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Long noncoding RNAs (lncRNAs) are noncoding
RNAs that are ≥200 nucleotides in size and may
function in diverse biological processes (1).
Although the human genome may encode up to
∼100,000 lncRNAs, most lncRNAs are at low abun-
dance and it is hard to tell their real function.
However, a subset of highly expressed lncRNAs are
regulatory RNAs with profound functions in the
regulation of gene transcription, paraspeckle for-
mation, RNA splicing, messenger RNA (mRNA) sta-
bility, and protein degradation (1–3). Most lncRNAs
are transcribed by RNA polymerase II and their
expression is regulated at both transcription and
RNA processing levels (1) and by various virus infec-
tions (4, 5). In PNAS, Yang et al. (6) explore the
expression profile of cellular lncRNAs in the pres-
ence of the histone deacetylase inhibitor Trichosta-
tin A and identify a ∼2-kb-long nuclear lncRNA,
ENSG00000273148 or LINC00653, highly expressed
from chr20 in p53-null, non–small-cell lung cancer cell
line NCI-H1299 cells. Yang et al. (6) show that it regu-
lates lysosomal-associated protein transmembrane 5
(LAPTM5) expression and lysosome cell death (LCD);
the authors thus name this lncRNA an LCD regulator,
or LCDR.

Lysosomes are small cytoplasmic and acidic
membrane-bound organelles and contain over 50
hydrolytic enzymes (7) for the digestion of various
extra- and intracellular materials to maintain cell
homeostasis and destroy invading pathogens.
Among ∼25 integral lysosomal membrane proteins
(8), LAPTM5, which was thought to be specifically
expressed in hematopoietic cells (9) to maintain
lysosome membrane integrity (8), is also highly
expressed in human bladder cancer tissues. Knock-
down (KD) of LAPTM5 expression in bladder cancer
cell lines T24 and 5637 inhibits cell proliferation and
colony formation (10), but the mechanism of
LAPTM5 in relation to cell growth function remains
unknown. Thus, Yang et al. (6) move one step closer
to understanding how LAPTM5 promotes lysosomal

membrane integrity and contributes to cancer cell
survival, a finding that links LCDR and LAPTM5 as
responsible for cytoplasmic lysosomal biogenesis
and function.

LAPTM5 complementary DNA (cDNA) was
cloned in 1996 (9). The LAPTM5 gene on chr1p34
encodes a pre-mRNA containing eight exons, which
is processed by nuclear RNA splicing to produce a
∼2.6-kb mRNA and, after RNA export, encode a
∼29-kDa LAPTM5 protein preferentially localized to
the lysosome membrane (9, 11) along with other
lysosomal proteins, such as LAMP1/2 (8) (Fig. 1).
Yang et al. (6) show that among six lysosomal pro-
teins (ACP2, ARSB, ASAH1, GLB1, HGSNAT, and
LAPTM5) susceptible to up-regulation by both LCDR
and heterogenous nuclear ribonucleoprotein K
(hnRNPK), short interfering RNA (siRNA)–mediated
reduction of LAPTM5 expression turned out to be
the only one causing lysosomal membrane permea-
bilization (LMP), cell apoptosis, and decreased cell
proliferation and colony formation (6). Although all
of these results are consistent with the data by KD of
LCDR or hnRNPK expression to reduce LAPTM5
expression in NCI-H1299 cells, the observed
LAPTM5 function in the regulation of the pro-
grammed cell death that was unrelated to other
apoptosis-causing genes in Yang et al. (6) is interest-
ing. But the data appear to contradict studies where
overexpression of LAPTM5 in neuroblastoma cells
was found to cause LMP and nonapoptotic cell
death (12) and in HeLa cells to induce cleavage of
Mcl-1, Bid, caspases, and PARP, leading to
mitochondria-dependent apoptosis (13). How
LAPTM5 both at an increased or decreased level
induces cell apoptosis and cell death in a cell-
type–dependent manner remains unknown. Obvi-
ously, this contradictory, but interesting, result and
some fundamental questions need to be carefully
investigated.

In the investigation of how nuclear LCDR func-
tions in NCI-H1299 cells to maintain LAPTM5
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expression, lysosome membrane integrity, cell proliferation, col-
ony formation, and xenograft tumorigenesis, Yang et al. (6)
identify a multifunctional RNA-binding protein (RBP), hnRNPK
(14), which specifically interacts with both LCDR and LAPTM5
RNA transcripts. As an abundant nuclear RBP, hnRNPK, like
other hnRNPs, plays many roles in RNA transcription, splicing,
stability, transport, and translation despite the fact that each
hnRNP may have a distinct set of RNA targets to specify its
biological function (14, 15). hnRNPK contains four RNA bind-
ing domains, three K-Homology (KH) domains, and an
arginine–glycine (RGG)-rich domain, for interaction with an
RNA single-stranded poly(C) region (16). Yang et al. reveal that
the 50 end of LCDR bears a poly(C) site to bind the KH1
domain of hnRNPK and the 30 end of LAPTM5 RNA has a
poly(C) site to bind the KH3 domain of hnRNPK. Although
hnRNPK binding to the LAPTM5 RNA could stabilize nuclear
LAPTM5 RNA and enhance expression of LAPTM5 protein,
Yang et al. find that hnRNPK binding to LCDR RNA does not
affect LCDR expression, nor does KD of LCDR expression
affect the hnRNPK level. However, LCDR expression was found
to be essential for LAPTM5 protein expression, possibly by
enhancing hnRNPK interaction with LAPTM5 RNA (Fig. 1).
Thereby, KD expression of LCDR in the NCI-H1299 cells, as
seen for KD hnRNPK, led to the instability of LAPTM5 RNA,
reduction of the LAPTM5 protein level, and an increase of LMP
and LCD (6). These groundbreaking observations clearly point
out that hnRNPK serves as a mediator to guide LCDR in

interaction with and stabilization of LAPTM5 RNA, although
further mechanistic studies are needed.

Given that LCDR, hnRNPK, and LAPTM5 all highly express in
lung cancer tissues and reduction of the expression of any one
of the three leads to LMP and LCD, Yang et al. (6) establish a
lung cancer patient–derived xenograft (PDX) mouse model and
examine nuclear targeting nanoparticle (NT-NP)–mediated
intravenous delivery of LCDR-specific siRNAs (NT-NPs si-LCDR)
for treatment of PDX mouse tumor. The treatment regimen was
1 nmol NT-NPs si-LCDR per injection per mouse every 2 d for
three consecutive doses. The primary data from this biomarker-
targeted therapy were astonishing by 18 d after PDX. The
authors show that the intravenously injected NT-NPs si-LCDR,
which was preferentially accumulated in tumor tissues, strongly
inhibited tumor growth in all five PDX mice with remarkably
reduced expression of LCDR and LAPTM5 and a significantly
increased level of cleaved caspase 3 in the tumor tissues, when
compared with the mice receiving phosphate-buffered saline or
control NT-NPs treatment. Despite recent application of PD-1/
PD-L1 inhibitors to improve the efficiency of the treatment of
lung cancer (17), Yang et al.’s NT-NPs si-LCDR approach and
the promising results from their lung cancer PDX mouse tumor
model highlight an important step in the development of a
biomarker-targeted therapy and set forth further preclinical and
clinical trials for possible treatment of human cancer.

With the recent focus on lncRNAs and lncRNA functions,
Yang et al. (6) present a series of attractive results of this nuclear

Fig. 1. LCDR lncRNA promotes LAPTM5 expression by stabilizing nuclear LAPTM5 RNA through hnRNPK. LAPTM5 protein facilitates lysoso-
mal membrane integrity and thus prevents LMP, which can be triggered by different inducers. Reduction of LAPTM5 expression leads to dam-
age of the lysosome membrane and thus LMP to the release of cathepsins B and D and other hydrolases to the cytosol, causing lysosome-
dependent cell death. Released cathepsins also cause other types of cell death, including caspase-dependent apoptosis by promoting mito-
chondrial outer membrane permeabilization and release of cytochrome c to activate programmed cell death by activated caspases (19, 20).
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lncRNA LCDR in the regulation of lysosomal membrane integrity
and cancer cell survival. It would be timely to understand in
more detail the described LCDR/hnRNP K/LAPTM5 axis in cell
biology and carcinogenesis. As an abundant nuclear lncRNA,
LCDR must be multifunctional, hnRNPK must not be the only
RBP to LCDR, and LAPTM5 must not be the only target of
LCDR. How to prioritize each of the remaining questions will be
challenging to address. Whether LCDR can be developed as a
predictive biomarker for cancer diagnosis and targeted cancer
therapy will be an ultimate goal long to reach. Together with a

recent report on LAPTM5 restriction of HIV infection in mac-
rophages (18), the paradigm-shifting findings by Yang et al.
provide an excellent example bridging a nuclear lncRNA to
cytoplasmic control of lysosome integrity and metabolism for
cell homeostasis and antipathogen defense, a next frontier
for the lncRNA field.
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