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Our previous work has described the gene expression
patterns of human visceral adipose tissue (VAT) at the
transcriptome level and reported that the strongly ex-
pressed genes in VAT showed an uneven distribution
throughout the genome. The aim of the present work
was to focus on the unclassified genes and known ex-
pressed sequence tags (ESTs) strongly expressed in VAT
and analyze their structure and function with bioin-
formatics. Among the 400 ESTs strongly expressed in
the VAT, 340 clones were classified into known genes
through searching the latest Genbank database. Func-
tional classification showed that 85 clones were unclas-
sified known genes, and approx 90% of them were found
to be expressed in adipose tissue for the first time. Among
the 85 unclassified genes, only two share similarities
in the coding sequences with all species examined,
and six genes had so far no obvious similarity to any
genes across different species. The protein products of
7 genes had putative signal peptide and 11 had trans-
membrane domains. The protein products of 39 genes
had relative specific motifs or prosites on primary struc-
ture. In silico Northern blot showed that 21 known ESTs
were abundantly specifically expressed in adipose tis-
sue, which may provide clues to identify novel genes
closely related to adipocyte function with potential
pathophysiological implications.

Key Words: Visceral adipose; cDNA array; unclassified
gene; bioinformatic analysis.

Introduction

In recent years, it has become clear that adipose tissue func-

tions as an endocrine organ and secretes numerous proteins

in response to a variety of stimuli. These proteins, includ-

ing leptin, resistin, adiponectin, acylation-stimulating pro-

tein, tumor necrosis factor-alpha, and interleukin-6, are

involved in glucose and fat metabolism and hence may play

some roles in the development of insulin resistance (1). The

increased visceral adiposity has been shown to be closely

associated with different components of the metabolic syn-

drome and is an important predictor for increased morbid-

ity and mortality from diabetes, certain kinds of cancer, and

coronary heart disease (2). In order to enlarge our knowl-

edge about the physiological functions of visceral adipose

tissue (VAT) and to provide clues for searching novel genes

related to obesity and insulin resistance, we have previously

developed a cDNA array representing over 16,000 clusters

for the study of gene expression profile of human VAT (3).

And we have previously reported that the strongly expressed

genes in VAT showed an uneven distribution throughout

the genome (4). It is important, but difficult, to elucidate the

functions of unclassified genes. The aim of the present work

was to focus on the unclassified genes and known expressed

sequence tags (ESTs) strongly expressed in VAT and to iden-

tify novel important function genes with bioinformatics.

Results

Functional Classification

of Known Genes Strongly Expressed in VAT

Through searching the latest Genbank database, the 400

EST clones strongly expressed in the VAT were classified

into 340 known genes and 60 known ESTs. The known genes

were grouped according to their putative functions (5): cell

division (G1), cell signaling/communication (G2), cell struc-

ture/motility (G3), cell/organism defense (G4), gene expres-

sion (G5), protein expression (G6), metabolism (G7), and

unclassified genes (G8). To our interest, the unclassified

known genes likely represent the novel function of VAT.

The proportions of functional classification showed that G8

was 25% (85 clones). Among the 85 strongly expressed un-

classified known genes, approx 90% were first found to be

expressed in adipose tissue by our group (Table 1).

Structure and Functional Analysis

of Unclassified Known Genes

It is well accepted that homologous genes often share

similarities at sequence and/or functional levels. Members
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Table 2

List of the Abbreviations of Motifs and Structure Features in Table 1

Abbreviation Motifs/Structure

2FE2SF 2Fe-2S ferredoxins, iron-sulfur binding region signature

ANK Ankyrin repeat region

ARM_REPEAT Armadillo/plakoglobin ARM repeat

BRICHOS BRICHOS domain

BSD BSD domain

CARD caspase recruitment domain

CRALT CRAL-TRIO lipid binding domain

CYTO-C Cytochrome c family heme-binding site signature

DAPIN DAPIN domain

DEP DEP domain

DH Dbl homology (DH) domain

DIX DIX domain

DNAJ_1 Nt-dnaJ domain signature

EGF EGF-like domain signature 1

ERT Endoplasmic reticulum targeting sequence

ETS Ets-domain signature 1

FBOX F-box domain

FERM FERM domain signature

GOLD GOLD domain

GRPE grpE protein signature

HECT HECT domain

HLH helix-loop-helix domain

IG_LIKE Ig-like domain

LISH LIS1 homology (LisH) motif

MYB Myb DNA-binding domain repeat signature 1

NACHT NACHT-NTPase domain

PAS PAS repeat

PDZ PDZ domain

PH PH domain

PRELI/MSF1 PRELI/MSF1 domain

PKA Protein kinases ATP-binding region signature

PK Protein kinase domain

PKS Serine/Threonine protein kinases active-site signature

RRM Eukaryotic RNA Recognition Motif (RRM)

RUN RUN domain

S1 S1 domain

SAM SAM domain

SH3 Src homology 3 (SH3) domain

TRG TBC/rab GAP domain

TPR TPR repeat region

TP Tyrosine specific protein phosphatases

TPD Dual specificity protein phosphatase family

UBA Ubiquitin-associated domain (UBA)

UB Ubiquitin domain

UbcE Ubiquitin-conjugating enzymes family

UPF0027 Uncharacterized protein family UPF0027 signature

VWFA VWFA domain

WD Trp-Asp (WD) repeats

WW WW/rsp5/WWP domain signature

ZF_CCHC Zinc finger CCHC-type

ZF_PHD Zinc finger PHD-type signature

ZF_RANBP2 Zinc finger RanBP2-type profile

ZF_RING Zinc finger RING-type signature

ZINC_FINGER_C2H2 Zinc finger C2H2 type domain signature
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belonging to the same gene families could be assumed/deter-

mined with this strategy and conserved genes often show con-

served sequence elements within the important functional

domains or motifs. Based on this consideration, putative genes

from model organisms with completed genome sequence,

including S. cerevisiae, C. elegans, Drosophila, Arabidop-

sis, and mammals (excluding primates) were retrieved to com-

pare the amino acid sequence similarities with those of the

present study (Tables 1 and 2; Fig. 1). Among the 85 un-

classified genes, only two share similarities in the coding

sequences with all species examined, indicating that they are

well-conserved genes and important for cell life. The fact

that six genes had so far no obvious similarity to any genes

across different species implied that they might be func-

tionally specific genes acquired relatively late during evo-

lution. In analyzing the signal peptide and the transmem-

brane domains, the protein products of 7 genes had putative

signal peptide and 11 had transmembrane domains.

Scanning the prosite at the website http://au.expasy.org/

prosite/ showed that the protein products of 39 genes had

relative specific motifs or prosites on primary structure,

excluding patterns with a high probability of occurrence.

The protein products of five genes, namely KIAA1004 (84#),

HBV-associated factor XAP4 (122#), KIAA0191 (182#),

KIAA1333 (270#), HSPC240 (390#), contain zinc finger

signature, suggesting that they are likely novel transcrip-

tion factors or RNA-binding proteins. Slingshot 3 (#277)—

also named FLJ20515, FLJ10928, SSH3—contains dual

specificity phosphatase catalytic domain and Tyr protein

phosphatases. The enzyme’s tertiary fold is highly similar

to that of tyrosine-specific phosphatases, except for a “rec-

ognition” region. KIAA0781 (#58) contains Ser/Thr pro-

tein kinases active-site signature. KIAA0793 (46#) and KIA

A0640 (48#) contain “pleckstrin homology” (PH) domain.

PH doamin’s putative functions have been suggested: bind-

ing to the beta/gamma subunit of heterotrimeric G proteins,

lipids, e.g., phosphatidylinositol-4,5-bisphosphate, or phos-

phorylated Ser/Thr residues. The above-mentioned facts

suggested that they are probably significant signal transduc-

tion molecules.

Expression Pattern of Known

ESTs Strongly Expressed in VAT

In silico Northern blot showed that 21 known ESTs strongly

expressed in VAT were expressed in less than five tissues.

It was notable that three clones, namely, GLCBEA09, MDS

BJC03, MDSBND06, were only expressed in one tissue in

addition to adipose tissue (Table 3), and GLCGIG07 was

only expressed in adipose tissue, liver, and spleen. It is inter-

esting that the expression of GLCGIG07 was much stron-

ger in VAT from obese diabetic patient than that from lean

control, as determined by cDNA array (unpublished data).

Discussion

Since the discovery of leptin in the mid-1990s, adipose

tissue has attracted much attention (6). It has been well

known that adipose tissue plays a major role by secreting

multiple metabolically active factors, which are potentially

responsible for the development of insulin resistance (7).

To provide a catalog of genes expressed in VAT and infor-

mation about their functions, the gene expression profil-

ing of human VAT was established in our previous work.

The results demonstrated that many kinds of genes coding

secretory proteins, receptors, and transcription factors were

identified to be expressed in VAT for the first time. To con-

firm our cDNA array results, VAT of 11 non-obese subjects

were obtained. Two genes coding secretory proteins, namely,

tumor necrosis factor stimulated gene-6 (TSG-6) and fallo-

tein, were selected to verify whether they were expressed

in visceral adipose tissue from different subjects with semi-

quantative RT-PCR. The results showed that both of them

are expressed in the selected adipose tissues (Fig. 2). In

addition, seven genes coding secretory proteins (4) and seven

receptor genes, such as interleukin 18 receptor 1 (IL-18R1),

IL-9R, IL-17R, atrial natriuretic peptide clearance recep-

tor (ANP-C-R), gamma-aminobutyric acid B receptor

(GABA-BR), low-density lipoprotein receptor member LR3

(LDL-LR3), and liver X receptor � (LXR�) were verified

to be expressed in 3T3-L1 adipocytes with RT-PCR (Fig. 3).

The expression profiles of three genes coding secretory pro-

teins, namely TSG-6, fallotein and c-fos-induced growth fac-

tor (FIGF) showed that they were all expressed at relatively

high levels in mouse adipose tissues (Fig. 4).

Among the 400 ESTs strongly expressed in the VAT, 340

clones were classified into known genes through searching

the latest Genbank database. Functional classification showed

that 85 clones were unclassified known genes, and approx

Fig. 1. Homology comparison of unclassified genes to known
genes from different model organisms. The number listed at right
indicates the total number of our unclassified genes having homol-
ogous genes in that organism. S: S. cerevisiae, C: C. elegans, D:
Drosophila, A: Arabidopsis, M: mammals, excluding primates
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10% of them have been previously reported to be expressed

in adipose tissue. One strong challenge to genomic science

presently is to elucidate the functions of newly discovered

unclassified known genes. In the present work, we applied

the currently available bioinformatic tools to analyze the

structural and functional characteristics of each unclassified

known gene. We therefore attempted to evaluate the con-

servation of the sequences through evolution. As a result,

79 genes show >25% similarity at amino acid level to those

identified in organisms including S. cerevisiae, C. elegans,

Drosophila, Arabidopsis, and nonprimate mammals, and no

similarity has been found so far for six genes. It is quite pos-

sible that genes well conserved across a wide range of spe-

cies, such as KIAA0097, GrpE-like 1, HSPC117, may be

derived from the “essential genes.” Although their func-

tions are unknown, this analysis can provide at least the fol-

lowing information: on the one hand, they are most likely to

exert important biological functions; and, on the other hand,

the lower organisms containing homologous sequences can

be used as models in the functional study with gene knock-

out or other methods.

 Searching distinct motifs and domains is another way to

explore the gene function. Scanning the prosite at the web-

site (http://au.expasy.org/prosite/) showed that the protein

products of 39 genes had relative specific motifs or prosites

on primary structure, excluding patterns with a high prob-

ability of occurrence. It is well known that Tyr protein kin-

ases or phosphatases play important roles in insulin signal

transduction pathway, and some Ser/Thr protein kinases

can phosphorylate the Ser/Thr sites of key molecules in in-

sulin signal pathway, which was considered to play an inhib-

itory role in insulin signaling and induce insulin resistance

Fig. 2. Two genes, namely TSG-6 and fallotein, were identified in visceral adipose tissue from different non-obese subjects with semi-
quantitative RT-PCR. The figure demonstrates that both of them are expressed in the visceral adipose tissues from different origins. 1–4:
postmenopausal females, 5–6: premenopausal females, 7–11: males.

Fig. 3. Seven receptor genes (see Discussion) were verified to be expressed in 3T3-L1 adipocytes with RT-PCR. The figure demonstrates
that these genes are all expressed in 3T3-L1 adipocytes.

Fig. 4. The expression profiles of three genes coding secretory proteins were established in mice tissues with semiquantitative RT-PCR.
This figure shows that TSG-6 (A), FIGF (B) and fallotein (C) are all expressed at relatively high levels in mice adipose tissues. Different
GAPDH primers were used in amplifying between fallotein (C) and TSG-6 (A) or FIGF (B).
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(8,9). Slingshot 3 (#277)—also named FLJ20515, FLJ10928,

SSH3—contains dual specificity phosphatase catalytic do-

main and Tyr protein phosphatases. KIAA0781 (#58) con-

tains Ser/Thr protein kinases active-site signature. This struc-

tural characterization suggested that they may be involved

in regulating the insulin signal transduction. Zinc finger

gene family belongs to one of the largest human gene fami-

lies and plays an important role in the regulation of tran-

scription. In the present work, five genes contain zinc finger

signature, suggesting that they are likely novel transcription

factors or RNA-binding proteins.

Of note, in addition to those well-known functional motifs

such as zinc finger signature and PH domain, a putative sig-

nal peptide was found in the protein products of 7 genes,

and 11 had distinct transmembrane domains. This informa-

tion may lead to future work to identify possible secretory

proteins and transmembrane proteins, hence may allow rec-

ognition of new regulatory pathways involved in the metab-

olism and/or differentiation of adipose tissue.

Another stronger challenge was how to deal with the known

ESTs without obvious genes information. Characterization

of gene expression with regard to tissue distribution was car-

ried out in the present work. Genes with ubiquitous expres-

sion are more likely housekeeping genes, whereas genes

whose expression shows tissue specificity may exert func-

tions related to the development and differentiation of a given

tissue or cell population. Because the whole ESTs present

in this work had been already released dbESTs and relevant

information was available in UniGene, the electronic North-

ern blot could give an approximate estimation of the tissue

distribution patterns (10). It has been found that 21 known

ESTs strongly expressed in VAT showed a limited expres-

sion in a small number of tissues, suggesting their relativ-

ely specific expression in VAT. Three clones—GLCBEA09,

MDSBJC03, MDSBND06—were only expressed in one tis-

sue (liver cancer, bone marrow, kidney, respectively) in addi-

tion to adipose tissue. GLCGIG07 was only expressed in

adipose tissue, liver, and spleen. The cloning of the corre-

sponding genes represented by these ESTs and the study of

their function could be helpful for the elucidation of the

pathogenesis of insulin resistance. Certainly, the bioinfor-

matics only provide useful clues for functional analysis and

the exact function should be elucidated by further studies.

Materials and Methods

cDNA Array Construction

In recent years, the gene expression profilings of the hypo-

thalamus–pituitary–adrenal axis (11), CD34(+) hematopoi-

etic stem/progenitor cells (12), the liver and hepatocellular

carcinoma (13) have been established by using ESTs in our

previous work. In total, 99,621 ESTs were obtained and were

assembled into clusters. cDNA clones used as the targets of

the array were mainly taken from our own ESTs libraries

(www.chgc.sh.cn) and only a few clones were purchased from

Research Genetics (Huntsville, AL, USA). The hybridized

membranes were constructed as previously reported (14).

Briefly, over 16,000 cDNA fragments were amplified and

verified by gel electrophoresis. The average length of the

cDNA fragments was approx 1 kb. PCR products were pre-

cipitated in isopropanol, redissolved in 10 µL of denaturing

buffer (1.5 M NaCl, 0.5 M NaOH), and spotted on 8 � 12

cm Hybond-N nylon membranes (Amersham Pharmacia,

Buckinghamshire, UK) using an arrayer (BioRobotics, Cam-

bridge, UK). Each spot carried approx 100 nL in volume

and was 0.4 mm in diameter, and each cDNA fragment was

placed in two different spots (double-offset). Lambda phage

and pUC18 vector DNA were spotted as negative controls.

Eight housekeeping genes encoding ribosomal protein S9

(RPS9), �-actin (ACTB), glyceraldehyde-3-phosphate de-

hydrogenase, hypoxanthine phosphoribosyltransferase 1, Mr

23,000 highly basic protein (RPL3A), ubiquitin C, phospho-

lipase A2, and ubiquitin thiolesterase (UCHL1) were evenly

distributed, and each was spotted on 8 � 12 cm array in 12

places as an intramembrane control. Hybridization data were

considered invalid if among the 12 spots representing the

same gene the intensity of the darkest spot exceeded 1.5-fold

of the weakest one (14).

RNA Extraction and Probe Preparation

Abdominal omental adipose tissue was obtained from a

non-obese subject (female, 59 yr old) while undergoing elec-

tive abdominal surgery. Total RNA was extracted using stan-

dard Trizol RNA isolation protocol (Life Technologies, Inc.,

Grand Island, NY). Approximately 10 µg total RNA were

labeled in a reverse transcription reaction in the presence of

100 µCi [�-33P]deoxycytosine 5'-triphosphate (DuPont.NEN,

Boston, MA) using superscript II reverse transcriptase (GIBCO

BRL).

Hybridization and Image Procession

Prehybridization was carried out in 10 mL of prehy-

bridization solution (6X SSC, 0.5% SDS, 5X Denhardt’s,

and 100 µg/mL denatured salmon sperm DNA, 0.5 µg/mL

Cot-1 DNA, 0.5 µg/mL polydA) at 68°C for 3 h. Overnight

hybridization was carried out with the 33P-labeled cDNA in

the same condition. The membrane was washed three times

at 68°C with 2X SSC/1% SDS for 30 min, followed by 0.1X

SSC/0.5% SDS at 68°C for 15 min. The membrane was

exposed on a PhosphorImager screen (Molecular Dynam-

ics Inc, Sunnyvale, CA) for 48 h. Radioactive intensity of

each spot was linearly digitalized to 65,500 gray-grade in

a pixel size of 50 µm in an Image Reader and recorded using

ImageQuant and Array Vision 5.1 (Molecular Dynamics).

Normalization among arrays was based on the sum of back-

ground-subtracted signals from all genes on the membrane.

To decrease the experimental error, hybridizations were car-

ried out two times and the average gray levels of the four

spots representing the same gene were calculated.
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Structure and Function Analysis with Bioinformatics

The 400 EST clones with the highest signals on the mem-

brane were further analyzed with bioinformatics. Known

genes and known ESTs were differentiated through search-

ing the latest Genbank database with BLAST software (www.

ncbi.nlm.nih.gov/BLAST). The known genes were divided

into eight categories according to their putative functions.

The putative function of identified genes was determined

by searching the PubMed database (www.ncbi.nlm.nih.gov/

PubMed) and its annotation in Genbank. Prosite (http://au.

expasy.org/prosite/) was explored to scan for the motifs on

primary structure of the unclassified genes. Signal P (http:

//www.cbs.dtu.dk/services/SignalP-2.0) and TMHMM

(http://www.cbs.dtu.dk/services/TMHMM-2.0) were used

to predict the signal peptide and the �-helix transmem-

brane domains in those unclassified genes so as to explore

the secretory or membrane anchored proteins (15). All amino

acid sequences encoded by the unclassified genes were

searched in the nucleic acid sequence subdatabases of some

important model organisms such as S. cerevisiae, C. elegans,

Drosophila, Arabidopsis, and mammals (excluding primates)

with tblastn (http://www.ncbi.nlm.nih.gov/BLAST). In this

study, two amino acid sequences were considered as homo-

logs when they share a similarity >25% over a region of

50–100 amino acids and the Z-score value was >200. Based

on the percentages of sequence identity, these homologs

were divided into three groups: 25–50%, 50–75%, 75–

100% (15,16).

In Silico Northern Blot

The expression pattern of known ESTs strongly expressed

in VAT were analyzed by searching the latest human ESTs

database (www.ncbi.nlm.nih.gov/BLAST) and UniGene

database (www.ncbi.nlm.nih.gov/UniGene). The numbers

shown in Table 3 represent the expression copies of the EST

in corresponding tissues.

3T3-L1 Cell Line Culture

3T3-L1 fibroblasts were cultured and differentiated into

adipocytes as previously described (3,4). In short, cells were

grown to confluence in Dulbecco’s minimal essential me-

dium (DMEM) containing 25 mmol/L glucose and 10% fetal

bovine serum (FBS) at 37°C in a humidified atmosphere

containing 5% CO2. Two days after confluence, cells were

placed in DMEM containing 25 mmol/L glucose, 0.5 mmol/

L isobutylmethylxanthine, 1 µmol/L dexamethasone, 10 µg/

mL insulin, and 10% FBS for 48 h and then in DMEM con-

taining 25 mmol/L glucose, 10 µg/mL insulin, and 10% FBS

for 48 h. Thereafter, cells were maintained in and refed

every 2 d with DMEM, 25 mmol/L glucose, and 10% FBS

until they were used in experiments, when from 90% to 95%

of the cells exhibited adipocyte phenotype.

RT-PCR and Semiquantative RT-PCR

To confirm our cDNA array results, the VAT of 11 non-

obese subjects (4 postmenopausal females, 2 premenopau-

sal females, and 5 males) were obtained. Total RNA of the

adipose tissues or 3T3-L1 adipocytes was extracted as pre-

viously described. Two genes coding secretory proteins,

namely, TSG-6 and fallotein, were selected to verify whether

they were expressed in visceral adipose tissue from differ-

ent subjects with semiquantative RT-PCR. Seven receptor

genes were selected and verified to be expressed in 3T3-L1

adipocytes with RT-PCR. The expression profiles of three

genes coding secretory proteins were established in mice

tissues with semiquantitative RT-PCR.

For RT-PCR or semiquantitative RT-PCR analysis, first-

strand cDNAs were synthesized from total RNA (1–2 µg)

of the visceral adipose tissues or 3T3-L1 adipocytes using

oligo-dT (Promega). The resulting cDNAs were amplified

by RT-PCR using the specific primers. Human beta-actin

or mouse GAPDH were used as internal control in the semi-

quantitative RT-PCR reactions. PCR conditions were as

follows: 1 cycle of 94°C, 3 min; 30 cycles of 94°C, 30 s, 52–

58°C, 45 s, 72°C, 45 s; and 1 cycle of 72°C, 10 min. For

semiquantitative RT-PCR, 25–28 cycles were performed.
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