Expression of HuD (A Paraneoplastic Encephalomyelitis Antigen)

mRNA in Lung Cancer

HuD, one of the Hu antigens (HuD and HuC), was recognized in the sera of
small cell lung cancer (SCLC) patients with antibody-associated paraneoplastic
encephalomyelitis/peripheral sensory neuropathy (PEM/PSN). Three forms of
HuD mRNA, 197, 156, 110 nuclectides are made by alternative splicing at 868-
909 residues and an additional 3-splice site. To determine the diagnostic value
of the HuD expression for small cell lung cancer, we examined 4 SCLC cell
lines, 9 surgically resected SCLCs, and 12 surgically resected non-SCLCs using
the reverse transcriptase-polymerase chain reaction with the HuD-specific
primer pairs that spanned the putative alternative 3-splicing site and direct DNA
sequencing. None of the patients were associated with PEM/PSN. A single RNA
transcript (156 nucleotides) among three forms (110, 156, 197 nucleotides) of
the HuD gene was an alternatively spliced at 868-909 residues in SCLC cell
lines. Expression of the HuD gene was stronger in three classic cell lines, but
not in a variant cell line. Two of 9 SCLCs (22%) and 3 of 12 non-SCLCs (25%)
expressed only the major RNA transcript (156 nucleotides) of the HuD gene,
which was alternatively spliced in the same fashion as the cell line. These results
revealed that no aberrant alternative splicing occurred in SCLC not associated
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with PEM/PSN and the expression of HuD gene was not specific for a particular

histologic subtype of human lung cancer.
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INTRODUCTION

Paraneoplastic encephalomyelitis sensory neuropathy
(PEM/PSN) is one of the paraneoplastic neutological
syndromes associated with small cell lung cancer (SCLC)
and is charactetized by dementia, sensoty loss, and other
neurological disabilities (1~6). Patients with PEM/PSN
associated with SCLC hatbor a characteristic antibody
called anti-Hu in serum and CSF. The anti-Hu antibody,
however, can be detected at low titer in the serum of
about 15% of patients with SCLC not associated with
paraneoplastic syndrome (7). A higher titer appeats to be
consistently associated with neurologic dysfunction, but
the role of the antibody in the pathogenesis of the
paraneoplastic syndrome has not been established. Until
now less than 100 cases showing higher titer of serum
anti-Hu antibody associated with PEM/PSN have been
reported (1). Among them about 70% of patients ate
associated with SCLC (1, 2). The anti-Hu antibody reacts
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with a set of protein antigens (molecular weights 35~40
kd) expressed in neurons and SCLC cells (7). By immu-
nohistology and Western blotting, previous studies (3, 7,
8) demonstrated the specific expression of the Hu antigen
in all SCLCs, whether or not the tumor came from a
patient who made the antibody.

HuD, one of the Hu antigens (HuD and HuC),
recognized by the sera of patients with antibody-
associated paraneoplastic encephalomyelitis, has been
isolated by screening a cetebellar expression library (9).
Reverse transcriptase-polymerase chain reaction(RT-PCR)
assay revealed 3 forms of HuD mRNA, 197, 156, 110
nucleotides caused by alternative splicing at 868-909
residues and an additional 3’-splice site (9). The HuD
mRNA is uniquely exptessed in brain tissue. The major
form of HuD mRNA is 156 nucleotides in human and
monkey brains. The HuD protein shows a remarkable
homology to Drosophila proteins, Elav and sex-lethal and
is likely to be a neutron-specific RNA binding protein
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that plays a role in neutronal development (10). Howevet,
whether the unique spliced transcript of HuD gene for
SCLC is ptesent is still not known.

Recently, RT-PCR has been used for detection of low
levels of mRNA expression of cettain genes using a small
amount of RNA (11). SCLC is frequently detected in
metastatic lesions and diagnosed by bronchoscopic biopsy
without surgical resection. Thus, detection of specific
transcripts of tumor antigenes for SCLC will provide
suppottive evidence for a differential diagnosis of SCLC,
even with a small lung biopsy tissue. To address this
issue and to determine the diagnostic value of the HuD
expression for SCLC, we undettook a study by RT-PCR
and direct DNA sequencing in SCLC cell lines and SCLC
and non-SCLC tissues.

MATERIAL AND METHODS
Cell lines and tumor tissues

Four SCLC cell lines (N230, N231, Lul4l, N471)
wete examined. Three (N230, N231, Lul41) were classic
SCLC cell lines and one (N471) was a vatiant SCLC cell
line (12, 13). All of these cell lines wete established from
tumots of patients without PEM/PSN.

Nine surgically resected SCLCs, and 12 surgically re-
sected non-SCLCs were analyzed (Table 1). None of the
patients with SCLC had the PEM/PSN syndrome and
most tumors manifested as a solitaty mass in the
peripheral portion of the lung. Eight out of 9 patients
were males. In one case, the tumor was associated with
the syndrome of inapptroptiate secretion of antidiuretic

Table 1. Results of HuD expression in lung cancers

HuD mRNA Expression®
(major transcript)

3/4 (156 nuclectides)

Samples

SCLC Cell Lines

Classic cell lines 3/3
N230, N231, Lul41
Variant cell lines 0/1
N417
SCLC Tissues 2/9 (156 nuclectides)
Mixed small celllarge cell type 1/6
Small cell type 0/2
Combined small cell type N
non-SCLC Tissues 3/12 (156 nuclectides)
Squamous cell carcinoma 1/3
Adenocarcinoma 1/3
Large cell carcinoma 1/4
Carcinoid 0/2

®: No. of cancers expressing HuD gene per total cancers

examined ; SCLC : Small cell lung cancer
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hormone (SIADH). In 9 SCLCs, 6 of which were the
mixed small cell/large cell type, two of which were small
cell type, and one of which was the combined small cell
type (14). Non-SCLCs comptised 3 squamous cell catci-
nomas, 3 adenocarcinomas, 4 large cell carcinomas, and
2 carcinoid tumors. Normal lung tissues from each
patients wete examined simultaneously as control tissue.
All specimens of lung tumors analyzed were acetone-fixed
paraffin-embedded tissues (15). Two non-SCLCs were
examined along with fresh tissue in order to compate to
the expression in acetone-fixed samples.

The brain and spinal cord tissues for a positive control
wetre obtained by autopsy of a neurologically normal
individual, snap frozen in isopentane chilled by liquid
nitrogen, and kept frozen at -70C.

Extraction of total RNA

After departaffinization with xylene, total RNA was
isolated from two to three 50 pm-thick acetone-fixed
paraffin-embedded sections, trimmed off tumorous ateas,
by using the acid-guanidium-phenol-chlotoform method
(16). After hematoxylin-eosin staining and confirmation
of tumor tissue, five 15 ym-thick fresh samples from the
spinal cotd, brain and 2 non-SCLCs wete used in the
same way. Poly(A)+RNA was prepared from the 4 SCLC
cell lines using the guanidium thiocyanate and oligodeoxy
thymidylate cellulose method (17).

Reverse franscriptase-polymerase chain reaction (RT-
PCR)

Total RNA (0.2 ug~1.0 ug) from surgical samples
and poly(A)+RNA(10 ng) from SCLC cell lines were
incubated with RT in a solution containing the following
: 2.5 mM of each INTP, 10 U of RNase inhibitor, 5X
teaction buffer 250 mM Tris-HCl, 375 mM KCl, 15
mM MgCl) and 5 nmol of random hexamer primer
(Synthetic Genetics) (sample overlaid with 2 drops of
mineral oil). RT treactions were terminated by incubation
at 98°C for 30 min and used directly by subsequent PCR
amplification of specific ¢DNAs with a PCR reaction
mixture (50 yl final volume : 1X PCR buffer (100 mM
Tris-HCl, 500 mM KCl, 15 mM MgCly), 0.25 mM each
dNTP, and 20 uM each 5°(748~764) and 3°(929~945)
ptimets (CCAGGCCCTGCTGTCCC, AGGCTTCTCAT-
TCCATC) for HuD which spanned the putative alter-
native 3’-splice site described previously (9). With these
ptimers it was possible not only to determine the
ptesenice of HuD mRNA but also to determine the
3’-splice site (Fig. 1). After denaturation at 95C for 5
min, 2.5 ul Tag polymerase mixture (2.5 U Tag poly-
merase (Perkin Elmer Cetus, CA. USA), 1 U/ ul PCR
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(748)ccaggecctgetctcccAGCTCTACCAGTCCCCTAACCGGCGCTACCCAGGTCCACTTCACCACCA
GGCTCAGAGGTTCAGGCTGGACAATTTGCTTAATATGGCCTATGGCGTAAAGAG/ACTGATGT
GTGGACCAGTCCCCCCTTCTGCTTGTTCCCCCAG/GTTCTCCCCAATTACCATTgatggaatgag
aagcct (945)

AUG

7G4 predicted open reading frame

B 5

748 945 without splicing

G

” 198 b A
p G 868
G909

909 splicing at 868-909
42bp 156 bp
—_—

Fig. 1. A sequence of an amplified segment of the open reading frame of HuD gene was printed in the top. Small letters are
primers and bold letters are spliced segments. A : Detection of a single mRNA transcript compatible with 156 nuclectides (arrow)
from the spinal cord as a positive contral (lane 2) and three classic SCLC cell lines [lane 3 (N230), lane 4 (N231), and lane 5
(Lu141)]. A variant cell line [ lane 6 (N471)] showed no expression of HuD gene. RT-PCR was performed on each of these samples,
using primers which spanned the putative alternative 3-splice site of HuD gene. A product of exon 7 of p53 gene (110bp) (lanel)
from the normal lung tissue was examined for marker of the shortest spliced transcript of HuD gene. Marker(M) was loaded with
Haelll-digested X174 DNA. B: Direct DNA sequencing of cDNA products representing a single band in RT-PCR ; deletion of 42
nuclectides produced by the alternative splicing at 868-909 residues was confirmed.

enhancer (Stratagene, CA, USA), and 1U Bind-aid ampli-
fication enhancer for decreasing background (United
State Biomedical Corporation, USA)) were added. PCR
analyses were performed in an automated DNA clonal
cycler (Perkin Elmer Cetus) with the following tem-
petature profile according to the previous report (9) @ 35
cycles of 1 min at 94°C, 30 sec at 47C, and 1 min
at 72C. A low annealing temperature is suitable for
PCR reaction of HuD gene because of the short length
of ptimers (less than 20 base pairs) and the high
proportion of putines in one primer. One-fifth (10 ul) of
the PCR product was electrophotesed in 3% agarose gel
(Nuseive, FMC, USA), the PCR fragment was stained
with ethidium bromide and analyzed with ultraviolet
light at 320 am. In order to check the integtity of total
viable RNA, the same samples were assayed with primets
(1,556~1,575 and 3,658~3,677 in genomic sequence)
specific for [3,-microglobulin (the size of the amplified
band : 261 bp). Exon 7 of p53 (110 bp) from the normal
lung tissue was examined for marker of the shortest
spliced transcript of HuD gene. RT-PCR for p53 gene
was petformed with primets of exon 7 (GTTGGCTIC-
TGACTGTACCAC, ATCACACTGGAAGACTCCAG)

and at 55C of annealing temperature using the same
protocol. Negative controls without added RNA or
normal lung tissue were used for each sets of RT-PCR
reactions.

Direct sequencing of DNA by lamda-exonuclease diges-
tion of double-stranded PCR products

Bands detected by RT-PCR wete eluted from the gel
and amplified using phosphated and non-phosphated
5’ (751~767) and 3°(926~942) primers under the same
profile of PCR. After confirming the PCR product(10 ul)
by 3% agarose electrophoresis, the final PCR fragments
were extracted with phenol-chloroform. The sequences
ptimed with the phosphated primers wete digested with
lamda-exonuclease. The remaining single-strand products
were precipitated with ethanol and subjected to se-
quencing using a 7-deaza-dGTP sequenase version 2.0
kit (USB, USA) with 5’-end labeled non-phosphated
ptimers, whose sequences were the same as those of the
phosphated primers in the previous step (18, 19). All
¢DNA products from SCLC cell lines and tissue samples
wete sequenced.
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RESULTS

HuD expression in SCLC cell lines

Results of RT-PCR assay for HuD expression in SCLC
cell lines are illustrated in Fig. 1 and Table 1. Three
classic SCLC cell lines strongly expressed a single product
of mRNA compatible with 156 nucelotides, which was
expressed in the spinal cord as a positive control. In
contrast, HuD expression was undetectable in one variant
cell line (N471). To verify this product, ditect DNA
sequencing was performed seperately. A deletion of 42
nucleotides (from residues 868~909), which was pre-
viously predicted as an alternative 3’-splice site (9) was
detected (Table 1 and Fig. 1). According to these results,
an alternatively spliced form (156 nucleotides) at 868-
909 residues was the dominant transctipt found in SCLC
cell lines.

HuD expression in lung tumor tissues

We examined solitary SCLCs resected surgically and
not associated with PEM/PSN (Table 1 and Fig. 2A).
Histologically, 8 of them wete pute small cell carcinomas
and stained positively for anti-neural cell adhesion mol-
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ecule antibody N-CAM) such as Lu 243 (data not
shown) (20). One case showed an adenocatcinoma com-
ponent, but positive for N-CAM. Two of 9 SCLCs (22%)
showed expression of 156 nucleotides transcript of HuD
mRNA which was weaker than in SCLC cell lines (Fig.
2A). Histologically, one case was combined small cell
type and the other was mixed small cell/large cell type.

Three of the 12 non-SCLCs (25%) expressed 156
nucleotides transctipt of HuD mRNA (Table 1 and Fig.
2B); three of which were squamous cell carcinoma,
adenocarcinoma and large cell carcinoma, respectively.
Comparing to SCLC cell lines, the expression of HuD
gene in these cases was weak. Neither of the carcinoid
tumors expressed the HuD gene. Fresh samples from the
two patients with non-SCLC showed stronger signals
than the acetone-fixed tissues (Fig. 2C).

By Direct DNA sequencing of ¢DNA products from
the SCLC tissues and non-SCLC tissues, we detected the
same alternative splicing at 868-909 residues as that of
SCLC cell lines (data not shown).

DISCUSSION

In this study, for the RT-PCR assay, we used the same

Fig. 2. A: HuD expression in SCLC tissues. Expression of 156
nuclectides transcript of HuD mRNA was detected in two cases
(lane 11 and 12). One case (lane 11) was mixed small cell/large
cell type and the other (lane 12) was the combined small cell type.
The expression is weaker than in the spinal cord as a positive
control (lane 2) and SCLC cell lines (lane 3-5). Five cases (lane
6-10) revealed no expression. Negative control reacts for RT-PCR
were performed with RNA extracted from normal lung tissue (lane
1). In the bottom panel the same cDNA reaction products were
assayed with primers specific to Bs-microglobulin (261 nucleo-
tides) as a control for RNA content. B ¢ Results of HuD expression
in non-SCLC tissues. Expression of HuD gene was detected in
a squamous cell carcinoma (lane 6) and an adenocarcinoma (lane
8). The expression was weaker than in the spinal cord as a positive
conrtol (lane 2} and SCLC cell line (lane 3). Carcinoid tumor(lane
4y showed no expression of HuD gene. Negative control reacts
for RT-PCR were performed with RNA extracted from normal lung
tissue of each case. The same cDNA reaction products were
assayed with primers specific to B2~ microglobulin as a control
for RNA content. Lane 1: normal lung; lane 2 : spinal cord; lane
3 SCLC cell line; lane 4 and 5 : carcinocid tumor and normal lung
counterpart, lane 6 and 7 : squamous cell carcinoma and normal
lung counterpart; lane 8 and 9 : adenocarcinoma and normal lung
counterpart. C: Comparison of HuD expression with fresh and
acetone-fixed tissues. Expression of HUD gene is stronger in fresh
samples than in acetone-fixed tissues. Lane 1: negative control
without RNA: lane 2: normal lung; lane 3 and 4: fresh and
aceton-fixed squamous cell carcinoma (the same case in lane 6
of Fig. 2B); lane 5 and 6 : fresh and aceton-fixed adenocarcinoma
(the same case in lane 8 of Fig. 2B)
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HuD specific primets which spanned the putative
alternative 3’-splice site as described by Szabo et al. (9).
They reported detection in the human brain of 3 forms
of HuD mRNA, 197, 156, 110 nucleotides caused by
alternative splicing at 868-909 tesidues and an additional
3’-splice site. The major form of HuD mRNA is 156
nucleotides in human and monkey brains. Szabo et al.
(9), howevert, suggested in their preliminaty study that
a minot product of 110 nucleotides may be the main
product of SCLC. If this unique pattern of alternative
splicing is present, we thought that it will be one of the
diagnostic markers of SCLC. Then we examined SCLC
cell lines and tissues. However, the single minor
transctipt (110 nucleotides) could not detected, but major
transcript (156 nucleotides) was detected in both SCLC
cell line and dssue as well as human brain and spinal
cotd. As a result, no aberrant alternative splicing occut-
red in SCLCs not associated with PEM/PSN. Whether
RNA splicing is the same in tumors without PEM/PSN
ot in tumors with PEM/PSN watrants further study. In
the preliminaty study, we examined different sites of
normal brain tissues in which the major transcript of the
HuD gene was also 156 nucleotides (data not shown).
However, we could not find 2 minor transcripts of HuD
mRNA, 197 and 110 bp in the brain. The possibility
of lower sensitivity of ethidium bromide staining than
P*-radiolabelling could be considered.

The SCLC cell lines ate subgrouped into 2 major
classes mainly on the basis of their biochemical prop-
erties (12, 13). Classic SCLC cell lines express elevated
levels of biomarkers (aromatic L-amino acid decarboxy-
lase[AADC], neuron-specific enolase, creatin kinase,
brain isoenzyme) and grow slowly, while variant cell
lines fail to express AADC activity and grow quickly. In
this study, we examined 3 classic cell lines which
expressed the alternatively spliced form of HuD genes
but not in a variant cell line. This finding implies that
the HuD gene exptession is one of the matkers for
classic SCLC cell line.

The classification of SCLC in tissues is contradictory.
In this study, we used the revised International As-
sociation for the Study of Lung cancer (14) by which
SCLCs are divided into 3 subtypes, small cell, mixed
small cell/large cell and combined small cell type. The
SCLCs examined in this study were pure small cell
catcinoma, either small cell or mixed small cell/large cell
type, except for one combined type. Two of 9 cases, one
combined and one mixed small cell/large cell type,
expressed the HuD gene. In another repott (1), 15% of
patients with SCLC not associated with PEM/PSN could
be detected with low tter of the serum anti-HuD
antibody. Our study also revealed that 22% of HuD
expression in SCLCs not associated with PEM/PSN could
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be detected by RT-PCR.

The pathogenesis of PEM/PSN in SCLC is stll not
well known. One theoty is that coexpression of MHC
class I and Hu antigen by the tumor may result in a
profound immune teaction. Howevet, other factors may
be involved in the pathogenesis of this immune disorder
(2). SCLCs with the HuD antigen showed coexptession
of other neuronal antigen (2, 20). Thus, SCLCs have been
thought to be neutroectodermal in otigin. This study also
demontrated that 22% of SCLCs not associated with
PEM/PSN expressed the HuD gene as well as other
neuronal antigens.

In the previous study (7) all small cell carcinomas
expressed the Hu antigen but less than 4% of non-SCLCs
expressed it. The antigen was exptessed by tumots other
than lung cancer, including neuroblastoma, Merkel cell
tumot, Ewing’s sarcoma, melanoma, chondromyxosar-
coma, small cell carcinoma of the stomach, and un-
differentiated carcinoma of the prostate. In this study,
25% of non-SCLCs expresssed low level of the HuD
gene. These tumorts revealed no small cell catcinoma
components with microscopic examination. Fresh tissues
from the same patients revealed stronger exptession of
the HuD gene than the AMeX tissue. Clinical impli-
cation of low exptession of HuD gene in non-SCLCs not
associated with PEM/PSN is still unexplainable.

In a ptevious study (21) and our preliminary study, it
was suggested that acetone fixation may not be better
for RNA preservation than methanol fixation ot the use
of fresh-frozen tissue (data not shown). In this study,
nevertheless, we successfully extracted 3.0 pg/em (from
normal lung tissue) to 9.7 ug (from tumor tissue) of
viable total RNA from 2~3 sheets of 50 ym-thick tissue
section. Compared to fresh tissue of the same samples,
however, the RT-PCR product signal is slightly weak in
acetone-fixed tissues. Therefore, this study indicates the
possible diagnostic usefulness of RT-PCR assay using
RNA extracted from pataffin-embedded tissues for other
genetic studies.
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