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Letter to the Editor
Apoptin/VP3 Contains a Concentration-Dependent Nuclear Localization Signal

(NLS), Not a Tumorigenic Selective NLS

Chicken anemia virus (CAV) is a small circular DNA virus
that encodes three proteins: VP1, VP2, and VP3 (3, 6). VP1
and VP2 encode both structural and regulatory proteins (8),
whereas VP3, also called apoptin (7), is a small 121-residue
protein that is reported to be a tumor-selective, proapoptotic
protein. Apoptin/VP3 has been shown to selectively reside in
the cytosol of multiple normal cells and the nuclei of multiple
transformed and tumorigenic cells (1, 9, 12). Rohn et al. (10)
have recently reported that apoptin/VP3 contains a C-termi-
nal, tumor-selective nuclear localization sequence (NLS) that
requires activation by a tumor-selective phosphorylation at
Thr108 (10). Several papers from 2003 have shown that assem-
bly of a 30- to 40-VP3-unit apoptin/VP3 multimer in the cyto-
plasm is a prerequisite for nuclear import and induction of
apoptosis (4, 5, 11).

We became interested in utilizing the apoptin/VP3 NLS to
preferentially target chimeric proteins to the nuclei of tumor
cells. Similar to results from Danen-Van Oorschot et al. (2), we
mapped the nuclear export sequence to residues 33 to 46 and
the NLS to residues 70 to 121 by genetic fusion to green
fluorescent protein (GFP) and transfection of expression plas-
mids into ras-transformed 3T3 cells (3T3ras) (Fig. 1A). Phos-
phorylation of Thr108 has been reported to be required for
nuclear import (10). However, mutation of the Thr108 phos-
phorylation site to Ala (T108A) did not alter GFP-VP370-121

nuclear accumulation in transformed 3T3ras cells (data not
shown). In addition, we failed to detect any phosphorylation of
this site in transfected tumorigenic cells in vivo by ortho-phos-
phate labeling or from transformed cell lysates in vitro (data
not shown).

Recent reports of an aggregate assembly step prior to nu-
clear import (4, 5, 11) raised our concern that the putative
tumor-selective nuclear accumulation might be due to high
levels of apoptin/VP3 expression and not to tumorigenic status.
Therefore, we transfected transformed 3T3ras cells with a lim-
iting dilution of the GFP-VP370-121 expression vector while
maintaining a constant total DNA concentration by adding
empty plasmid vector. Decreasing the GFP-VP370-121 expres-
sion levels in either transformed 3T3ras fibroblasts or primary
human foreskin fibroblasts resulted in a dramatic switch from
a predominant nuclear accumulation at high concentrations to
accumulation throughout the cell under low-level expression
conditions (Fig. 1B), similar to GFP-only expression (Fig. 1A).
Consistent with this observation, analysis of individual low-
versus high-level-expressing GFP-VP370-121-transfected nor-
mal human fibroblasts also gave a similar result in that nuclear
accumulation correlated with high expression levels and not
tumorigenic status (Fig. 1C). Similar results were observed in
multiple cell lines (normal and tumorigenic; data not shown).

We conclude that the previously reported tumor-selective
nuclear accumulation and differential killing of tumor cells by
apoptin/VP3 is based not on tumorigenic status but on higher
expression levels achieved in transfection of tumorigenic cells
versus lower expression levels obtained in transfection of nor-
mal cells. However, these observations also suggest that by

reaching a critical threshold level to trigger cytoplasmic mul-
timerization and subsequent nuclear import, apoptin/VP3 lev-
els may serve as a sensor for viral host cell killing during the
CAV life cycle.

FIG. 1. Apoptin/VP3 is imported into the nucleus due to high con-
centration levels, not tumorigenic status. (A) Structure-function dia-
gram of apoptin/VP3 (top panel). NES, nuclear export sequence.
Highlighted residues are key structural requirements. Indicated frag-
ments of the apoptin/VP3 open reading frame were genetically fused
to the C terminus of enhanced GFP (eGFP) and transfected into
3T3ras cells (bottom panel). (B) Decreasing the amount of GFP-
VP370-121 expression plasmid transfected into transformed 3T3ras fi-
broblasts (blue circles) and primary human fibroblasts (red squares)
from 0.5 to 0.05 �g/well dramatically altered the location of GFP-
VP370-121. Plasmid DNA concentration was normalized to 0.5 �g/well by
addition of corresponding amounts of empty expression vector. (C) Anal-
ysis of low- and high-level GFP-VP370-121-expressing transfected primary
human fibroblasts from the same transfected population of cells showed
nuclear import associated with high expression levels.
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