT-PCR (repeated in triplicate) demonstrating
KLHDC8B at approximately half normal mRNA levels in lymphoblastoid cells from
t(2,3) carrier compared with control.
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Fig. 3.
for the variant (C/T) segregates with cHL. Arrows indicate probands. (B) Cross-species DNA sequence conservation at location of the 5’-UTR variant (+28C—T).
Exon 1 alignment shown. (C) Reduced expression of KLHDC8B in two different sets of lymphoblastoid cells (numbers indicate ECACC cell lines) homozygous for
the common allele (C/C) or heterozygous for the +28C— T variant (C/T) compared with t(2,3), as shown by western blot. Blot was probed with antibodies to g-actin
(ACTB), as a loading control, and quantified by densitometry (Fig. S1). (D) Luciferase reporter assay showing that the +28C—T variant reduces translational
efficiency. The 5’-UTR of KLHDC8B, with and without the C—T substitution, was fused to a firefly luciferase gene lacking an endogenous start codon, and tested

compared with a positive control vector containing unfused firefly luciferase

Segregation of a 5’-UTR sequence variant with cHL and association with reduced amounts of KLHDC8B. (A) Three pedigrees in which heterozygosity

and a negative control transfection with Renilla luciferase vector alone. Shown is

mean of three replicate assays for each of two transfections with standard error of the mean (SEM), all normalized to Renilla luciferase internal control. ***%,

P <1074

Translational Effect of the 5'-UTR Variant. The variant substitutes a
highly conserved nucleotide residing in one of multiple poly(C)
repeats in the 5'-UTR (Fig. 3B). To determine if this polymor-
phism influences expression, we performed Western blots on
protein extracts from lymphoblastoid cells. Compared with those
homozygous for the more common C-containing allele, in two
different sets of people, heterozygosity for the +28C—T variant
produces lower levels of KLHDCSB, although its effects are less
pronounced than the translocation (Fig. 3C and Fig. S1). To
determine how the variant influences expression, we first bac-
terially subcloned and sequenced cDNA from heterozygous
lymphoblastoid cells, but found that each allele was represented
in approximately equal proportions, excluding a transcriptional
effect. To determine if the variant alters translation, we then
evaluated expression in transfected HeLa cells using a recom-
binant reporter. We fused a portion of KLHDCSB, beginning
from its 5'-UTR and extending six bases beyond the ATG
initiation codon, in-frame to a luciferase gene lacking an initi-
ation codon. The single base substitution at +28 reduces lucif-
erase fusion gene expression by approximately half (Fig. 3D),
demonstrating that the variant affects translation of the mRNA.

LOH for KLHDC8B in RS Cells. We then determined if KLHDCS8B
acquires somatic mutations in sporadic cases of cHL. Most
lymphocytes contained within a Hodgkin lymphoma are reac-
tive; malignant RS cells actually comprise just a minute fraction
of the tumor (1). We therefore used fluorescence-activated cell
sorting (FACS) to separate RS cells from reactive T and B cells
in tumors obtained from six cHL patients. We did not detect any
DNA sequence alterations in genomic DNA from transcribed
regions of the gene in RS cells. We next assayed for possible

14922 | www.pnas.org/cgi/doi/10.1073/pnas.0904231106

LOH as an indication of somatic deletion or gene conversion
events. RS cells isolated from the tumor of one patient demon-
strated LOH for five SNPs from within and flanking KLHDCSB
(Fig. 4 and Dataset S1). RS cells from another two patients each
demonstrated heterozygosity for different informative SNPs
from within KLHDC8B (Dataset S1), indicating that LOH was
unlikely (although a small region of LOH cannot be excluded).
For the remaining three patients, no informative SNPs could be
identified (Dataset S1). Thus, out of three informative sporadic
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Fig. 4. LOH in region of 3p21.31 containing KLHDC8B in RS cells from
sporadic cHL case, showing electropherograms for informative (heterozy-
gous) SNPs contrasted between tumor-derived RS and reactive T cells. Coor-
dinates refer to human genome reference sequence hg18.
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Fig. 5. Midbody localization and cell cycle-specific transcription and trans-
lation of KLHDC8B. (A) Confocal microscopy of indirect immunofluorescence
for KLHDC8B (green) and a-tubulin (red) and DAPI-counterstained nuclei
(blue) in unsynchronized Hela cells. Left two panels show a single plane
through the midbody; right two panels are projections of five adjacent planes.
DIC, differential interference contrast. Arrows point to midbody (enlarged in
Inset). (B) Hela cells were released from double-thymidine block, collected at
intervals, and each time-point analyzed by flow cytometry, western blot of
KLHDC8B with ACTB as loading control, and TagMan QR RT-PCR of KLHDC8B
repeated in quadruplicate.

cHL patients, RS cells from one demonstrated LOH in a region
of 3p21.21 including KLHDCSB.

Localization of KLHDC8B at the Midbody. KL HDCSB is a widely
expressed (per publicly available databases) yet previously un-
characterized gene predicted to encode a protein consisting of
nothing but seven kelch domains (13), which fold into B-pro-
peller structures capable of participating in protein-protein
interactions (13). Kelch repeat-containing proteins comprise a
large family with diverse activities (13). To characterize its
function, we generated antibodies to KLHDC8B and evaluated
its subcellular distribution by immunofluorescent staining of
HeLa cells (where our preliminary studies showed it is also
transcribed). KLHDC8B accumulates most strongly in mitotic
cells and concentrates in the midbody of the cytoplasmic bridge
linking daughter cells as they are about to separate during
cytokinesis (Fig. 54 and Fig. S2). To determine if KLHDCSB
expression is cell cycle-regulated, we synchronized HeLa cells at
G1 by release from a double-thymidine block and collected
fractions at successive time points. Flow cytometry, western blot,
and QR RT-PCR demonstrate that KLHDCSB is transcribed
predominantly during S phase, translated exclusively during
mitosis and cytokinesis (when the 4N population is transitioning
to 2N), and is rapidly degraded after cell division (Fig. 5B).
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Fig. 6. Increase in binucleated cells after KLHDC8B depletion. (A) KLHDC8B
shRNA reduces levels of transcript, as measured by TagMan QR RT-PCR in HelLa
cells. (B) KLHDC8B shRNA reduces levels of protein, as measured by western
blot in HelLa cell extracts. Western blot was probed with antibodies to ACTB,
as a loading control. (C) shRNA-mediated reduction of KLHDC8B increases
proportion of HeLa cells with 4N DNA content. (D) Proportion of cells in mitosis
is unchanged, but number of binucleated cells is increased after shRNA-
mediated reduction of KLHDC8B. Results of manual counting of cells treated
with either control or KLHDC8B-specific sShRNA; error bars correspond to the
SEM for nine replicates, in which batches of ~250 cells under each condition
were counted, in two separate transfections (replicates 1-2 and 3-9) per-
formed on separate days. ***, P < 0.001. (E) Example of binucleated Hela cell
after KLHDC8B shRNA treatment, DIC image of DAPI-stained nuclei.

Based on its timing and location of expression, KLHDCSB
appears to be involved in cytokinesis.

Binucleation After Depletion of KLHDC8B. In general, when cytoki-
nesis fails, the cleavage furrow regresses, resulting in binucleated
cells (14). To determine if loss of KLHDC8B can disrupt
cytokinesis and cause binucleation, we used RNA interference
to deplete its expression in HeLa cells. Flow cytometry demon-
strates that reducing KLHDCS8B expression to about half normal
level [as measured by QR RT-PCR (Fig. 64), and western blot
(Fig. 6B)], yields an increased proportion of cells with 4N DNA
content (Fig. 6C). We then microscopically examined shRNA-
treated cells and found that, whereas the overall proportion of
cells engaged in mitosis is unchanged, there is an increased
frequency of binucleated cells (Fig. 6 D and E). As a control for
off-target effects of RNAIi, we tested two additional shRNAs and
found that each elevated binucleated cell production in relation
to how well it functioned in silencing KLHDCSB (Fig. S3).
Finally, we tested whether we could complement RNAI’s effect
on binucleation by expressing an RNAi-resistant form of
KLHDCSB. We cotransfected siRNA targeting either the 5'- or
3’-UTR of the endogenous gene along with cDNA correspond-
ingly lacking either only the 5'- or 3'-UTR (Fig. S4). Compared
with a control expressing B-galactosidase, the cDNA missing
only the 3'-UTR indeed reversed binucleation resulting from the
siRNA targeting the 3'-UTR, whereas the cDNA lacking the
5’-UTR (which still contains the 3'-UTR and should remain
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vulnerable to siRNA targeting the 3’-UTR) did not. For the
siRNA targeting the 5'-UTR of KLHDCSB, the construct lack-
ing only the 3’-UTR did not complement binucleation, as
expected; however, cDNA deleted of its 5'-UTR could not fully
complement the binucleation defect. The most likely explanation
for the latter is that the 5’-UTR of KLHDCSB is necessary for
its appropriate function in cytokinesis—an interpretation con-
sistent with the observed effects of genetic variants in the
5'-UTR in familial cHL. Reduced expression of KLHDC8B
leads to formation of binucleated cells, thus recapitulating a
hallmark of cHL.

Discussion

We discovered a constitutional translocation disrupting tran-
scription of KLHDCSB in a family with multiple cases of cHL. In
the general population, 0.29-0.56% carries a balanced translo-
cation, but, because relatively little of the genome encodes genes,
only very few translocations actually interrupt genes (15). More-
over, among lymphocytes, KLHDCSB is expressed most strongly
in germinal center B cells (16), which are the malignant cell of
origin for cHL. The translocation seems unlikely to be only
coincidentally related to cHL in this family.

Additionally, we found that a 5'-UTR variant that reduces
KILHDCSB translation is associated with familial cHL and linked
to disease in three other families. The 5'-UTR variant is located
within a poly(C) repeat cluster. RNA-binding, KH domain-
containing proteins recognize poly(C) repeats (17) and partic-
ipate in cap-independent translation (18). Significantly,
KLHDCSB is translated only during mitosis and cytokinesis,
when cap-dependent translation is extinguished and only cap-
independent translation is available (19). The 5'-UTR variant
may therefore disrupt KLHDCS8B’s mitotic expression. More
studies are needed, however, to determine if this variant acts as
a causative mutation or whether it might modify risk for devel-
oping cHL or other cancers in concert with other genetic and
environmental factors.

RS cells from one of three informative sporadic cases of cHL
demonstrate LOH for KLHDCSB. Although intriguing, the
extent of LOH remains large, and we were unable to obtain
sufficient material to evaluate for additional genetic alterations.
The contribution of somatic mutations of KLHDCSB to sporadic
cHL requires further study.

The kelch domain was initially discovered as a repeated
element in an oligomeric actin-organizing Drosophila protein
serving as a component of “ring canals,” which are structures
that interconnect germ cells remaining physiologically coupled
after incomplete cytokinesis (20). Other kelch proteins also
participate in cytokinesis. Coiled-coil kelch proteins Kellp and
Kel2p (21) and Tealp (22) function to correctly position the bud
neck and cell division plane, respectively, in budding and fission
yeast. The mammalian BTB/POZ-kelch protein, Keapl, which
has a more well-established role in coordinating response to
oxidative stress via recruitment of cullin E3 ubiquitin ligase
(Cul3) to the transcription factor Nrf2 (23), is one of just a few
proteins that, like KLHDCSB, are known to locate to the
midbody’s central matrix (24). Recently, two more BTB/POZ-
kelch proteins, KLHL9 and KLHL13, were discovered in the
midbody, where they associate with the Aurora kinase spindle
checkpoint regulator and also direct its ubiquitination by Cul3
(25). Silencing of Keapl (24), KLHL9 (25), and KLHL13 (25)
similarly increases binucleated cell formation. Another BTB/
POZ-kelch protein, Nd1, participates in cytoskeletal organiza-
tion, and overexpression retards cytokinesis (26).

Most provocatively, the binucleated RS cell of cHL forms as
a consequence of defective cytokinesis (27), rather than through
cell fusion (28), and we demonstrate that KLHDCSB partici-
pates in cytokinesis, where its reduced expression leads to
formation of binucleated cells. Overall, our observations are
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consistent with a hypothesis, originally formulated nearly a
century ago by Boveri, that defective cytokinesis promotes
tumorigenesis through the formation of genetically unstable
tetraploid cells (29). An implication is that other midbody
proteins may prove to represent a general class of tumor
suppressors. Supportive observations include recent demonstra-
tions that somatic mutations of KEAP! are frequent in lung
cancer (30) and that BRCAL1 (31), BRCA2 (32), and BRCA1-
associated protein BARDI1 (33), in addition to other important
contributions to cancer, also each locate to the midbody during
cytokinesis.

Materials and Methods

Cases and Controls. Cases were recruited under Human Subjects Committee-
approved protocols. Control individual genomic DNA and lymphoblastoid cell
lines were obtained (via Sigma-Aldrich) from the European Collection of
Animal Cell Cultures (ECACC).

FISH. BAC clones were provided by the Children’s Hospital of Oakland Re-
search Institute BACPAC Resource Center. BACS were labeled with a nick
translation kit (Roche) using fluorescein-12-dUTP or tetramethyl-rhodamine-
6-dUTP. Hybridization was performed as described (34).

Purification of RS Cells. RS and nonmalignant reactive lymphocytes were
purified from lymph node suspensions via flow cytometric cell sorting using a
mixture of antibodies (35).

Mutational Analysis. We performed DNA sequencing with the ABI BigDye
Terminator v3.1 Cycle Sequencing kit (Applied Biosystems). We screened all six
KLHDC8B exons and intron-exon junctions. To evaluate copy number varia-
tion, we additionally performed exonic multiplex ligation-dependent probe
amplification using SALA MLPA reagent kits (MRC-Holland). For LOH analysis,
we selected known SNPs from dbSNP (http://www.ncbi.nIm.nih.gov/projects/
SNP) and sequenced KLHDC8B introns in sporadic cHL cases to search for
previously unreported SNPs.

Statistics. The association between the 5’-UTR variant and cHL was calculating
using the odds ratio (36). The nonparametric LOD score for segregation of the
5’-UTR variant within families was calculated using the Kong and Cox expo-
nential model (37), with observed allele frequencies for cases and controls,
using the MERLIN software package (38). P values for luciferase and shRNA
assays derive from two-tailed, two-sample T-tests assuming equal variances.

Quantitative RT-PCR. Total RNA was prepared from lymphoblastoid or HeLa
(obtained from ATCC) cells using the Absolutely RNA Miniprep kit (Strat-
agene) and used to produce randomly primed cDNAs with the Omniscript RT
kit (Qiagen). QR RT-PCR was performed using an ABI 7300 real-time PCR
system (Applied Biosystems). KLHDC8B TagMan gene expression assays
(HS00293902 m1) were obtained from Applied Biosystems and normalized
to ACTB, encoding B-actin.

Luciferase Assays. We fused the KLHDC8B 5'-UTR extending downstream to
the third amino acid residue of its protein coding sequence in-frame to the
second amino acid residue of firefly luciferase (deleting the endogenous
translation initiation codon in luciferase) in the pPK-CMV-CLuc Stable Fusion
Protein Reporter Vector (PromoKine) and introduced the +28C—T variant by
site-directed mutagenesis. Each of the wild-type and variant firefly luciferase
fusion construct plasmids (3.75 pg) was transfected with Lipofectamine (In-
vitrogen) along with 0.25 pug pRL-TK Renilla luciferase as internal control in
~80% confluent HeLa cells on 10-cm plates and assayed 24 h later using the
Promega Dual-Luciferase Reporter Assay System.

Antibodies, Inmunofluorescence, and Western Blotting. Chicken polyclonal IgY
antibodies were raised (by Aves Labs) against KLHDC8B peptide
13sDTAPQAQVRVYEPRRDC;54. (Negative controls included preimmune and
antigen-depleted sera.) Immunofluorescent staining of Hela cells, fixed in 4%
paraformaldehyde and permeabilized with 0.1% Triton X-100, used a 1:10,000
dilution of a-KLHDC8B and 1:500 dilution of a-tubulin (ab7291; Abcam)
primary antibodies followed with a 1:500 dilution of Alexa Fluor 488-labeled
goat anti-chicken and 1:500 Alexa 555-labeled goat anti-mouse secondary
antibodies (Invitrogen), blocked with 0.5% BSA and 4',6-diamino-2-
phenylindole (DAPI) nuclear counterstaining. Images were obtained with a
Zeiss 510 laser-scanning confocal microscope with 63X Plan-Apochromat
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objective using Zeiss LSM Image Browser software. Cell extracts were
prepared with the Complete Lysis-M kit (Roche). Western blots used a
1:10,000 dilution of primary antibody followed with a 1:10,000 dilution of
Aves Labs horseradish peroxidase (HRP)-conjugated goat anti-chicken IgY
secondary antibody, developed with the ECL Western Blotting Detection
kit (Amersham). Actin loading control was detected with the C-11 HRP-
conjugated antibody (Santa Cruz Biotechnology). Densitometry used Im-
agel software [Wayne Rasband, National Institutes of Health (NIH)] anal-
ysis of scanned BioMax Light (Kodak) film.

RNA Interference and Cell Cycle Analysis. One microgram KLHDC8B shRNA
plasmid vectors TI369558 (‘’shRNA1"), TI369557 (“’shRNA2"), TI1369559
(shRNA3""), and noneffective GFP negative control vector TR30003 (Origene)
were individually transfected into ~90% confluent HelLa cells on six-well
plates using Lipofectamine Plus (Invitrogen). Cells were split to ~10% conflu-
ency 24 h after transfection and then harvested an additional 16 h later for
protein extraction for Western blot, RNA extraction for RT-PCR, and pro-
pidium iodide staining of ethanol-fixed RNase A-treated cells for cell cycle
analysis, performed on a BD FACSCanto flow cytometer. shRNA-treated cells
were also plated on coverslips and stained with DAPI to manually count (25)
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