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Abstract

The technique of differential display was previously used to profile the gene

expression patterns of NSCLC and severa genes differentially expressed were thus

identified. In this report, we demonstrate that a DNA fragment of 347-bp length,

up-regulated in tumor tissues, showed 100% sequence similarity to human cDNA

FLJ20693 for a 370-residue protein. The gene product of cDNA FLJ20693 was

postulated to be a shorter isoform of transmembrane GTPase, termed TG370, based

upon the results of searching for sequence homology. The nucleotide sequence

alignment also indicated that the cDNA FLJ20693 and the cDNA for 741-residue

human mitofusin 1 (TG741) possibly resulted from the event of alternative splicing

from which a 127-bp region was retained in the latter. Anaysis of the genome

sequence confirmed the speculation that both cDNAs were mapped to the same

chromosomal position composing of 18 exons, of which the 127-bp region of TG741

congtituted exon 11. The dternative splicing in al lung cancer cell lines was aso

observed to occur nearly in al tissue specimens examined. The up-regulated

expression of transmembrane GTPase was subsequently found in tumor tissues from

a least 5 out of 7 NSCLC patients. Also, a distinct PCR product was initialy

detected in cell line H520 and further sequence analysis identified the presence of the

86-bp region mapped to the genome sequence immediately followed by exon 10. To



evaluate the retention of 86-bp region, it was found that, besides the predicted 486-bp

product, an unexpected 332-bp product was concomitantly observed and identified as

the result of exon 8 deletion. The expression and subcellular localization of the

full-length TG741 and other shorter isoforms were detected by flow cytometry using

three polyclonal antibodies. It was concluded that the full-length TG741 located at

plasma membrane with its N-terminal domain exposed extracellularly and the shorter

isoforms retained at cytosol. Finally, the up-regulation of transmembrane GTPase in

tumor tissues was further illustrated using immunohistochemical staining.



I ntroduction

Lung cancer has become the mgor cause of mortality, more than 5000 cases

annualy, in Taiwan (1). The five-year survival rate, 65-75%, for patients going

through stage | NSCLC (non-small cell lung cancer), exhibits no significant change

during the past twenty years (2). Actuadly, there have been very few

well-documented prognostic factors to evaluate survival and supplement the stage

designation. Therefore, it is extremely important to identify novel markers for

detecting high-risk and early-stage patients, who could potentialy benefit from more

aggressive treatment approaches.

Advances in molecular biology have accelerated the illustrations that several

differentially expressed genes were implicated in lung cancer tissues or cell lines

using differential display technique developed by Liang et a. (3). They included a

member of the NF2/ERM/4.1 superfamily (4), laminin beta3 and gamma2 chains (5),

semaphorin E (6) and RAB5A (7). We aso employed this approach to profile the

gene expression patterns of NSCLC patients and thus identified several differentially

expressed genes. Among these, the overexpression of dihydrodiol dehydrogenase 1

(DD1) in tumor tissues as a prognostic factor had been reported as the first illustration

in lung cancer (8).

In this study, we demonstrate the identification of a novel gene, up-regulated in



lung cancer tissues, as transmembrane GTPase. Based upon the cDNA sequences
reported by different groups and analysis of the genome sequence, two isoforms of
transmembrane GTPase were speculated to result from the mRNA alternative splicing.
The detail of this ubiquitous alternative splicing occurring in lung cancer tissues and
different cell lines will be thoroughly described in the text. The study aso indicates
that the events of the alternative splicing will further generate severa distinct cONA
isoforms. Moreover, detection and localization of the gene productsis carried out by

flow cytometry.



Materials and Methods

Tissue Specimens and Cell Lines. The primary cancer tissues and the
pair-wise normal tissues were surgically resected and used for research purpose with
the permission from all NSCLC patients. Nine cases of squamous cell carcinoma
(SCC), used for mRNA differential display, were obtained from China Medical
College Hospital within the time period of experimental design. Thirty-six cases of
SCC and adenocarcinoma used for immunohistochemistry were collected from
Changhua Christian Hospital, Changhua. Tissue specimens were immediately
snap-frozen and stored in liquid nitrogen until use. All patients were aso subjected
to radical N2 lymph nodes dissection. Tumor size, lymph node number,
differentiation, vascular invasion and mitotic number were also evaluated.

Several lung cancer cell lines were used in the study, including H23, H125, H226,
H838, A549, H661 and H520, to illustrate the alternative splicing of cONA. All cell
lines examined were separatedy cultured in RPMI 1640 (Life Technologies)
containing 10% FBS (fetal bovine serum) (Life Technologies) and 2% penicillin
(10000 U/ml)-streptomycin (10 mg/ml). These cells were then placed into 75 cm®
tissue culture flasks and grown at 37°C under a humidified 5% CO, until they
reached the amounts of 5x10° cells for further use.

Primers. The primers, used for mRNA differential display, 3" RACE, RT-PCR



and gene expression, were al listed in Table 1.

RNA Isolation, mRNA Differential Display and Gene Identification. Total
RNA of tumor and the pair-wise normal tissue of NSCLC patient was isolated using
TRIzol reagent (Life Technologies, Grand Island, NY, USA) according to the
instruction manual. For mRNA differential display (RNAimage kit, GenHunter
Corporation, Nashville, TN, USA), the conducting procedures were exactly the same
as those suggested by the manufacturer and described previously (8). Arbitrary
primer H-AP76 and reverse primer H-T;pA were used in the study. After being
precipitated and filled in at both ends with T4 DNA polymerase, the re-amplified
cDNA fragments were subcloned into the ECORV site of the vector pZErO-2.1
(Invitrogen Corporation, San Diego, CA, USA). The cDNA insert was then
sequenced using primers (5-GTAAAACGACGGCCAG-3 and
5'-CAGGAAACAGCTATGAC-3). [a-*S]-dATP (10 mCi/ml, specific
activity>1000 Ci/mmol) was from Amersham Pharmacia Biotech.

3" RACE. Based upon the sequence of differentially expressed cDNA, two
specific primers were designed to proceed 3° RACE (rapid amplification of cDNA
ends). Briefly, about 3.5 ng of total RNA, which was isolated from a tumor tissue of
NSCLC patient designated 8T in Fig. 1, 10 pmoles of adapter primer and

DEPC-treated water were combined into a microcentrifuge tube to a final volume of



12 m. The subsequent procedures were conducted entirely as those in the instruction
manual (3" RACE system, Life Technologies). When amplifying the target cDNA,
20 pmoles of primer FP1-A76A, 10 pmoles of primer UAP, 1 mi of cDNA, 2 mM
MgCl,, 0.2 mM dNTP and 2.5 units of Ex. Tag DNA polymerase (TaKaRa Shuzo Co.,
Shiga, Japan) were included in 50 m of reaction mixture. After preincubating the
reaction at 95°C for 5 min, thirty-five cycles of reaction were performed (95°C for
30 s, 60°C for 30 sand 72°C for 30 s). The same conditions were also applied to
the nested amplification reaction, except using primers FP2-A76A and AUAP and 1
m of primary PCR product astemplate. The subsequent protocols for subcloning the
secondary PCR product and sequencing were equivalent with those mentioned above.
Preparations of Recombinant Proteins for Immunization. Three
recombinant proteins were prepared to immunize the mice in the study. Each primer
pair, used in RT-PCR, was designed to incorporate a restriction enzyme site (BamH|
or Xhol, Table 1) at their 5-ends. For recombinant protein encompassing the
complete 370 residues of shorter transmembrane GTPase, TG370 (GenBank
accession number AK000700) (9), the primers used were B-AEPV SP (residues 2-7)
and RFHVQ-X (residues 366-370). The PCR product, treated with BamHI and Xhol,
was subcloned into the corresponding sites of the expression vector pET-29a’

(Novagen Inc., Madison, WI, USA). After transforming the recombinant plasmid,



lacking of exon 11, into the expression host, E. coli strain BL21(DE3), the

recombinant protein was introduced to over-express after 3-h induction in the

presence of 1 mM IPTG. The isolated inclusion body was washed twice with

distilled water and re-dissolved in 1% SDS overnight at room temperature. The

prepared recombinant protein showed near homogeneity as judged by SDS-PAGE and

was ready for immunization.

Similar methods were also applied to prepare the other two recombinant proteins

encompassing the C-termina 100 residues and the internal 226 residues of

transmembrane GTPase, TG741 (10). In the former, primers B-FKQQFV (residues

642-647 of TG741) and SNEES-X (residues 737-741 of TG741) were used. In the

latter, primers B-YSVEER (residues 368-373 of TG741) and LASVTS-X (residues

588-593 of TG741) were employed to amplify the coding region followed by a

putative transmembrane region of residues 600-622 of TG741.

Preparations of Polyclonal Antibodies. The prepared recombinant proteins

were used to immunize the 6-weeks-old female Balb/c mice. First of all, each mouse

was initially injected with 0.5 ml of pristane. About 100 ng of antigen, mixed with

equal volume of complete Freund's adjuvant, was applied subcutaneously after 10-15

days. Equa amounts of antigen, emulsified with incomplete Freund’s adjuvant, was

injected intraperitoneally after 10-20 days and boosted again after another 15-20 days.



Finally, the serum-free myeloma cells (0.5-1x10°) in PBS were injected
intraperitoneally into the mouse. The ascite fluids, normally accumulated after one
week, were collected daily for about 5-8 days.

Detection of Transmembrane GTPase by Flow Cytometry. The expression
of transmembrane GTPase of the lung cancer cell line A549, at cell surface or
intracellularly, was illustrated by flow cytometry (FCM), using the three prepared
polyclonal antibodies mentioned above (11, 12). For detecting the surface antigen,
cells were washed twice, resuspended with the given antibody and incubated at 4°C
for 35-min staining. After being washed three times with 10% FBS in RPMI1 1640
with 0.1 % sodium azide, cells were stained with FITC-labeled secondary antibody
(goat anti-mouse 19gG, Jackson ImmunoResearch Laboratories, West Grove, PA, USA)
at 4°C for 35 min. The cells were then washed three times, resuspended in PBS and
analyzed by flow cytometry.

For detecting the intracellular antigen, cells were initially washed twice,
resuspended in 100 m of ice-cold 1% formaldehyde for 5 min, and mixed with 100 ni
of ice-cold 99% methanol for 30 min. Then the cells were washed three times with
0.1% BSA in PBS and mixed with 100 m of 0.1% Triton X-100 in PBS with 0.1%
sodium citrate on ice for 45 min. After being washed three times with the same

buffer, the cells were incubated with polyclona antibody at 4C for 35-min staining
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and then washed three times with 0.1% BSA in FBS. The subsequent procedures

were equivalent to those for detection of surface antigen.

I mmunohistochemistry. Polyclona antibody for the C-terminal 100 residues

of TG741 was used in the immunohistochemistry. Four-micrometer-thick

paraffin-embedded tissue sections on poly-L-lysine coated slides were deparaffinized.

After quenching endogenous peroxidase with 3% H,O, in methanol, the sections were

hydrated with gradient a cohol and PBS, then incubated with 10 mm citrate buffer and,

finally, heated at 100°C for 20 minutes in PBS. After being exposed to

50-fold-diluted antibody for 30 minutes at room temperature, slides were incubated

with a HRP/Fab polymer conjugate (Zymed, PicTure Polymer Kit, South Sen

Francisco, CA, USA) for the same time. The sections were thoroughly washed with

PBS a each interval. The sites of peroxidase were visuadized with

3,3 -diaminobenzidine tetrahydrochloride. Hematoxylin was used for

counterstaining. Appropriate positive and negative controls were also included.

Statistical Analysis. Statistical comparisons were carried out using the

Fisher’s exact test to determine the significance of the association between different

variables. Thelevel of significance was set at 0.05.
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Results

Identification of Putative Transmembrane GTPase in NSCLC. After

making a tria to profile the difference of gene expression patterns using arbitrary

primer H-AP76 and reverse primer H-TA, it was found that a DNA fragment of

347-bases length, termed A76A, is up-regulated in most of the tumor tissues

examined (Fig. 1). The DNA sequence of this fragment, except the primer

sequences at both ends, showed 100% similarity to that of nucleotides 2767-3084 of

human cDNA FLJ 20693 (GenBank accession number AK000700) (9). A76A was

undoubtedly amplified from the cDNA FLJ 20693, based upon the sequence analysis

of the nested PCR product of 3 RACE possessing near 200-bp extension at 3' end.

The 3148-bp cDNA FLJ20693 encoded a 370-residue protein whose function was not

understood. A search for sequence homologies was subsequently performed based

upon the 370-residue sequence. Significant sequence similarities were observed in

the N-termina 370 residues of human mitofusin 1 (98%, 362/370) (10) and mouse

putative transmembrane GTPase (90%, 333/370) (GenBank accession number

AKO018181) (13). Therefore, it was speculated that the gene product encoded by

cDNA FLJ20693 represented a shorter form of tranamembrane GTPase and is termed

TG370 herein to distinguish it from TG741 of 741-residue human mitofusin 1.

The high sequence similarity was aso reflected in the coding regions of cDNA
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for TG370 and TG741. The difference is the presence of an extra 127-bp region in

nts 1098-1224 of cDNA coding region for TG741 (10) listed as

GCATTATTCAGTGGAAGAGAGGGAAGACCAAATTGATAGACTGGACTTTAT

TCGAAACCAGATGAACCTTTTAACACTGGATGTTAAGAAAAAAATCAAGG

AGGTTACCGAGGAGGTGGCAAACAAA. It seemed likely that both cDNAS

resulted from the alternative splicing, i. e. such a 127-bp sequence constituted an exon.

Therefore, we analyzed the genome sequence and, as expected, both cDNAs were

mapped to localize at the chromosome 3025.1-25.33 (14). The genomic DNA

structure for TG370/TG741, spanning over 45 kb, was made up of 18 exons, in which

al intron excisions followed the GT-AG rules shown in bold and exon 2 encoded the

initiation codon (Table 2). In the case of cDNA for TG370, exon 11 was spliced out

and the reading frame was in-frame with the stop codon TGA in exon 12.

Alternative Splicing in Lung Cancer. As the identified 347-bp DNA

fragment was mapped to the 3' untranslated region of cDNA FLJ20693 for TG370 (9),

two specific primers FPO-A76A (residues 180-186 of TG370) and RFHVQ-X

(residues 366-370 of TG370) were designed to evaluate the occurrence of alternative

splicing in lung cancer.  As shown in Fig. 2A, two PCR products of 714- and 587-bp

length, in which the former was the predominant, were simultaneously observed in all

lung cancer cell lines. Due to the inadequate amounts of RNA, the tumor tissue and
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the pair-wise normal lung tissue of patients, numbering 6 and 7 in Fig. 1, were not
included to evaluate. The alternative splicing was also observed and nearly occurred
in al tissues examined (Fig. 2B). Moreover, the up-regulated expression of
transmembrane GTPase was implicated in at least 5 out of 7 tumor tissues. Such
observation was aso consistent with the result of differential display in Fig. 1.
Another distinct PCR product migrating between those two major ones was
significantly, however, observed in cell line H520 (Fig. 2A). Sequence anaysis
showed that the striking feature of the 673-bp product was the presence of an extra
86-bp region lying between exons 9 and 10 (Fig. 2C). Based upon the genome
sequence, the additional 86-bp sequence was mapped to which was followed
immediately by exon 10. Primers RP5-A76A, in the 86-bp region, and FPO-A76A
were further used to interpret the retention of such a sequence in the splicing process.
The observation of the 486-bp product showed its universal occurrence in most tumor
tissues and cell lines (Fig. 2D).

Prior to the illustration of cDNA for TG741, another human cDNA for putative
transmembrane GTPase (GenBank accession number U95822) had been described by
Fuller and Hales (15). The partia 493-residues gene product exhibited the lack of
111 residues, which exactly constituted exons 13 and 14, between residues Ser*? and

Leu*™ of TG741. It wasinitialy concluded that the alternative splicing would result

14



in the formation of cDNA encoding at least three gene products with different residue

numbers. However, the retention of the 86-bp region preceding exon 10 complicated

the alternative splicing as illustrated in Fig. 2. Moreover, another type of exon

deletion was also observed. As shown in Fig. 2D, besides the predicted 486-bp

product, a distinct 332-bp product was detected in all tumor tissues and cell lines.

Sequence analysis identified the unique deletion of exon 8. Equivalent result was

also obtained using primers RP5-A76A and B-AEPVSP from which, besides the

predicted 1028-bp product, the 874-bp PCR product, lacking of exon 8, was also

derived (data not shown). Actualy, there were still distinct splice variants to be

identified in the experiment. As an example, the splicing pattern of exons 1-18 was

illustrated using primers FP6-A76A, in exon 1, and RP3-A76A, in exon 18, from

which a splice variant, lacking of exons 12-14, was thus identified in tumor tissues

(data not shown).

Locating Transmembrane GTPase at Cell Surface and Cytosol. The results

of locating transmembrane GTPase by flow cytometry are presented in Fig. 3. It

indicates that, using antibody raised against TG370, the proportion of cells expressing

antigens at the surface and intracellularly was 78% and 99% respectively, as

illustrated in Fig. 3A and 3B. About 73% of cells expressed the antigen at the

surface using antibody raised against the interna 226 residues preceding the

15



transmembrane region of TG741 (Fig. 3C). After increasing the antibody

concentration, the proportion of cells being stained increased only to about 80%. It

may be that some cells were not mature enough to produce the surface antigen. In

contrast, it was observed that low percentages of cells, comparable to the control

group, were stained for cytoplasmic antigen expression using the same antibody (Fig.

3D). On the other hand, the intracellular antigen expression was significantly

detected in 92% of cells, using antibody for the C-terminal 100 residues of TG741

(Fig. 3F). Inthiscase, antigen was not detected at the surface (Fig. 3E). Combined

with these results, the following two facts were concluded. First, transmembrane

GTPase was destined to cell surface or cytosol. Depending on the length of

polypeptide chain, the shorter form(s) might retain at cytosol and that with

transmembrane region was trandocated to plasma membrane.  Second, the

full-length TG741 was anchored at cell surface in which its N-termina domain was

exposed extrace lularly.

Immunohistochemical studies. The expression of transmembrane GTPase in

NSCLC was further illustrated immunohistochemically using antibody raised for the

C-terminal 100 residues of TG741. The results showed that differential expression

of transmembrane GTPase in tumor tissues was revealed in 13 out of 18 cases of

adenocarcinoma (72.2%) and 5 out of 18 cases of SCC (27.8%) (p=0.018). The

16



staining results of representative case of each tumor type, accompanied with adjacent
normal lung tissue from the same patient, were shown in Fig. 4. As observed in
most cases of adenocarcinoma and SCC examined in the experiment, the expression
of transmembrane GTPase was detected to a significant lower extent in type 2

pneumocytes and alveolar macrophages in the peripheral lung.
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Discussion

In our experiment, the alternative splicing obviously resulted from the
retention/deletion of exon 8, the 86-bp region and exon 11. The putative shorter
isoforms and deduced C-termina unique sequences are listed at Table 3. If exon 8
was spliced out, a stop codon TGA or TAA would be encountered in exon 10 in the
absence or presence of the 86-bp region, i.e., the predicted gene products of 282 and
322 residues were not relevant to the exon 11.  In the case of retention of exon 8 and
the 86-bp region, an in-frame stop codon TAA in the 86-bp region caused the
predicted protein to have the C-termina unique sequence LQTASFCV*.,
Therefore, four putative shorter isoforms of transmembrane GTPase, including
TG370, theoreticaly existed. Also, the multiplicity of shorter isoforms may be
appropriate to account for the detection of intracellular antigen using antibodies for
TG370 (Fig. 3B). In the future, synthetic peptide, its design based upon the
C-terminal unique sequence, will be used to prepare the antibody to identify the
existence of the individual shorter isoform by flow cytometry.

Protein sequence analysis of TG741 revealed the presence of a transmembrane
region of 1°®IVGGVIWKTIGWKLLSVSLTMY % but no putative signal peptide or
mitochondrial prosequence. From the results of flow cytometry in Fig. 3, TG741

was assigned to locate at the plasma membrane with the orientation of its N-terminal
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domain exposed extracellularly. However, Fuller et al. demonstrated that human
mitofusin 1, equivaent with TG741, was destined to mitochondrial membrane and
implicated in mitochondrial fusion (10) and the homologues of fruit fly (Fzo) (15) and
yeast (Fzolp) (16) played the sameroles. Thereis yet no reasonable explanation for
the controversy of locating TG741 destination. Actualy, increasing members of
putative transmembrane GTPase family displayed similar structures of polypeptide
chain length, P-loop near the N-terminus and transmembrane region near the
C-terminus (13, 15-19). There were no reports to reveal the presence of the shorter
isoforms in other species. Distinct kinds of transmembrane GTPase, which showed
no sequence similarity to TG741, were also previously described, including
interleukin-1 receptor (20) and beta subunit of SRP (signal recognition particle)
receptor in ER membrane (21). This provided an insight that TG741, whose precise
functions were still under-established, served as a membrane-anchored receptor to
participate in the signal transduction pathway.

On the other hand, the shorter isoforms, all having no transmembrane regions,
were experimentally concluded to be soluble in cytoplasm. It may be suitable to
refer to the shorter isoforms of transmembrane GTPase as TG-related GTPase, which
still retained the P-loop of GR®*TSSGK®S, like that of TG741, and showed no

significant sequence similarities to the members of the Rasrelated GTPase

19



superfamily. These shorter isoforms might be postulated to be functional based upon
the fact that the GTP-binding domain of TG-related GTPase was conserved in several
nucleotide-binding proteins. These candidates were widely distributed in human
(MMR_HSR1 and NPG1 HUMAN) (22, 23), yeast Schizosaccharomyces pombe
(YAWG_SCHPO and T39037) (24, 25), Mycoplasma pneurmoniae (Y 442_MY CPN)
(26), Aquifex aeolicus (ENGA_AQUAE) (27), Smechocystis PCC6803
(ENGA_SYNY3) (28), Buchnera aphidicola (ENGA_BUCAP) (29) and Chlamydia

trachomatis (ENGA_CHLTR) (30). The aigned conserved domains are shown

below:
TG RHVKVAFFGRTSSGKSSVI NAMLWDKVLP- SG GHI TNCFLSVEGT - DGDKAYL M TEQ!SDEKKSVK137
MVR_HSR1 KSI RVGVI GYPNVGKSSL I NAL VKKKRAI VSNRPGT TRDI QEVKLV- KDKKI YLI DTPG RFPSSVD'"

YAWG_SCHPO TKMIFGLVGYPNVGKSSTI NALVGSKKVSVSSTPGKTKHFQT | NL- - - SEKVSLLDCPG. VFPSFAT?3
NGP1_HUVAN KQ SVGFI GYPNVGKSSVI NTLRSKKVCNVAPI AGETKVWAQYI TL- - - MRRI FLI DCPGWYPS- ED*™
T39037 KQ SVGLI GFPNAGKSSI | NTLRKKKVCNVAPI PGETKVWQYVAL - - - MKRI FLI DCPG VPPSSND*™2
Y442_MYCPN HQFRLAVI GVPNVGKSSLI NLLLNKNHLQVANRAGVTKSMBWNQ - - - SSEFYL SDTPGVFFKRI DE'™®
ENGA_AQUAE | KVAFI GRPNVGKSSLVNAI LKDERVI VSPI AGTTRDAI El PFRWKDKNFI LI DTAGVRRPSNVE?*®
ENGA_SYNY3 | KVAI VGRPNVGKSSLLNAL TGEQRAI VSPI SGTTRDAI DMWVERNGQKYRLI DTAG RRKKNVD?*
ENGA_BUCAP NSVKI ACl GKPNVGKSTLI NSLLMKKRM TSNKAGTTLDTVLVPI KYNYKNY! FI DTAGVBKKKSKT?%?

ENGA CHLTR RPLKVALI GHPNVGKSSI | NALLKEERCI TDNSPGTTRDNI DVAYTHNNKEYVFI DTAGLRKTKSI K2

Additionally, the similar sequences of the P-loop have also been found in cystic
fibrosis transmembrane conductance regulator (GRTGSGK S??) (31), sulfonylurea
receptor 2B (GRTGSGKS™) (32), ATP-binding cassette transporter abcl
(GSTGSGKS™®  and GRTGSGKS™) (33), multidrug resistance protein

(GSTGSGKS*™ and GRTGSGKS™?) (34) and the 1beta dynein heavy chain
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(GRTGSGKS™®) (35).  Several reports have revealed the identification and
characterization of various GTPase-interacting or -activating proteins (36-39). In
perspective, we need to investigate the target proteins interacting with or activating
TG741/TG-related GTPase for further illustrations of their physiological functions.
The up-regulated expression of transmembrane GTPase might be involved with
the tumorigenesis process. As shown in Fig. 4, transmembrane GTPase was
differentially expressed in tumor tissues, especialy in adenocarcinoma. Most cases
of adenocarcinoma were clinically destined to periphera lung. It had been
established that this tumor type was derived from type 2 pneumocytes of alveolar sac
and Clara cells of the bronchiole. Therefore, transmembrane GTPase may have the

potential to serve as a useful tumor maker for detecting primary lung adenocarcinoma.
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Table 1. Sequences of the primers used in the study

Primer Sequence (5 —3')? Orientation”
B-AEPVSP CACCCGGATCCGCAGAACCTGTTTCTCCA S
RFHVQ-X GGTCCCTCGAGTCATTGCACATGAAACCT A
B-FKQQFV CACCCGGATCCTTTAAACAGCAGTTTGTA S
SNEES-X GGTCCCTCGAGTTAGGATTCTTCATTGCT A
B-YSVEER CACCCGGATCCTATTCAGTGGAAGAGAGG S
LASVTSX GGTCCCTCGAGTCAAGATGTAACGGACGCCAA A
FPO-A76A CCAGGCACAGATGTCACTAC S
FP1-A76A CAGCTTTGCTCCCATT S
FP2-A76A GGAACGCTTTCCTAGTGCA S
FP4-A76A TGTTTAAATTCCTGAAAATGTTGCG S
FP6-A76A GTTGCCGGGTGATAGTTGGAG S
RP3-A76A ACAGCCCCACCCCTCAGGGG A
RP5-A76A CATGGCAACATTTTCAGGAATTTAA A
Adapter primer GGCCACGCGTCGACTAGTACT 17 A
UAP CUACUACUACUAGGCCACGCGTCGACTAGTAC A
AUAP GGCCACGCGTCGACTAGTAC A
H-AP76 AAGCTTGTTATAG S
H-T1A AAGCTTTTTTTTTTTA A

*The underlined sequences GGATCC, CTCGAG and AAGCTT represented the sites
recognized by restriction enzymes BamHI, Xhol and HindlIl, respectively.

S sense; A, antisense.
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Table 2. Genomi c organi zation of TG (transnenbrane GIPase) gene

Exon Exon/intron junction I ntron
Nunber  Size (bp) 5’ donor 3’ accept or size (kb)
1 76 AGCGGAGACTgt gagt g cct ct agTAGCATAATG 1.0
Met
2 119 TTTGTTGAAGgt t agt t ttt gcagCAACATATAA 2.9
PheVal G uA- - - ---laThr TyrLy
3 136 TTTTTGECAGgt aatt a t ct t cagGACAAGCAGT 6.8
hePhed yAr - - - ---gThr Ser Ser
4 163 GAGTGTGAAGyt at gat gct t t agACAGTTAATC 3.4
sSer Val Lys- - - ---ThrVal AsnQ
5 125 TAGTAGACACgt aaaat t cat t agTCCAGGCACA 1.8
euVal AspSe- - - ---rProQ yThr
6 109 AATGAATACGgt aggat tttt cagGAAAAACACT 0.7
uMet AsnThr - - - ---Qd uLysHi sP
7 108 TATGGAAGACGt aagt t t ct gt agGTACGCAGAC 2.2
r Met @ uAsp- - - ---Val Ar gArgG
8 154 CCAGAAAGT (gt at gca gt t acagGTGTGGCACT 0.4
Prod uSer G - - ---lyval Al aLe
9 68 AATCTTTGAGgt aggaa ct cgcagGAGIGTATCT 7.1
nl | ePhed u- - - ---Q3 uCyslleS
10 122 AAGATAAAACGt at gag gaaat agGCATTATTCA 1.7
| UAspLySAr - - - ---gHi sTyr Ser
11 127 GGCAAACAACGgL gggt a ttttcagGITTCATGIG 0.2
| Al aAsnLys- - - ---Val Ser CysA
12 105 ATATAAAAGTgt aagt t tt aacagGAATTAAATA 0.9
eTyrLysSer-- - ---Qd uLeuAsnL
13 103 GAAATTATTGCgt aat at tttctagAAAATTTGAA 0.1
GQullelleG-- ---luAsnLeulLy
14 230 TATCTTTCAGgt at gt a tt ggcagCTCCCTAGAT 6.8
ol | ePhed n- - - ---LeuProArgS
15 153 TGGAGGAGT (gt aagaa ct t acagATTTGGAAAA 0.7
IdydyVval--- ---11eTrpLysT
16 197 AAGTAAAACAgt aagt ttttaagACAAATAGCT 3.4
I nval Lysd - - - ---ndnlleA a
17 135 ACCTCTTAAGgt att t t aat t agAAATAAAGCT 1.8
ysLeulLeUuAr - - - ---gAsnLysAl a
18 1238
Pol y(A)*
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Table 3. Putative shorter isoforms of transmembrane GTPase

Isoforms Exon 8 Extra86 bp Exon 11 C-terminal sequences’

TG370 + - - L3°AAEDKRFHV Q"

TG333 + + +- N*°FEQIFELQTASFCV>*
TG282 - - +- R?3|LNK SLRSV SRSQQ**
TG322 - + +- R*®ILNKSLSYKQQVFVFKFL-

KMLRWNYSNVLRLGPLAGV-

Y LAV SSENKVRTAHY QS**

*The C-terminal unique sequence of each shorter isoform is underlined.
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FIGURE LEGENDS

Fig.1. The gene expression patterns of NSCLC are profiled by differential display

using the arbitrary primer H-AP76 and reverse primer H-TppA.  The

up-regulated DNA fragment of 347-bp length termed A76A in most tumor

tissues is indicated by arrowhead. The symbols ‘N’ and ‘T’ represent

non-tumor and pair-wise tumor fractions of surgical resections of 9 NSCLC

patients.

Fig. 2. Occurrence of aternative splicing and up-regulated expression of cDNA for

transmembrane GTPase in lung cancer cell lines and NSCLC patients. A.

Presence or absence of exon 11 is determined using primers FPO-A76A and

RFHVQ-X. The two predicted PCR products of 714- and 587-bp length, in A

and B, and an additional distinct PCR product of 673-bp length are shown at

right. Lung cancer cell lines used in the study are indicated at the top of each

lane. The left lane is 100-bp DNA ladder. B. To evaluate the aternative

splicing and up-regulated expression, 7 out of 9 NSCLC patients in Fig. 1,

which are indicated at top of each lane, are used in the experiment. The

symbols ‘N’ and ‘L’ following the patient number are normal and lung cancer

tissues. Theleft laneis 100-bp DNA ladder. C. DNA sequence of the 673-bp

product is shown and the extra 86-bp region preceding exon 10 is typed in
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boldface. The exon/intron boundaries are denoted under the DNA sequence.
D. Universal presence of the extra 86-bp region is illustrated using primers
FPO-A76A and RP5-A76A and the predicted 486-bp product isindicated. The
unexpected 332-bp product is derived from the deletion of exon 8 and described
in the Results.

Fig. 3. Flow cytometry (FCM) histograms of transmembrane GTPase expression in
lung cancer cell line A549 using antibodies for surface and cytoplasmic staining.
The X-axis and Y-axis in each histogram represent fluorescence intensity and
cell number. After being stained by a primary antibody, the cells were then
stained by a fluorescence-labeled secondary antibody and analyzed by FCM as
described in Materials and Methods.  The left (A, C and E) and right (B, D and
F) panelsindicate the detection of surface and cytoplasmic antigens, respectively.
The antibodies used were raised for TG370 (A and B), for the internal 226
residues of TG741 (C and D) and for the C-terminal 100 residues of TG741 (E
and F).

Fig. 4. Immunohistochemical staining of transmembrane GTPase in representative
examples of adenocarcinoma and SCC of NSCLC. A and B. Tumor tissues of
adenocarcinoma and SCC. C and D. Adjacent norma lung tissues of

adenocarcinoma and SCC (original magnification x 400). The up-regulated
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expression of transmembrane GTPase is detected in tumor tissues (A and B),
whereas type 2 pneumocytes and alveolar macrophages show weak staining and
type 1 pneumocytes appear negative in the pair-wise normal lung tissues (C and

D).
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