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The expression pattern of human papillomavirus
(HPV) capsid antigen L2 is poorly described, and the
significance of its localization with both promyelo-
cytic leukemia protein (PML) and Daxx in a sub-
nuclear domain, nuclear domain 10 (ND-10), when
ectopically expressed in tissue culture cells is contro-
versial. To address whether ND-10 localization of L2
occurs in natural cervical lesions, we used a HPV16
and HPV18 L2-specific monoclonal antibody (RG-1),
in addition to rabbit antiserum to HPV6 L2, to localize
L2. Immunohistochemical staining with RG-1 pro-
duced diffuse staining in the nuclei of some cells
located within the superficial epithelial layers in eight
of nine cases of HPV16/18� cervical intraepithelial
neoplasia grade 1 (CIN1); however, no staining was
observed in HPV16/18� high-grade CIN (0 of 8 cases),
normal cervical epithelium (0 of 20 cases), cervical
squamous cell carcinoma (0 of 102 cases), adenocar-
cinoma (0 of 51 cases), or adenosquamous carcinoma
(0 of 6 cases). HPV16/18� cervical lesions that express
L2 exhibit higher HPV16/18 genome copies per cell
compared with those that do not positively stain with
RG-1 (P � 0.04). RG-1 staining of HeLa cells trans-
fected with L2 expression constructs was frequently
concentrated in the ND-10, particularly in cells ex-
pressing high levels of L2, and co-localized with the

cellular markers of ND-10, PML, and Daxx. In con-
trast, L2 was primarily diffuse within the nucleus and
distinct from ND-10 as defined by PML immunofluo-
rescent staining in CIN lesions, condylomata, and
HPV16-transduced organotypic cultures. (Am J Pathol

2009, 174:136–143; DOI: 10.2353/ajpath.2009.080588)

Early immunohistochemical studies using polyclonal an-
tisera demonstrate nuclear staining for L2 that is sporad-
ically detected in the upper epithelial layers of condylo-
mata acuminata and cervical intraepithelial neoplasia
(CIN).1 In an examination of HPV16� biopsy specimens,
Auvinen and colleagues2 detected L2 protein in 4 of 8
mild dysplasias, 8 of 13 moderate dysplasias, 1 of 1
severe dysplasias, but no L2 expression was detected in
single cases of carcinoma in situ, or invasive carcinoma.
Expression of the L1 capsid protein was infrequently
detected in severe dysplasias (4 of 14) and invasive
cancer (1 of 6).1 Similar findings have been reported for
L1 immunohistochemistry using polyclonal and monoclo-
nal antibodies.3,4 These studies suggest that expression
of capsid protein L1 and L2 is dependent on epithelial
differentiation, and that additional examination of cancers
for L2 expression is needed.

It has been suggested that differentiation-dependent
expression of L1 and L2 represents an adaptation to
escape host immune surveillance.5 In addition to adap-
tive and innate immune control, intrinsic immune factors
or restriction factors for viral replication have been de-
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scribed.6 For example, two cellular proteins, promyelo-
cytic leukemia protein (PML) and hDaxx are components
of subnuclear domains called PML oncogenic domains
(PODs) or nuclear dot-10 (ND-10), and have been iden-
tified as restriction factors for human cytomegalovirus
that are targeted by the virus during infection.7,8

In contrast to diffuse nuclear L2 staining described in
these immunohistochemical studies of CIN, L2 targets to
discrete subnuclear domains when expressed to a high
level in cultured cells via plasmid transfection or infection
with recombinant Semliki Forest virus or vaccinia.9–11

However, recruitment to ND-10 was markedly less effi-
cient at lower expression levels and in cell lines stably
transfected with L2 expression constructs, leading Kie-
back and Muller11 to suggest that association of L2 with
ND-10 might not be physiological. Indeed, although L2
was detected in small to large nuclear aggregates in the
granular layers of HPV16 organotypic rafts, none of these
L2-positive cells were positive for PML.12 Furthermore, L2
forms similar subnuclear aggregates in cells deficient for
PML and therefore lacking ND-10.13 However, a punctate
subnuclear pattern for a fraction of cells with low-level
HPV33 L2 expression has been described in CIN lesions,
and its co-localization with SP100 is consistent with
ND-10.14,15

This punctate staining pattern of L2 on ectopic expres-
sion overlaps that of PML, a biomarker and critical scaf-
fold protein of ND-10.9 L2 staining is also co-incident
with or adjacent to other ND-10 constituents, Daxx and
PATZ.14,16 L2 co-immunoprecipitates with Daxx and
PATZ, but not PML.14,16 Ectopic expression of L2 also
causes SP100 to exit ND-10,14 whereas it recruits Hsc70
and PMSP from the cytoplasm to ND-10.15,16 When L1 or
E2 are expressed individually they distribute diffusely
within the nucleus, but co-expression of L2 with either L1
or E2 draws these viral antigens into ND-10.9 Although L2
expression induces significant reorganization of ND-10
domains in tissue culture, the existence and functional
significance of these phenomena in clinical lesions re-
main controversial.

We recently generated a monoclonal antibody, RG-1,
against HPV16 L2.17 Herein, we have further explored the
expression pattern of L2 and its relationship to ND-10
components in human papillomavirus (HPV)-related pre-
malignant or malignant lesions and HPV� organotypic
cultures using RG-1.

Materials and Methods

Cervical Tissue Specimen Selection and Cell
Lines

Studies on archived formalin-fixed, paraffin-embedded
cervical tissue specimens selected from cases between
1996 to 2006 in the Department of Pathology at The
Johns Hopkins Hospital were approved by the Johns
Hopkins University Institutional Review Board. A total of
231 cervical tissue specimens were selected from cervi-
cal biopsies, loop electrosurgical excision procedure
specimens, cone biopsies, and hysterectomies, with

pathological diagnoses of CIN grades 1, 2, or 3 (n � 27);
squamous cell carcinoma (n � 102); adenocarcinoma
(n � 51); and adenosquamous carcinoma (n � 6).
Twenty cases of normal cervical tissue specimens were
selected from patients undergoing hysterectomy for be-
nign conditions, without a history of CIN or abnormal Pap
results. One pathologist (Z.L.) reviewed all of the slides
for all cases independently to confirm the diagnoses. All
CIN cases were additionally reviewed by two patholo-
gists (A.V.Y. and B.M.R.) at a multiheaded microscope
to establish a consensus diagnosis for these specimens
(discrepancies relative to the original diagnoses were
resolved by the majority interpretation for each case).
HeLa (HPV18-positive), SiHa (HPV16-positive), CaSki
(HPV16-positive), ME180 (HPV68-positive), and C33A
(HPV-negative) cell lines were obtained from the Ameri-
can Type Culture Collection, Manassas, VA, and cultured
in Dulbecco’s modified Eagle’s medium with 10% fetal
bovine serum, 100 U/ml penicillin, and streptomycin.

Organotypic Raft Culture

Primary human foreskin keratinocytes were isolated from
neonate circumcision specimens as described previ-
ously.19 Keratinocytes were grown in 154 medium (Cas-
cade Biologics, Inc., Portland, OR) supplemented with a
human keratinocyte growth supplement kit (Cascade Bio-
logics, Inc.). Keratinocyte lines stably maintaining HPV16
or HPV18 DNA after electroporation were grown in mono-
layer culture using E medium in the presence of mitomy-
cin C-treated J2 3T3 feeder cells as described by Meyers
and colleagues.18–20

Immunofluorescence in L2-Transfected HeLa
Cells and Raft Culture Frozen Sections

HeLa cells were seeded onto glass coverslips in six-well
plates at a density of 1 � 105 per well. L2 plasmid was
transfected to HeLa cells by using lipofectamine accord-
ing to the manufacturers’ recommendations (Invitrogen,
Carlsbad, CA). RG-1 (mouse monoclonal generated
against HPV16 L217), rabbit polyclonal antibodies PML
(1:50, H-238; Santa Cruz Biotechnology, Santa Cruz, CA)
and Daxx (1:50, M112; Santa Cruz Biotechnology) were
detected using immunofluorescence staining. Cells were
fixed with methanol at �20°C for 5 minutes, rehydrated in
phosphate-buffered saline (PBS) for 20 minutes, and then
blocked in 5% bovine serum albumin-PBST (0.1%
Tween-20 in PBS) blocking buffer. Cells were incubated
with the primary antibodies diluted in the blocking buffer
in the humid chamber for 1 hour at room temperature and
then washed three times with PBS. The secondary anti-
bodies of Texas Red-labeled anti-rabbit IgG (H�L) (1:
500; Vector Laboratories, Inc., Burlingame, CA) and flu-
orescein-labeled anti-mouse IgG (H�L) (1:500, Vector
Laboratories, Inc.) were incubated for 30 minutes at room
temperature followed by three PBS washes. The glass
slides were mounted with ProLong Gold antifade reagent
with 4,6-diamidino-2-phenylindole (DAPI) (Invitrogen, Eu-
gene, OR). Images were collected using a TE-2000 mi-
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croscope (Nikon, Tokyo Japan) or an Axiophot confocal
microscope (Zeiss, Thornwood, NY). Raft culture frozen
sections were fixed in methanol for 5 minutes at �20°C,
blocked using 8% bovine serum albumin for 1 hour at
room temperature, and then incubated with the primary
antibodies for 1 hour at room temperature. The second-
ary antibodies of Texas Red-labeled anti-rabbit IgG
(H�L) (1:500, Vector Laboratories, Inc.) and fluorescein-
labeled anti-mouse IgG (H�L) (1:500, Vector Laborato-
ries, Inc.) were incubated for 30 minutes at room temper-
ature followed by three PBS washes, and mounted with
DAPI. Images were collected as above.

Immunohistochemistry for L2 in Paraffin-
Embedded Tissues and Frozen Sections

For an immunohistochemical study with the DAKO LSAB
kit (DAKO A/S, Glostrup, Denmark), 4-�m-thick tissue
sections were deparaffinized, rehydrated, and incubated
with 3% H2O2 in methanol for 10 minutes at room tem-
perature to eliminate endogenous peroxidase activity.
The antigen was retrieved at 95°C for 20 minutes by
placing the slides in 0.01 mol/L sodium citrate buffer (pH
6.0). The slides were then blocked by 2% bovine serum
albumin followed by incubating with primary monoclonal
anti-L2 RG-1 hybridoma supernatant at 4°C for overnight.
After washing and incubation at room temperature for 30
minutes with biotinylated secondary antibody, the slides
were incubated with streptavidin-peroxidase complex at
room temperature for 30 minutes. Immunostaining was
developed by using chromogen, 3,3�-diaminobenzidine,
and counterstained with Mayer’s hematoxylin. The immu-
nostaining was considered positive if the positive signals
were located in the nucleus. For the HPV16- and HPV18-
transduced raft cultures, frozen sections, 6 �m thick,
were air-dried at room temperature for 5 minutes, and
fixed in methanol for 5 minutes at �20°C, washed with
PBS, and blocked with 5% bovine serum albumin. After
incubating with the primary antibodies for 1 hour at room
temperature, the same procedures as described above
were performed.

Western Blot

Cells (2 � 106) of the cultured cervical cancer cells were
harvested 24 hours after transfection with expression
vectors for L2 of HPV5, HPV6, HPV11, HPV16, HPV18,
HPV31, HPV45, HPV52, and HPV58, washed in cold PBS,
and lysed in RIPA lysis buffer (Upstate, Temecula, CA).
Proteins were separated on a sodium dodecyl sulfate-
polyacrylamide gel and transferred to a nitrocellulose
membrane by a Bio-Rad (Hercules, CA) Western kit.
Equal loading of protein was checked by Ponceau-S
staining of the nitrocellulose membrane. Western blotting
was performed using 5% skim milk in PBS as the blocking
agent and RG-1 or rabbit antiserum to HPV16 L2 full-
length protein as primary antibodies. Secondary antibody
conjugated with horseradish peroxidase was purchased
from Sigma St. Louis, MO. The LumiGLO chemilumines-

cent substrate system (KPL, Gaithersburg, MD) was used
for detecting the chemiluminescence.

HPV Polymerase Chain Reaction (PCR) on
Cervical Tissue Specimens

DNA was isolated from two 5-�m paraffin-embedded
tissue sections after octane deparaffinization. Tissues
were incubated in 400 �g of proteinase K and detergent
at 65°C until digestion was complete as previously de-
scribed.41 DNA was purified after phenol-chloroform ex-
traction and ethanol precipitation and resuspended in
Tris-ethylenediaminetetraacetic acid. To determine the
presence of either HPV16 or HPV18 sequences, purified
DNA was amplified using HPV16- and HPV18-specific
TaqMan quantitative PCR assays.42

Results

We initially sought to confirm the specificity of the RG-1
monoclonal antibody by Western blot and immunofluo-
rescent staining. SiHa and HeLa cells contain HPV16 and
HPV18 DNA, respectively, that is integrated such that the
L2 gene is interrupted. No L2 was detected in SiHa or
HeLa cells by immunoblot or immunofluorescent staining
with RG-1. Likewise, no L2 expression was detected with
RG-1 in the cervical cancer cell lines CaSki, ME180, and
C33A. Strong expression of L2 was detected by immu-
noblot and immunofluorescent staining with RG-1 when
HeLa cells were transduced with HPV16 or HPV18
codon-modified L2 expression constructs. RG-1 did not
react with HeLa cells at 24 hours after transfection with
codon-modified expression constructs for HPV5, HPV6,
HPV11, HPV31, HPV45, HPV52, or HPV58 L2, although
expression of each L2 was confirmed using a polyclonal
rabbit antiserum raised against full-length HPV16 L2 (not
shown).

The localization of L2 and PML was examined in HeLa
cells at 24 hours after transfection with HPV16 L2 expres-
sion constructs and co-immunofluorescent staining with
RG-1 and PML-specific rabbit antiserum. All cells exhib-
ited punctate PML staining within the nucleus, and L2
was detected in a subset of cells (Figure 1, A and B).
Consistent with previous studies, L2 staining occurred
adjacent and/or co-incident with the PML staining, par-
ticularly in cells expressing high levels of L2. Similar
studies using rabbit antiserum to hDaxx revealed punc-
tate nuclear staining that was coincident or adjacent to L2
in a subset of L2-transfected cells (Figure 1C).

Organotypic raft cultures are permissive for the full life
cycle of papillomaviruses, including HPV1618,19 and
HPV18.20 To address the localization of L2 and PML in
productive HPVs, an organotypic raft culture comprising
human keratinocytes was transduced with HPV16 (114/K
isolate).19 The raft was morphologically consistent with
CIN1 (Figure 2A). Expression of L2 in occasional cells in
the upper layers of the epithelium was confirmed by
immunohistochemical staining (not shown). However, ex-
pression of L2 was sporadic, which is consistent with the

138 Lin et al
AJP January 2009, Vol. 174, No. 1



low level of virus production in raft cultures for HPV16.19

Immunofluorescent staining of this raft was performed
with RG-1- and PML-specific antiserum (Figure 2B).
Punctate PML-specific staining was detected in the lower
layers of the epithelium, within the DNA signal defined by
DAPI staining. A greater number of ND-10s were ob-
served within the nuclei of the lower layers within intact
nuclear structure as compared to the vacuolated nuclei in
the upper layers seen with DAPI stain. Conversely, RG-1
staining of L2 was primarily in the upper layers of the
epithelium within a nuclear pattern. However, DNA stain-
ing was not detected with L2 suggesting almost complete
nuclear disruption.

The failure to detect co-localization of L2 and PML in
ND-10 might reflect the use of poorly productive/differ-
entiated raft cultures rather than true lesions, the partic-
ular HPV type, an insufficiently sensitive L2 antibody pos-
sibly targeting a blocked epitope, a poor PML-specific
antibody, or masking of weak signal by tissue autofluo-
rescence in the red channel. Therefore, we performed
immunofluorescent staining of L2 and PML in frozen sec-
tions of a florid HPV6-positive condyloma using poly-

Figure 1. Subnuclear localization of L2 on ectopic expression. A: The local-
ization of L2 and PML was examined in HeLa cells at 24 hours after trans-
fection with a HPV16 L2 expression construct and co-immunofluorescent
staining with RG-1 and PML-specific rabbit antiserum and with DAPI (blue).
The cells were imaged by fluorescence microscopy in individual channels
(A1, DNA in blue; A2, RG-1 staining for L2 in green; A3, PML staining in red;
and A4, merge of all three channels). B: As above, but cells expressing a very
high level of L2 were selected and viewed at a higher magnification. Note that
high levels of L2 build up adjacent to ND-10. C: HeLa cells at 24 hours after
transfection with a HPV16 L2 expression construct and co-immunofluores-
cent staining with RG-1 (green), hDaxx-specific rabbit antiserum, and DAPI,
and then imaged by fluorescence microscopy (C1, cellular DNA in blue; C2,
RG-1 staining for L2 in green; C3, hDaxx staining in red; and C4, merge of all
three channels). Original magnifications: �400 (A, C); �600 (B).

Figure 2. Expression pattern of L2 and PML in HPV16-transduced organo-
typic raft cultures. A: H&E stain of a paraffin-embedded HPV16-transduced
organotypic raft culture. B: The localization of L2 and PML was examined in
a HPV16-transduced organotypic raft culture by co-immunofluorescent stain-
ing with RG-1 (green) and PML-specific rabbit antiserum (red). The cellular
DNA was stained with DAPI (blue) and the cells imaged by fluorescence
microscopy. Original magnifications: �100 (A); �400 (B).
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clonal antiserum to full-length HPV6 L2 and the monoclo-
nal antibody PG-M3 to residues 37 to 51 of human PML
(Figure 3). Consistent with the pattern obtained in HPV16-
transduced raft cultures, HPV6 L2 was confined to spo-
radic nuclei in the uppermost layers of the condylomata
acuminatum. Again, PML staining was predominantly in
the lower layers, with the greatest frequency of ND-10 per
nucleus apparent in the basal layer, and a somewhat
lower number in the stratum spinosum. Occasionally,
some of the nuclear L2 staining was punctate, but again
significant overlap with PML was not observed.

It is possible that detection of L2 in ND-10 requires
different fixation techniques or is associated with a par-
ticular grade of HPV disease. To examine the subnuclear
L2 expression patterns in a broader spectrum of lesions,
we optimized the RG-1 immunohistochemical staining of
tissue specimens fixed in formalin and embedded in
paraffin (Figure 4). To validate the specificity of the stain-
ing, a spectrum of 27 cervical and vulvar lesions were
selected for HPV genotyping. DNA was prepared from
two sections of each tissue specimen for Q-PCR analysis
for HPV16 or HPV18 genomic DNA in separate type-
specific assays.

RG-1 reacted with eight of nine CIN1, none of three
CIN2, none of five CIN3, and none of two VIN3 lesions
that contained detectable levels of HPV16 or HPV18 DNA
by Q-PCR analysis, and failed to stain any of 20 examples

of normal cervical epithelium (Table 1 and Figure 4, A–E).
RG-1 staining was detected focally in the upper layers of
CIN1 lesions and the immunohistochemical staining was
diffuse in the great majority of nuclei (Figure 4, B and C).
No pattern of staining consistent with localization in
ND-10 was observed even in the less intensely stained
nuclei in the intermediate epithelial layers (Figure 4, B
and C). This suggests that L2 expression is detected in
productive lesions, a situation associated with high copy
numbers of HPV genome. Indeed, the copy number of
HPV16 or HPV18 DNA was significantly higher in RG-1-
reactive, as opposed to nonreactive, but HPV16- or
HPV18-induced lesions (P � 0.04, Mann-Whitney; Figure
5). Five cases of CIN1, in which neither HPV16 nor HPV18
were detected by Q-PCR, stained with RG-1. Our data
indicate that RG-1 does not react with L2 of HPV types
other than HPV16 or HPV18, leading us to suggest that
this reflects the difficulty in amplifying HPV DNA from
older archival paraffin-embedded formalin-fixed tissue
specimens.

HPV16 and HPV18 account for at least 70% of cervical
cancer cases worldwide, but expression of L2 in cervical
cancer has not been thoroughly examined. No L2 was
detected in four cervical squamous cell carcinoma spec-
imens containing either HPV16 or HPV18 DNA suggest-
ing that like L1, L2 is not expressed in cervical cancer
(Figure 4F). To ensure that L2 expression is not encoun-
tered in only a subset of cervical squamous cell carcino-
mas, or a different subtype of cervical carcinoma, we
immunostained 102 squamous cell carcinomas, 51 ade-
nocarcinomas, and 6 adenosquamous carcinomas in tis-
sue microarrays with RG-1 antibody. None of these 159
carcinoma samples reacted with RG-1 (Table 1).

Discussion

A number of DNA viruses, including HSV-1, CMV, and
adenovirus disrupt ND-10 by targeting of PML with viral
proteins.7,21,22 The prevention of ND-10 disruption by
targeting these viral proteins restricts viral replication,
leading to the suggestion that ND-10 functions as a com-
ponent of intrinsic immunity.7,8 Consistent with this no-
tion, expression of many components of ND-10 is in-
duced by interferon.23 Here we observe that the ND-10s
appear to be reduced in number and/or disintegrate in
the upper layers of the epithelium, as compared to the
basal cells. L2 is expressed only in the very uppermost
layers of the epithelium, and it is thus tempting to spec-
ulate that this spacio-temporal regulation of L2 expres-
sion reflects an evasion of intrinsic immunity that is not
available in cultured cell lines (with the exception of or-
ganotypic raft cultures18).

The absence of L2 expression from infected basal
cells is also consistent with the failure of most L2 vac-
cines to trigger lesion regression in either animal mod-
els24,25 or patients.26–28 However, vaccination of cattle
with BPV2 L2 did result in a reduction in the duration of
warts.29 This may reflect a reduction in the viral inoculum
via induction of neutralizing antibodies, or perhaps the
regulation of L2 expression is not as tight in BPV2 as

Figure 3. Expression pattern of HPV6 L2 and PML in condyloma. Immuno-
fluorescent staining of L2 and PML in a frozen section of a florid HPV6-
positive condyloma using rabbit antiserum to full-length HPV6 L2 (green)
and the monoclonal antibody PG-M3 specific to residues 37 to 51 of human
PML (red). The section was imaged by fluorescence microscopy. Original
magnification: �400.
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compared to HPV-induced papillomas and a BPV2 L2-
specific cellular immune response can facilitate clear-
ance of bovine papillomas.

Although a role of ND-10 in intrinsic immunity is an
attractive hypothesis, ND-10 might also facilitate replica-
tion of viruses. HSV-1, CMV, and adenoviruses dump
their genomes at ND-10 during initial infection, and then
early transcription and replication occurs in their vicin-
ity.30 –32 Unwound and actively replicating polyomavi-

ruses SV40 and BK genomes also sequester to
ND-10.33,34 Large T antigen does not localize in ND-10 in
the absence of viral origin, and SV40 replication and
transcription does not appear to require localization at
ND-10. However, knockdown of PML prevents the recruit-
ment of single-stranded SV40 genome to ND-10, sugges-
tive of a role in postreplication DNA processing.34 The
papillomavirus replication proteins E1 and E2 do not
co-localize with PML when expressed in the absence of

Figure 4. RG-1 immunohistochemistry in normal cervical squamous epithelium and the spectrum of HPV-related cervical lesions. A: Normal cervical epithelium
lacks expression of L2. Low-grade CIN lesions display a focal pattern of diffuse nuclear expression of L2 in cells in the superficial layers, exemplified by a HPV16�

CIN1 (B) and a HPV18� CIN1 (C). In contrast, both high-grade CIN lesions and carcinomas, exemplified by a HPV16� CIN2 (D) a HPV16� CIN3 (E), and
a HPV16� squamous cell carcinoma (F), lack reactivity with RG-1. Original magnifications: �100 (A, D–F); �40 (B); �200 (C).
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the viral origin.9,35 However, E1 and E2 co-expressed in
C33A cells harboring a plasmid with a HPV origin of
replication do indeed co-localize with PML.35 Further-
more, they co-localize with RP-A and BrdU staining indi-
cating active sites of replication.35 However, for papillo-
mavirus, neither the E2-dependent transcription nor viral
DNA replication is reliant on the presence of PML.12

Notably, during initial papillomavirus infection, it is L2,
not L1, that accompanies the viral genome into the nu-
cleus and trafficks to ND-10.36 Infection of cells lacking
PML, and therefore presumably ND-10, is an order of
magnitude less efficient, suggesting that the targeting of
the viral genome to ND-10 may facilitate the early events
of viral infection, possibly early transcription or the initial
burst of viral replication.36 We observed that ND-10s are
present in high numbers per nucleus in basal epithelial
cells. Nakahara and colleagues12 describe that in NIKS
cells and raft cultures the number of ND-10s per nucleus
is increased approximately twofold in the presence of
HPV genomes selectively within the poorly differentiated
layers, and that this increase in ND-10s is coincident with
increased abundance of posttranslationally modified
PML protein. It is of interest to determine whether this
increased number of ND-10s per nucleus might facilitate
the infection of basal cells by HPV, as opposed to kera-
tinocytes in the upper layers.

L2 also draws E2 and L1 into ND-10 (although PML is
not required for L1-L2 co-assembly into particles13), and
it has been suggested that vegetative viral replication
and capsid proteins are concentrated on or in ND-10 to
drive virion assembly by concentrating the components.9

Indeed, L2 expression was detected in lesions with high-
viral copy numbers. Nevertheless we failed to find clear
evidence of the accumulation of L2 at ND-10 in produc-
tive HPV lesions, or even ND-10 in the uppermost layers
of the lesions. This suggests that virion assembly in situ
may be independent of ND-10.

ND-10s have been suggested as a nuclear dump for
overexpressed and/or misfolded proteins, including L2.11

L2 targets to discrete subnuclear domains most effi-
ciently when expressed to a high level in cultured cells
via plasmid transfection or as transgenes in recombinant
viruses,9–11 whereas recruitment to ND-10 is inefficient at
lower L2 expression levels in stably transduced cell
lines.11 Thus, Kieback and Müller11 suggested that asso-

ciation of L2 with ND-10 is nonphysiological, and our
failure to detect L2 in ND-10 in natural lesions is consis-
tent with this suggestion. However, it remains possible
that virion assembly at ND-10 is masked in clinical lesions
and might also reflect the greater technical difficulties of
immunofluorescent staining studies in tissue sections as
compared to cultured cells. It is also likely that the asso-
ciation of the virion components with ND-10 is transient.
Virions assemble in crystalline arrays or aggregates,
which may resemble nuclear bodies by immunofluores-
cence.37 Such agglomerations of assembled virions,
when immunostained with L2 antibodies, would not nec-
essarily co-localize with ND-10 since the assembly pro-
cess is complete. Furthermore, our study does not ad-
dress a role for ND-10 in initial infection or replication
and/or transcription of the viral genome.36

In contrast to a previous study,2 L2 expression was not
detected in high-grade CIN (CIN2/3) lesions. Similarly, L1
protein expression has also been detected in high-grade
CIN, albeit infrequently and only in the uppermost layers
of the lesion. These differences may reflect the relatively
small size of each study and possible differences in
histopathological classification of lesions (the latter most
likely attributable to difficulty in classification of a subset
of lesions as CIN1 versus CIN2, attributable to the estab-
lished low level of interobserver reproducibility for CIN2
diagnoses38,39). Like L1 and L2, E4 expression is also
reduced in high-grade CIN, as compared to low-grade
CIN.40 Further study of late gene expression and organi-
zation in the HPV productive cycle and an analysis of its
prognostic value are warranted.
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Figure 5. Comparison of HPV16/18 copy number/cell genome equivalent
and RG-1 immunohistochemical staining in cervical lesions. HPV16 or HPV18
infected lesions (nine low-grade and eight high-grade CIN, and four SCC)
that express L2 exhibit a higher copy number per cell than lesions that fail to
stain with RG-1 (P � 0.04, Mann-Whitney).

Table 1. Immunohistochemistry for RG-1 in Cervical Lesions

Diagnosis
Total
cases

Number of
positive cases

Percent of
cases positive

Normal cervix 20 0 0
CIN1 (HPV16/18�) 9 8 89
CIN2 (HPV16/18�) 3 0* 0
CIN3 (HPV16/18�) 5 0 0
Squamous cell

carcinoma
102 0 0

Adenocarcinoma 51 0 0
Adenosquamous

carcinoma
6 0 0

Lesions were not HPV typed except as indicated.
*Two of the three CIN2 lesions contained RG-1-reactive areas of

CIN1.
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