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Abstract

The perinucleolar compartment (PNC) is a nuclear substructure associated with, but structurally
distinct from, the nucleolus. The PNC contains several RNA processing proteins and several RNA
pol Il transcripts, which form novel complexes. As determined by cell culture experiments and
human tumor samples, the PNC forms exclusively in cancer cells and the percentage of cancer
cells in a population that have one or more PNCs directly correlates with the malignancy of that
population of cells. Therefore, the PNC is being developed as a prognostic marker for several
malignancies. PNC elimination in cancer cells has proven to be a useful as screening method to
discover probe compounds used to elucidate PNC biology and to discover compounds with the
potential to be developed as minimally toxic anti-cancer drugs.
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1 Introduction
1.1 Structure of the PNC

The perinucleolar compartment (PNC) is a nonmembrane bound nuclear substructure
associated with, but structurally distinct from, the nucleolus. The PNC is irregularly shaped
with dimensions ranging from 0.25 to 4 microns. Electron microscopy studies have revealed
the structure of the PNC consists of several 80-180 nm electron dense strands that form a
reticulated meshwork on the surface of the nucleolus [1, 2]]. The PNC persists through
interphase with limited movement, disassembles in pro-metaphase, and reassembles in late
telophase along with the biogenesis of nucleoli [1]. The PNC is generally heritable from
mother to daughter cells, which can be observed in newly divided daughter cells, which
often display PNCs that are mirror images (Fig. 1). PNC is a dynamic structure through
which some of the components shuttle in and out rapidly [[2], our unpublished data].
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1.2 Molecular Components of the PNC

Although the molecular composition of the structure is not fully elucidated, the PNC is
known to be enriched with several RNAs and RNA binding proteins. The PNC was initially
described during the characterization of the polypyrimidine tract-binding protein (PTB) [3],
which is a multi-functional RNA binding protein involved in pre-mRNA splicing, stability,
and translational regulation. Although PTB shuttles between the nucleus and the cytoplasm,
the protein is enriched primarily in the nucleoplasm and is highly concentrated in the PNC
when the structure is present (Fig. 1). Since the discovery of PTB localization to the PNC,
several other RNA binding proteins have also been found to be concentrated in the PNC.
They include CUG-BP [4], KSRP [5], Raverl [6], Raver2 [7], Rod1 [our unpublished data],
and nucleolin [our unpublished data]. The PTB-associated splicing factor (PSF) [8] and the
apobec editosome [9] may also localize to the PNC. All these proteins are implicated
primarily in the processing of pol 11 RNAs, with the exception of nucleolin. However, not all
pre-mRNA processing factors are enriched in the PNC nor are pol Il transcription factors
[our unpublished data]. Since PNC is physically associated with the nucleolus and can be
co-purified with nucleoli [our unpublished data], we examined the localization of several
nucleolar proteins to determine if they are in the PNC. Surprisingly, many nucleolar proteins
are not enriched in the PNC. These proteins include UBF, pol I subunits, SL1 components,
RRNS3, fibrillarin, and B23 [our unpublished data], all of which are either involved in pol |
transcription or pre-rRNA processing.

In addition to proteins, a set of small non-coding pol 111 RNAs have also been found
enriched in the PNC. They include MRP RNA [10], RNAse P RNA [10], hY RNAs (hY1, 2,
and 5) [10], Alu RNA [11], and SRP (7SL) RNA [11]. MRP and RNAse P RNAs are highly
conserved components of two different site specific endoribonucleases that are involved in
pre-rRNA processing [12]. hY is an abundant RNA species that associates with the Ro
protein, whose function remains unclear. SRP RNA is a transcript component of the signal
recognition particle which functions in trafficking nascent proteins containing the
endoplasmic reticulum (ER) signal and the associated ribosome to the ER [13]. Aluis a
relatively newly evolved RNA that is derived from 7SL RNA and also associates with the
signal recognition particle [14]. However, in situ hybridization to other pol 111 RNAs
including U6 [[10], our unpublished data], tRNA [our unpublished data], 7SK, and hY4 [10]
RNAs did not show localization of these RNAs in the PNC.

Therefore, the PNC is concentrated with RNA binding proteins that have been primarily
implicated in the metabolism of pol 11 RNAs and is also enriched with pol Il synthesized
small RNAs (Table 1). Our recent observations demonstrate novel interactions among the
PNC-associated RNA and the proteins [15]. The enrichment of the RNA and proteins in the
PNC does not appear to be simply due to overexpression of these components in PNC
containing cells, since overexpression of the protein components (PTB or CUG-BP) alone or
in concert with PNC-associated RNAs (such as MRP RNA and RNase P RNA) does not
induce the formation of the PNCs in primary or immortalized cells [our unpublished data].
The complete molecular composition of the PNC has not been fully resolved and the
interactions among the known PNC-associated components are just beginning to be
explored. This chapter will discuss the possible functions of the PNC in RNA metabolism

Cancer Treat Res. Author manuscript; available in PMC 2015 March 26.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Norton and Huang

Page 3

based on published and our unpublished data, the association of the PNC with the malignant
phenotype, and the potential utilization of the PNC as a prognostic and drug discovery
cancer marker.

2 The PNC and RNA Metabolism
2.1 The PNC is Likely Involved in RNA Processing

Although the precise function of the PNC is unknown, several lines of evidence have
suggested that it might be involved in RNA metabolism. First, RNase treatment
disassembles the PNC in unfixed permeabilized cells while DNase has no effect [1]. Second,
pulse labeling with Br-U shows enrichment of these nucleotides in the PNC after only 5
min, indicating that the PNC is enriched with newly transcribed RNAs [2]. The third piece
of evidence is the fact that all known protein components of the PNC are RNA binding
proteins involved in RNA processing. Finally, the RNA-binding capacity of PTB is required
for its localization to the PNC and PTB is essential for maintaining the integrity of the PNC
[1]. All these findings support a role for PNC in RNA metabolism.

2.2 PNC is Enriched with Pol Ill Transcripts, but not Pol | or Pol Il RNAs

To determine the origin of newly synthesized PNC-associated RNAs, we have performed
experiments that selectively inhibit pol I, Il, or 11 transcriptional activity. The initial
experiments using a low dose of actinomycin D (0.4 Ig/mL), which selectively inhibits pol |
transcription [20] caused elimination the PNC [2]. However, further experiments with
cycloheximide, which also selectively inhibits pol | transcription (5 h at 100 ug/ml) [21], did
not induce PNC disassembly nor did it affect the labeled nucleotide enrichment in the PNC.
Thus, the affect of actinomycin D on the PNC is likely due to an “off target” affect of the
drug, perhaps such as DNA intercalation, rather than pol | transcription inhibition. This is
further supported by the finding that neither 28S and 18S RNAs nor pre-rRNA processing
factors, such as fibrillarin, are detected in the PNC through in situ hybridization and
immunolabeling [[1, 10], our unpublished data]. Therefore, the source of these newly
synthesized PNC-associated RNAs is unlikely rRNA. It is also unlikely that the primary
source of PNC-localized RNA is from pol Il as the PNC is not sensitive to pol 1l
transcription inhibition by a-amanatin [2], nor is BrU incorporation into the PNC [our
unpublished data]. In addition, in situ hybridization to several pre-mRNAs did not show any
enrichment in the PNC [5], our unpublished data]; however, this does not exclude the
possibility that some pol Il transcripts might localize to the PNC.

The structural integrity of the PNC is dependent upon continuous pol I11 transcription.
Injection of tagetin, a specific pol Il inhibitor, into HeLa cells results in a disassembly of
the PNC within 2 h [11]. This finding suggests that the majority of PNC-associated RNASs
are of pol 111 origins and these RNASs are essential components of the PNC. Furthermore,
over expression of one PNC-associated RNA, MRP RNA, from a pol Il promoter followed
by injection of tagetin partially blocks the tagetin-induced PNC disassembly [11],
demonstrating that it is the RNA rather than activity of the polymerase that is important for
the integrity of the PNC. In addition, inhibition of pol Il transcription disassembles the PNC
within a short period of time but does not disrupt the localization of MRP RNA to its
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functional RNP within the nucleolus [11]. These findings, along with the observation that
none of the genes of known PNC-associated RNAs localize to the PNC [[10], our
unpublished data], demonstrates that the PNC rapidly recruits a subset of newly synthesized
pol 111 transcripts.

2.3 Novel RNP Associates with the PNC

Reciprocal precipitation experiments were used to analyze the in vivo interactions to
determine whether the pol 111 RNAs in the PNC interact with the RNA binding proteins
enriched in the PNC. MRP RNA pulled-down by a specific oligo or immunoprecipitation of
PTB or CUGBP by specific antibodies show a reciprocal co-precipitation between the RNA
and the RNA binding proteins [15]. Glycerol gradient analyses show that this complex is
large and sediments at a different fraction from known MRP RNA containing complexes,
the MRP RNP ribozyme, and hTERT. Tethering PNC components to a LacO locus recruits
other PNC components, further confirming the in vivo interactions. High-resolution
localization analyses demonstrate that MRP RNA, CUGBP, and PTB colocalize at the PNC
as a reticulated network [15]. These findings indicate that the pol 111 RNA containing
complexes in the PNC represent non-canonical interactions that may have novel roles in
their metabolism and in the PNC.

2.4 Potential Functions of the PNC

What might be the functional significance of the enrichment of newly synthesized RNA and
RNA binding proteins in the PNC? Several possibilities can be envisioned. Since PNC is not
the site of transcription for the known PNC-associated RNAs, one obvious possibility is that
the PNC may serve as an assembly site for the RNPs themselves. However, localization
studies of the subunits of MRP RNase, RNase P, and Ro RNP, whose RNA components are
associated with the PNC, show that neither the subunits nor functional RNPs localized to the
PNC [[10], our unpublished data], indicating that the PNC is not likely involved in the
canonical RNP assembly. These findings together with the fact that the PNC is highly
enriched with newly synthesized RNA suggest that the RNAs are concentrated in the PNC
prior to being assembled into mature or functional RNPs that are subsequently distributed to
the nucleolus or other cellular destinations. Since live cell analyses showed that PTB
shuttles in and out of PNCs rapidly [1], the association of these RNAs with the PNC is likely
to be dynamic rather than long-term storage or simple aggregation. All these findings lead to
a working model that the PNC is primarily involved in the metabolism of a subset of newly
synthesized pol 111 RNA transcripts in transformed cells.

There are several possibilities for the specific role for PNC in the metabolism of these
RNAs: (1) the PNC could be the site of RNA processing; (2) the RNAs could be sequestered
in the PNC prior to being assembled into functional complexes, which may serve as a
regulatory mechanism; (3) the PNC may act as the site of assembly for RNA export
complexes for the cytoplasmic translocation of some of the PNC-associated RNASs; or (4)
the PNC could also be the site for degradation of excess RNAs.

The PNC might be involved in the processing of the pol 111 PNC-associated transcripts;
however, the post-transcriptional processing of pol 111 RNAs is poorly understood, with the
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exception of tRNAs. La, an RNA binding protein, is the only protein shown to mediate
processing of newly made pol Il transcripts [22]. To determine whether PNC is involved in
La-mediated processes, the localization of La was evaluated through immunofluorescence
and expression of tagged La with GFP and T7 individually. La was not enriched in the PNC
when compared to the concentration of pol 111 RNAs in the structure [our unpublished data].
This finding suggests that the PNC is unlikely to be part of La-mediated pol 11l RNA
processing, but there is increasing evidence to support that the PNC contains novel RNA-
protein complexes [our unpublished data] that may be possibly involved in pol 111 RNA
processing. Localization, RNA pull-down, and immunoprecipitation experiments reveal that
the pol 111 RNAs and proteins primarily implicated in pol Il transcription, including PTB and
CUG-BP are co-enriched in the PNC and interact with each other in vivo. In addition,
dynamic studies in live cells show that these RNA binding proteins have much slower
dynamics in the PNC as compared to their counterparts in the nucleoplasm [our unpublished
data], which suggests altered function for these proteins when in the PNC. Further,
understanding of the novel RNP complexes associated with the PNC could help elucidate
the function of PNC and novel mechanisms of post-transcriptional metabolism of a subset of
pol Il transcripts.

The PNC may also serve as a regulatory depot that sequesters a subset of pol 111 RNAs and
regulates their functional availability. During transformation, there is an up-regulation of pol
I11 transcription [23]. As a large number of pol 11 transcripts are functional RNAs (for
example, the RNA components of RNase MRP, RNase P, sSnRNPs, and tRNA) the level of
these RNAs could significantly impact a broad spectrum of cellular activities. The up-
regulation of these RNAs during transformation may indeed reflect the increase demand for
these RNAs throughout the process. It is possible that the PNC participates in regulating the
post-transcriptional availability of these RNAs in transformed cells.

In addition, it is also possible that the PNC acts as the assembly site of RNA export
complexes for the cytoplasmic translocation of some of the PNC-associated RNAs. The
RNase MRP complex is known to be involved in mitochondrial DNA replication [24] and
Ro RNPs are predominantly localized to the cytoplasm [25] although their function remains
to be clarified. Treatment of cells with leptomycin B or ratjadone, which block the XPO1
mediated nuclear export of rRNA, some mRNAs, and several RNPs, effectively
disassembles the PNC [our unpublished data]. Since inhibition of pol 11 transcription dose
not eliminate PNCs [2], the disassembly of PNCs by leptomycin B and ratjadone is unlikely
due to the loss of protein synthesis from the block of mMRNA export. Therefore, the
requirement of XPO1 activity for PNC suggests that the PNC could play a role XPO1
mediated export.

Finally, the PNC could also be the site for degradation of excess RNAs. The over expression
of pol 111 transcription may trigger the RNA degradation machinery to eliminate the excess
amount the RNA. Evidence supporting a possible role of PNC in this function are the
following: two components of the PNC, CUG-BP, [26] and KSRP [27], are known to
promote the degradation of RNAs in addition to their roles in RNA processing. Second,
preliminary proteomic analyses suggest the presence of several other classes of RNA
degradation proteins in the PNC [our unpublished data]. To distinguish what role the PNC
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actually plays in RNA metabolism, parallel studies using different techniques are underway
to identify the molecular complexes that are associated with the PNC and to characterize
their functional interactions.

3 The PNC and Malignant Transformation

3.1 PNC Selectively Forms in Metastatic Solid Tumor Cells

3.1.1 In Vitro Studies—During the initial characterization of the PNC, it was observed
that PNC prevalence (% non-mitotic and non-apoptotic cells with one or more PNC) was
invariably low (< 5 %) in normal cell lines while heterogeneous, but much higher (15-95 %)
in transformed and cancerous cell lines [1]. Examination of many more (> 50) primary cells,
normal cell lines, and cancer cell lines has demonstrated the same trend. The PNC can form
not only in carcinomas, but also in sarcomas and blastomas; however, the PNC prevalence is
invariably low in hematological malignancies. The PNC is not prevalent in primary cells or
normal cell lines derived from stromal, endothelial, haematopoetic, or embryonic stem cell
origins [36]. These findings suggest that PNCs selectively form in cells from solid tumors.

3.1.2 In Vivo Studies—The increased PNC prevalence in transformed and cancerous cells
prompted examination of the PNC in vivo. Breast cancer has been used as a model system
since the disease progression and molecular basis of the disease have been extensively
characterized. Histological samples of normal breast tissue, primary tumors, affected lymph
nodes, and distant metastasis were immunolabeled with SH54, an antibody to PTB, via
microwave antigen retrieval protocol. For each sample, > 500 cells in the most active area
(with the highest histological grading) were scored for PNC prevalence. The results showed
that PNC prevalence is 0 % in normal breast tissue, but increases in the primary tumor along
with the progression of the disease from benign, to ductal carcinoma in situ, to affected
lymph nodes, and finally reaches near 100 % in distant metastasis. The PNC prevalence also
increases in a step wise fashion from the primary tumor, to the cancerous lymph node
lesions, to the distant metastasis. In addition, high PNC prevalence in primary tumors
positively correlates with disease relapse and inversely correlates with disease free and
overall survival in a retrospective 17 year follow-up study. A multivariate examination of
the data from this study showed that PNC prevalence provides additional prognostic
information for stage I, node negative patients [28]. More recently, we found similar
correlations between PNC prevalence and the disease progression in colon and ovarian
cancers [37]. Together with the findings that PNC forms in solid tumor cell lines derived
from a wide range of tissue types, PNC prevalence has the potential to be a useful pan-
cancer prognostic marker, making it the first marker of its kind.

3.2 The PNC and Metastatic Behavior

Results from the breast cancer study [28] showed that PNC prevalence increased with the
progression of the disease, ultimately reaching near 100 % in distant metastasis, suggesting
that PNC containing cells have a metastatic advantage over those lacking PNCs. High PNC
prevalence correlates with increased risk of relapse and decreased overall survival in breast
cancer patients, further supporting that the PNC marks the malignant (metastatic) breast
cancer cells.
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To empirically determine if PNC marks metastatic cells, the PC-3 series of cell lines, which
have varying levels of metastatic capacities as selected for in mouse models, were examined
for PNC prevalence. The PC-3 cell line was created from a human prostate carcinoma [29].
The PC-3 M cell line is a metastatic variant of PC-3 created by injecting PC-3 cells into a
nude mouse, allowing the cells to metastasize, and then resecting the metastatic cells for
culturing [30]. The PNC prevalence in PC-3 cells is 4 % and significantly increases to 85 %
in the meta-static variant PC-3M [36]. The PC-3 M cell line was further enriched for meta-
static cells by injecting them into the prostate of a nude mouse, allowing lymph node
metastasis, resecting the metastases and reinjecting the metastatic cells into the prostate of
another nude mouse. This process was iterated four times to obtain the highly metastatic
variant PC-3M LN4 [31], which has a PNC prevalence of 98 % and abnormally large PNCs
[our unpublished data]. Conversely, PC-3 M cells were used to create a cell line enriched
with nonmetastatic cells by resecting the primary prostate tumors, reinjecting into the
prostate of another nude mouse, and iterating this process four times [31]. This cell line,
PC-3 M Pro4, has a PNC prevalence of 71 %, most of which are atypically small and nearly
undetectable [36]. When the PNC prevalence is adjusted to the percentage of cells with
PNCs greater than 2.2 um, it correlates very closely with the metastatic behavior of these
cells. These observations in cells of the same origin, but of varying metastatic capacities,
further confirm that the presence of typical PNCs reflects the metastatic capability of cancer
cells. To evaluate the association of PNC prevalence with metastatic behavior in an
alternative system, PNC prevalence was examined in cell lines over expressing the breast
cancer related metastatic suppressor protein (BRMS). BRMS is a chromatin remodeling
protein that suppresses the ability of cells to proliferate at distant sites [32]. Stable over
expression in two breast cancer cell lines, MB-MDA-231 and MB-MDA-435, caused a great
decrease in metastasis formation compared to the parental cells when injected into a nude
mouse [32]. The PNC prevalence in the BRMS overexpressing cell lines is significantly
lower than in the parental cells [36] further confirming the association of the PNC with
metastatic cells.

3.3 PNC is not a Marker of Differentiation or Growth Rate

Although metastasis is a trait specific to cancer cells, some characteristics of cancer cells can
be shared by normal cells, including rapid proliferation, high glycolytic rate, and
undifferentiation. To determine whether the PNC prevalence also correlates with traits that
are shared by normal cells, the PNC prevalence was examined in several in vitro
experimental systems. The proliferation of MCF-10A (normal breast epithelium) cells is
over 5 times more rapid than the proliferation of MCF-7 (breast carcinoma) cells. However,
the PNC prevalence of the MCF-10A cells is about 7 times lower than the MCF-7 cells [36],
which dissociates PNC prevalence from proliferation. To further examine the relationship of
PNC prevalence and proliferation, HeLa cells were treated under normal serum or serum
starved conditions. The serum starved cells proliferated much slower than the cells grown
under normal conditions, but PNC prevalence remains the same under both conditions.
Thus, the PNC does not indicate rapid proliferation. In addition, peripheral blood
mononuclear cells (PBMCs) were treated with the antigen phytohemagglutinin (PHA),
which stimulates metabolism and proliferation of these cells. PBMCs have 0 % PNC, as
they are primary cells, and their PNC prevalence remains at 0 % even after 72 h treatment
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with PHA demonstrating that normal cells cannot form PNC simply by increasing
proliferation rate [our [36]], which further dissociates the PNC from proliferation. To
address whether the PNC is associated with a high rate of glycolysis, HeLa cells were grown
in a medium lacking glucose and pyruvate for 24 h, which significantly inhibits growth
when compared to cells grown in normal glucose conditions. PNC prevalence remains the
same in cells grown under both conditions, demonstrating that PNC does not correlate with a
high rate of glycolysis [our unpublished data] and further demonstrating that the PNC does
not associate with proliferation rate. Cancer cells are generally less differentiated than
normal somatic cells and an undifferentiated state is also characteristic of normal progenitor
cells. To determine whether PNC formation reflects an undifferentiated state, the PNC
prevalence was examined in human embryonic stem cells and the results show a 0 % PNC
prevalence. In addition, a blastoma cell line (NIE-115) and teratoma cell line (F9) that can
each be differentiated by specific chemical treatment [[34, 35] respectively] showed no
change in PNC prevalence after induced differentiation, demonstrating that PNC is not a
marker of an undifferentiated state [our unpublished data]. These observations together
show that PNC formation does not associate with cellular proliferation rate, glycolytic rate,
or the differentiation state, all of which are characteristics shared by normal and cancer cells.
Therefore, PNC prevalence selectively associates with the metastatic capability of cancer
cells.

3.4 Why does the PNC Form in Transformed Cells?

The unique association of the PNC with metastatic capable cancer cells from solid tumors
suggests that it forms due to cellular conditions specific to these cells. Two possible
mechanisms for PNC formation, which are not mutually exclusive, can be speculated. (1)
PNC formation could partially be due to increased need for metabolism or regulation of
PNC-associated components in cancer cells. Pol 111 transcription is significantly increased
during transformation [23], which may lead to an excess of RNP RNAs, allowing increased
interaction with the protein components of the PNC, leading to the nucleation of the PNC.
While the interactions between the protein and RNA components of the PNC have not yet
been fully characterized, initial studies suggest that several of the protein and RNA
components are in the same complex in vivo as determined by immunoprecipitation and
RNA pull-down experiments [[10], our unpublished data]. (2) Another possibility is that yet
to be identified factors in the PNC are altered at the level of expression or function
specifically in solid tumor cells, which nucleate the RNAs and RNA binding proteins in the
PNC. Formation of the PNC is likely a late event during malignant transformation (Fig. 2),
possibly as a result of the heterogeneous multi-step process of malignant transformation.
These steps can include: increased pol I11 transcription, altered molecular complex
expression levels or functions, and possibly alterations in expression or function of
unidentified PNC-nucleation factors. While PNC is most likely a result of an advanced
cellular transformation state, the PNC may also functionally promote or maintain malignant
phenotype through regulating the molecular complexes associated with the PNC. Studies are
currently underway to identify these molecular complexes, their functions in the PNC, and
how they impact malignant phenotype.
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4 Potential Utilization of the PNC

4.1 Prognostic Marker for Solid Tumors

Our findings in breast, ovary, and colon cancers, as well as cancer cell lines from multiple
tissue origins suggest that PNC is an ideal candidate to be a pan-cancer marker for solid
tumors. The PNC is a multi-component complex structure whose presence may reflect the
malignant behavior of cancer cells more comprehensively than molecular markers, since
malignancy is induced by complex and heterogeneous mechanisms among, and even with

in, tumors. In addition, PNC is selectively associated with metastasis without obvious links
to proliferation, glycolysis, or differentiation state. Such specific association with malignant
behavior makes the PNC a unique tumor marker that may more selectively represent the
malignant characteristics of cancer cells than other markers. Therefore, PNC prevalence can
be an ideal tumor marker that increases the accuracy of disease prognosis. There is still a
great need for selective and specific tumor markers to help make appropriate treatment
decisions for many cancer patients. For example, stage |, node negative breast cancer
patients often undergo adjuvant chemotherapy, which causes severe side effects and long-
term health problems. Yet, the majority of the patients will not have relapses even without
the chemotherapy. The lack of accurate prognostic markers that distinguish high risk from
low risk patients causes a large proportion of the patients to be over-treated. PNC prevalence
provides additional prognostic information for this group of patients than the existing
markers [28], demonstrating the potential for PNC prevalence to be developed into a useful
prognostic marker. Currently, histological PNC prevalence scoring in tissue samples is being
refined to make it a reproducible and reliable marker.

4.2 Anti-cancer Drug Discovery Marker

As the PNC marks metastatic cells in vitro and in vivo, PNC elimination could serve as a
surrogate marker that indicates changes in cancer cell behavior toward a more benign
phenotype (Fig. 2). This hypothesis rationalizes the use of PNC elimination as a drug
discovery marker with the goal of discovering broadly efficacious and selective anti-cancer
compounds. Since the PNC is unique to cancer cells and marks metastatic cells, it is
reasonable to expect discoveries of compounds that inhibit metastatic behavior of cancer
cells while minimally affecting normal cells. The findings from our lab that clinically used
cytotoxic cancer drugs and experimental cancer drugs are enriched with PNC reducing
compounds while random small molecule libraries are not [35], preliminarily validating that
PNC prevalence reduction is a sound screening strategy that should be pursued further [35].
Compounds that eliminate the PNC not only have potential to be developed into novel drugs
[38], but can also be used as chemical biology tools to help understand the biology driving
PNC formation, maintenance, and its function in malignant cells. Further elucidation of PNC
function will lead to a better understanding of novel biology underlying all solid tumor cells
and potentially provide novel targeted pan-cancer treatment strategies.
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Fig. 1.
The numbers and the position of the PNC in relation to the nucleolus are heritable to

daughter cells during cell division as shown by immunostaining. Labeling of PTB in two
newly divided daughter cells marks the PNCs (bright spots at the nucleolar periphery) and
nucleoplasm. Fibrillarin marks the nucleoli and DAPI marks the nucleoplasm. Overlay of
the PTB and fibrillarin signals shows the association of the PNC with the nucleolus. Scale
bar =10 um
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The PNC forms at a late stage in the multi-step process of malignant transformation and is
indicative of metastatic cells
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Table 1

RNA and protein components of the PNC

RNAs Proteins
MRP PTB
CUG-BP
Alu Raverl
Raver2
Rnase P Rod1
KSRP
hY (1,2,and 5) nucleolin
PSF
SRP (7SL) apobec
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Some of these components have previously been linked to cancer and metastasis. Alu RNAs have been shown to be over expressed in cancers but

no functional link has been established [15]. PTB is often up regulated in cancer cells [[16], our unpublished data], may support malignant

transformation [our unpublished data], and possibly promote metastasis in some cell types [[17], our unpublished data]. Nucleolin can also be
unregulated in cancer cells [18] and is involved in the production of MMP-9 [19], which promotes metastatic behavior. However, how these
components interact in the PNC and the function of the PNC in malignancy remains unclear
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