SCIENCE CHINA
Life Sciences

* RESEARCH PAPER -

March 2012 Vol.55 No.3: 268-282

doi: 10.1007/s11427-012-4299-6

Literature and patent analysis of the cloning and identification
of human functional genes in China

XIA Yan', TANG LiSha', YAO Lei', WAN Bo', YANG XianMei' & YU Long"*’

'State Key Laboratory of Genetic Engineering, School of Life Sciences, Fudan University, Shanghai 200433, China;
2Institutes of Biomedical Sciences, Fudan University, Shanghai 200032, China

Received August 27, 2011; accepted October 13, 2011

The Human Genome Project was launched at the end of the 1980s. Since then, the cloning and identification of functional
genes has been a major focus of research across the world. In China too, the potentially profound impact of such studies on the
life sciences and on human health was realized, and relevant studies were initiated in the 1990s. To advance China’s involve-
ment in the Human Genome Project, in the mid-1990s, Committee of Experts in Biology from National High Technology Re-
search and Development Program of China (863 Program) proposed the “two 1%” goal. This goal envisaged China contrib-
uting 1% of the total sequencing work, and cloning and identifying 1% of the total human functional genes. Over the past 20
years, tremendous achievement has been accomplished by Chinese scientists. It is well known that scientists in China finished
the 1% of sequencing work of the Human Genome Project, whereas, there is no comprehensive report about “whether China
had finished cloning and identifying 1% of human functional genes”. In the present study, the GenBank database at the Na-
tional Center of Biotechnology Information, the PubMed search tool, and the patent database of the State Intellectual Property
Office, China, were used to retrieve entries based on two screening standards: (i) Were the newly cloned and identified genes
first reported by Chinese scientists? (ii) Were the Chinese scientists awarded the gene sequence patent? Entries were retrieved
from the databases up to the cut-off date of 30 June 2011 and the obtained data were analyzed further. The results showed that
589 new human functional genes were first reported by Chinese scientists and 159 gene sequences were patented
(http://gene.fudan.sh.cn/ introduction/database/chinagene/chinagene.html). This study systematically summarizes China’s con-
tributions to human functional genomics research and answers the question “has China finished cloning and identifying 1% of
human functional genes?” in the affirmative.

gene cloning, gene identification, human functional gene

Citation:  Xia Y, Tang L S, Yao L, et al. Literature and patent analysis of the cloning and identification of human functional genes in China. Sci China Life Sci,

2012, 55: 268-282, doi: 10.1007/511427-012-4299-6

DNA sequencing began in the early 1970s [1,2]. However,
it was only after Sanger et al. [3] introduced the dide-
oxy-mediated chain-termination method that the efficiency
and accuracy of DNA sequencing increased dramatically.
Subsequent breakthroughs in sequencing technologies led in
1985 to some US scientists suggesting that the sequencing
of the human genome would now be possible. And so it was,
in 1990, that scientists from different countries officially
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launched the Human Genome Project (HGP). On 26 June
2000, China, the United States, Britain, Japan, Germany and
France declared the publication of a working draft of the
human genome. In April 2003, a fine-scale genetic map of
the human genome was published [4]. These achievements
are of historic significance to the development of the life
sciences and health care. China joined the HGP in Septem-
ber 1999 and accepted the job of sequencing approximately
30 Mb on the short arm of chromosome 3 (human); this
accounted for 1% of the human genome. Although the hu-
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man genome sequence is now almost complete, it does not
mean that the functions of the genes have been fully under-
stood. The predicted number of human functional genes has
dropped from 100000 to 30000; however, studies on gene
functions lag far behind the sequencing work of the genome.
Clearly, the study of gene functions will be at the core of
the life science for a very long time to come.

Gene cloning and identification are essential steps in the
study of gene function. Long before the initiation of HGP,
scientists had begun to clone and identify human functional
genes. The human growth hormone [5] and human fetal
gamma globulin [6] were among some of the first genes to
be cloned and identified. Later, advances in sequencing
techniques and computer sciences helped accelerate the
cloning and identification of genes. The advent of in silico
cloning also greatly expedited human genomics research.
Recently, the emergence of large-scale, high throughput
genomic sequencing techniques have meant that more com-
plete genomic sequences are being determined and this in-
formation has significantly contributed to the cloning and
identification of human functional genes.

Chinese scientists began to clone and identify human
functional genes in the early 1990s [7,8], but progress was
slow. In the mid-1990s, a Committee of Experts in Biology
from the National High Technology Research and Devel-
opment Program (863 Program) proposed the “two 1%”
goal which involved the inclusion of China in the HGP by
contributing 1% of the total sequencing work, and by clon-
ing and identifying 1% of the total human functional genes.
With the support of the Ministry of Science and Technology
of China and the National Natural Science Foundation of
China, equipment and scientific research personnel for hu-
man gene cloning and identification increased substantially.
As a result of this support, developments in gene cloning
and identification started to accelerate in China and China’s
work in functional genomics caught up with the rest of the
world.

Because of its profound scientific research value and
economic interests, governments and multinational enter-
prises have invested large amounts of manpower and money
into human functional genomics research. The Chinese
government and related research institutes have also paid
much attention to the study of human functional genomics.
However, no comprehensive report concerning the current
status of human functional genomics research in China is
currently available. To elucidate China’s progress in human
genomics eleven years after the completion of the first
working draft of the human genome sequence, the present
study aimed to ascertain which of the human functional
genes were first cloned and identified by Chinese research-
ers. Databases were searched using two screening standards:
(1) Were the new genes that were published in international
journals, first cloned and identified by Chinese scientists?
(i) Were the genes patented? A summary of China’s ac-
complishment in cloning and identifying human functional
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genes is presented here.

1 Materials and methods

Human genome data were downloaded from the National
Center of Biotechnology Information (NCBI) server
(ftp://ftp.ncbi.nih.gov/genomes/H_sapiens/). The human
genome data was analyzed and protein coding sequences
and their Accession Numbers were obtained. The Accession
Numbers were searched against the GenBank database and
the retrieved entries were checked to find whether or not
they were annotated with literature references; entries with
no literature references were excluded from the analysis.
Other literature references that were excluded reported only
large-scale sequencing, databases, network regulation and
control, gene mutations or mononucleotide polymorphisms,
cloning of gene promoters, pseudogenes, spliced variants of
the same gene, isomers and/or non-human genes. From the
list of screened literature, the first paper on a particular gene
that was published after 1985 was assumed to be the first
report of that gene’s cloning and identification. The first
named institution, the authors’ country and other infor-
mation were retrieved from PubMed using the search sys-
tem. The genes that were first reported by Chinese scientists
were listed, and each one was manually checked. The col-
lected data was then used to identify research groups that
had multiple publications. Next, we used the corresponding
authors’ name and affiliation as keywords in the PubMed
search system to retrieve additional papers that reported the
first time cloning and/or identification of a human gene by
Chinese researchers. We used the keywords polynucleotide,
polypeptide, and sequence in an advanced search of the ab-
stract to retrieve records from the patent database of the
State Intellectual Property Office of China (http://www.
sipo.gov.cn/) about patents that were issued for human
functional gene sequences. Unauthorized patents and patent
applications not made by China agencies were excluded.
Inventors with multiple patents were listed and their names
were used as keywords to search the patent database once
again. All the retrieved data were combined to obtain a data
set that contained human functional genes that had been
cloned and identified by Chinese scientists working in Chi-
na. Then all the results in the final data set were manually
checked before being analyzed.

2 Results
2.1 Reported genes

The human genome data that was downloaded from the
NCBI server contained 43159 genes with sequences that
were clearly annotated as protein-coding, RNA gene or
pseudogene, and others. There were 34511 protein-coding
genes in the data set. To understand the work of each coun-
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try in cloning and identifying human functional genes, the
17428 protein-coding genes that had literature annotations
were manually screened and, after screening with the pre-
vious standards, 14944 human protein-coding genes were
obtained. By identifying the country of the first named in-
stitution that first reported a particular gene, we obtained a
rough estimate of the contribution of each country to clon-
ing and identifying human functional genes (Figure 1B).

The six countries that participated in the HGP (United
States, Japan, Germany, Britain, France and China) cloned
and identified 76.01% of the estimated number of human
functional genes. By taking part in the HGP, these countries
developed and demonstrated their advantage in cloning and
identifying human functional genes.

The literature annotation obtained using the NCBI human
genomic Accession Numbers is incomplete because of the
complexity and lag time of the literature annotations being
entered into the database. As a result, many genes are either
not annotated or only partially annotated. To find more in-
formation on the Chinese contribution to functional gene
cloning, a list of corresponding authors with many pub-
lished papers and their affiliations were extracted from the
existing literature annotations. The names and affiliations
were used as keywords in the PubMed search system to
retrieve additional relevant papers and human functional
genes that were first reported by Chinese scientists. The
results of this search complemented the result first obtained
by searching GenBank.

Until 30 June 2011, 544 papers by Chinese scientists re-
ported, for the first time, the cloning and identification of
589 new human functional genes (http://gene.fudan.sh.
cn/introduction/database/chinagene/chinagene.html). Of the
589 genes, 523 were cloned in mainland China, 25 in Hong
Kong and 41 in Taiwan (Figure 2A). The 544 papers were
analyzed in terms of impact factor (IF), number of times
cited, year of publication, first named institution in the pub-
lication, and gene function (based on the Gene Ontology).
The number of times the paper was cited was obtained from
the Web of Knowledge (http://apps.webofknowledge.com/);
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the data are collected up to 30 June 2011. The IF was ob-
tained from the Web of Knowledge, Journal Citation Re-
ports, Science; the IF for 2010 was used in this study.

A study on the gene NYD-SP27 [10] conducted by scien-
tists at the Chinese University of Hong Kong in 2003 was
published in Lancet (IF=33.633). This journal has the high-
est IF of all the journals in which Chinese scientists have
reported (for the first time) the cloning and identification of
a new gene. In general, more than half (342/544) these re-
ports were published in low-IF journals (IF=1-5). Only 14
papers (2.57%) were published in journals with an IF higher
than 10; they included 11 papers published by researchers in
mainland China. These 11 papers reported the genes Apak
[11], OLCI [12], LPTS [13], LZP [14], ALCI [15], Hsp70L1
[16], KLRLI [17], HAPO [18], ZBTB16 [19], SIKEI [20]
and SIP [21]; of these, the Apak [11] study was published in
the journal with the highest IF (Nature Cell Biology,
IF=19.407). Up until 30 June 2011, together these papers
had been cited 5909, an average of 10.9 times per paper
(Figure 2C). In 1993, a research group led by Chen Zhu
from the Ruijin Hospital, Shanghai Jiao Tong University
reported the cloning and identification of the gene ZBTBI6
and its role in acute promyelocytic leukemia in EMBO
Journal [19]; of all the 544 first report papers, this one has
been cited the most number of times (447 times). However,
72.06% (392/544) of the papers have been cited less than 10
times and 91 papers have never been cited; this observation
reflects a lack of influence of the results of these reports.

Of the 43 papers that have been cited more than 30 times,
32 were published from mainland China (74.4%). The re-
ported genes include ZBTBI16 [19], NDRG2 [22], and
TRAF19 [23], among others. Chinese scientists started to
report the cloning and identification of human functional
genes in the 1990s (Figure 2D). In 1990, a group led by
Zhong BangZhu from the Institute of Biochemistry and Cell
Biology, Academia Sinica, Taiwan, studied the structure,
sequencing, chromosome localization and evolution of the
FDXI gene from the human ferredoxin gene family [7].
Their work was the first Chinese study to be recorded in the
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Figure 1 Comparison of the work of different countries in sequencing, cloning and identification of human functional genes (till 30 June 2011). A, Se-

quencing finished by the different countries in the HGP [9]. China undertook the sequencing of 30 Mb of the DNA on the short arm of chromosome 3; ap-

proximately 1% of the total human genome sequence. B, Number of genes cloned and identified by the different countries: US 6143, Japan 1971, Germany

1118, Britain 927, France 677, Mainland China about 523, Canada about 481, Italy about 307, and other countries and regions 2797. Mainland China is
ranked number 6 in the list of countries involved in the HGP.
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Figure 2 Analysis of the literature in which human functional genes first cloned and identified by Chinese scientists were reported (till 30 June 2011). A,

Number of genes that were reported from the different locations. Shanghai accounts for 45.84% and is followed by Beijing and Changsha. B, The impact

factor (IF) of the journals in which the reports were first published. Most of the papers (84.56%) were published in journals with a low IF (IF<5). C, The

number of times a paper has been cited. 66 papers have been cited more than 20 times; however, most (72.06%) have been cited less than 10 times. D,
Number of papers published by year of publication. The largest number of publications appeared in 2003.

NCBI database. The first study from mainland China was
conducted by a group led by Wang LinFang from the Chi-
nese Academy of Medical Sciences. They successfully
cloned an infertility associated gene HSD-3.8 encoding a
testis-specific protein [8]. The work of cloning and identi-
fying human functional genes that has been carried out in
China could be divided into three stages: (i) Before 1999,
only a few papers were published and most research groups
were still learning; (ii) from 2000 to 2003, as technology
platforms in the various laboratories improved, more genes
were being reported first by Chinese researchers; and (iii)
after 2004, as the cloning and identification of human func-
tional genes ceased to be the focus of scientific research, the
number of papers in the field declined. The focus has now
transferred to the study of the biological function of these
genes. Quite early on, researchers at Fudan University in
Shanghai established various human cDNA libraries and
implemented large-scale sequencing analyses; as a result, 175
articles reporting gene cloning and identification have been
published. A total of 192 human functional genes have been

reported; most of them were studied at the State Key Labora-
tory of Genetic Engineering, Fudan University (Table 1). In

Table 1 Number of papers and genes published by Chinese scientists on
the cloning and identification of human functional genes (till 30 June 2011)

First named institution ;\fh;)T;):rrs (iju;elgzz

Fudan University 175 192

Peking University 39 54

Chinese Academy of Medical Sciences 39 39
Hunan Normal University 33 34

Second Military Medical University of PLA 32 32
Central South University 23 23
Shanghai ‘Institutes for Biologi;al Sciences, 18 18

Chinese Academy of Sciences

Shanghai Jiao Tong University 15 15
Nanjing Medical University 14 14
Beijing Institute of Radiation Medicine 12 14
Hong Kong and Taiwan 63 66

Others 81 88

Total 544 589
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the present study, we performed a Gene Ontology [24]
analysis on the human functional genes first cloned and
identified by Chinese researchers. We also conducted a sta-
tistical analysis of these genes and analyzed their function at
the molecular level (Figure 3A), their biological function at
the cellular level (Figure 3B), and/or their possible macro-
scopic biological functions by referring to relevant literature
(Figure 3C).

2.2 Human functional genes reported in authorized
patents

Many foreign corporations and enterprises have registered a
succession of human functional gene for patents. Because of
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the importance of filing patent applications for human func-
tional genes with potentially valuable applications, scien-
tific research institutions and companies in China also be-
gan to apply for gene patents. A search of the patent data-
base of the State Intellectual Property Office of China
(http://gene.fudan.sh.cn/introduction/database/chinagene/chi
nagene.html) up until 30 June 2011, found 159 human gene
sequences that had been patented by Chinese scientists.
Most of the agencies and companies that had applied for
patents had substantial scientific research resources and
were located in Shanghai or Beijing (Figure 4A). Applica-
tions for tumor-associated genes were the highest; these
were followed by immunity-associated genes (Figure 4B).
In addition, most of the patent applications came from sci-
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Figure 3 Classification of human functional genes cloned and identified by Chinese scientists at the molecular, cellular and macroscopic function levels. A,
Gene ontology classification of the functions of the genes at the molecular level. B, Gene ontology classification of the functions of the genes at the cellular
level. C, Classification of the possible macroscopic biological functions of the genes from information in the published literature.
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entific research institutions rather than from enterprises
(Figure 4C). A group led by Gu Jianren (major inventor)
has been awarded 50 patents for gene sequences (Table 2)
most of which were liver cancer-associated markers or can-
cer suppressor genes. Of the 159 patented gene sequences,
25 received patents from United States [25-49], three re-
ceived patents from European Union [50-52] and two from
Canada [53,54].

3 Discussion

In this study, the Chinese contribution to human functional
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gene cloning and identification in the past 20 years has been
reviewed. By collecting and analyzing articles (first pub-
lished by Chinese scientists) and issued patents, we discov-
ered that Chinese scientists have achieved a lot in the fields
of tumor, reproduction, immunity and development. Some
representative achievements are described in this section.
Some of the 192 new human functional genes first re-
ported by researchers at the State Key Laboratory of Genet-
ic Engineering, Fudan University are described here. TRPTI
[55] encodes tRNA 2'-phosphotransferase which partici-
pates in the splicing and maturity of pre-tRNA’s and com-
plements the tpz/ mutation in Saccharomyces cerevisiae;
ITPA, [56] cloned from a human fetal brain cDNA library,
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Figure 4 Patents for human functional genes issued to Chinese scientists. A, Regions in China from which patent applications for human functional genes
were filed. B, Patents classified according to the functions of the patented genes. C, Patents classified according to the source of the application.

Table 2 Number of patent applications and issued patents for gene sequences from the Chinese and international patent databases

Issued gene sequence patent

Major inventor

Issued patents
from China

Issued gene sequence
patents from China

Applicants (patent holder)

from foreign countries

School/scientific

research institution Enterprise usS EU Canada
Gu JianRen 57 50 30 20 2 0 0
Yu Long 39 14 11 3 7 3 2
Cao XueTao 19 14 14 0 0 0 0
Ma DaLong 20 6 5 1 2 0 0
Chang ZhiJie 20 5 5 0 1 0 0
Zhao MuJun 7 4 4 0 1 0 0
Wang HongYang 4 3 3 0 0 0 0
Wu XiuShan 2 2 2 0 0 0 0
He Lin 15 2 2 0 0 0 0
He FuChu 6 1 1 0 0 0 0
Mao YuMing 10 0 0 0 12 0 0
Others 58 48 10 - - -
Total 159 125 34 25 3 2
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encodes inosine triphosphate pyrophosphatase which can
eliminate minor potentially mutagenic or clastogenic purine
nucleoside triphosphates from the cell; PKIB and PKIG [57]
encode genes that belong to the human cAMP-dependent
protein kinase inhibitor (PKI) family and regulate the activ-
ity of cAMP-dependent protein kinase; ATP5E [58] encodes
the epsilon subunit of human ATP synthase; and CRYLI
[59] displays a much lower expression level in liver cancer
tissue than in normal liver tissue. CRYLI was found to be
down-regulated in 58% of 60 Chinese human hepatocellular
carcinoma (HCC) tissue samples, suggesting that it might
be a candidate cancer suppressor gene. In addition, nine
small GTPases [60] were cloned and identified, and they
were shown to participate in vesicle transportation which is
responsible for the maintenance of normal liver function.
The GTPases were also found to exhibit changes in expres-
sion in multiple liver cancer samples; in addition, the ex-
pression level of PPAPDCIB was found to be much lower
in metastatic tumor tissues than in primary HCC tissues.
Both in vitro and in vivo assays suggested that PPAPDCIB
could suppress the invasion and metastasis of HCC and it
was proposed that PPAPDCIB could be a novel metastatic
suppressor gene for HCC [61]. The proteins encoded by
MAPILC3A, MAPILC3B and MAPILC3C participate in
cellular autophagy and a new post-translational modifica-
tion mechanism of the MAP1LC3B protein was discovered
[62]. Using a human fetal brain cDNA library, a number of
brain development associated genes were identified; they
include BTBDS [63], Cl4orf5 [64], C4orfI3 [65], and
SECI4L3 [66]. Moreover, HNI and HNIL were proposed to
be involved in embryo development [67]. A number of re-
production-associated genes were cloned; for example,
PPP3RL [68] was found to play an important role in the
testicular maturation and spermatogenesis, and the NDRG3
[69] mRNA was localized to the outer layers of seminifer-
ous epithelium. Therefore, it is supposed that NDRG3 is
related to spermatogenesis. Moreover, one of the groups led
by Yu Long was awarded 14 patents for new human genes
that include LYC1 [70], LYC2 [71], and LYC3 [72] which
belong to the lysosome gene family and human UMP-CMP
kinase [73].

At the Institute of Hematology, Ruijin Hospital, Shang-
hai Jiao Tong University, researchers studied leukemia and
elucidated the important role of ZBTB16 in the onset of
acute promyelocytic leukemia (APL) [19]. This discovery
was a major breakthrough in the study of APL. In addition,
the IFIT3 [74], and LY6E [75] genes that were found to fa-
cilitate differentiation during the induction treatment of
APL using all-trans retinoic acid (ATRA) were cloned and
identified. This was a significant contribution to the under-
standing of the cellular and molecular mechanism of APL
which helped modify the treatment strategy. Researchers at
the Shanghai Cancer Institute performed large-scale se-
quencing of the genomic DNA on the short arm of chromo-
some 17. As a result of this work, many genes related to the
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genesis of liver cancer, including RNMTLI [76], GLOD4
[77], and HCCSI [78], have been identified and a large
number of patents associated with the diagnosis and treat-
ment of liver cancer have been issued. For example,
MAGEDI [79] and TSPI [80] are novel markers for liver
cancer that can be used in its diagnosis, and BNIPL that can
suppress the growth of HCC cells and promote its apoptosis
[81]. LZP [14] was cloned at the Chinese National Human
Genome Center, Shanghai, and the data suggest that LZP
encodes a liver-specific protein that may be involved in
hepatocellular function and development; it was proposed
that the LZP protein could be a potential negative biomarker
for HCC pathologic diagnosis. In addition, six zinc finger
protein genes that participate in the regulation of transcrip-
tion were cloned from a hematopoietic cell line [82].

Researchers at the Institute of Biochemistry and Cell Bi-
ology, Shanghai Institute of Biological Sciences, Chinese
Academy of Sciences identified BTBD7 as a new gene re-
lated to the tumorigenesis of HCC. Relevant studies showed
that it could stimulate NIH3T3 cell proliferation and tumor
formation in nude mice [83]. By representational difference
analysis (RDA), a novel human gene SVH that was
up-regulated in a clinical HCC sample was identified. SVH
has four splicing variants, SVH-A, SVH-B, SVH-C and
SVH-D; however, experimental results showed that only
SVH-B seemed to play an important role in hepatocarcino-
genesis [84]. Two genes located in the region of the short
arm of chromosome 8 have also been cloned, and in human
hepatocellular carcinoma, this region was found to show a
rapid loss of heterozygosity. Experimental evidence that
LPTS [13] and VPS37A [85] encode growth inhibitory pro-
teins for human liver cancer cells and that VPS37A is asso-
ciated with the decreasing of the invasion of HCC cells was
also reported. In addition, it was found that DEFBIIS is
specifically expressed in the epididymis where it can pro-
mote fertility by protecting sperm against attack by bacteria
or viruses in the male and female reproductive tracts [86].
Human Pifl encodes a helicase that reduces telomerase
processivity and unwinds the DNA/RNA duplex in vitro,
and it was proposed that the mechanism by which human
Pif1 inhibits telomerase probably involves unwinding of the
DNA/RNA duplex [87]. CIDE-3 encodes a novel family
member of cell-death-inducing DFF45-like effectors (CI-
DEs), induces cellular apoptosis, and might play a vital role
in the prevention of tumorigenesis [88]. Furthermore, a
team led by Zhao MuJun (major inventor) applied for and
received a patent for LRTM4 protein, a liver regenera-
tion-associated protein that could be used to repair liver
injuries [89]. This team also received patents for the novel
human liver cancer-associated suppressor genes LPTS [90]
and HCRPI [91].

Researchers at the Second Military Medical University of
the People’s Liberation Army performed large-scale EST
sequencing and analysis on bone marrow stromal cells and
dendritic cells. A large number of functional genes related
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to the immune system were cloned and some of them are
described here. Hsp70L1 encodes a heat shock protein that
can activate dendritic cells; it was suggested that the
Hsp70L1 antigen peptide hybrid may serve as a more effec-
tive vaccine for the control of cancer and infectious diseases
[16]. KLRLI is a novel inhibitory natural killer (NK) cell
receptor that may play an important role in the regulation of
NK-mediated cytotoxicity [17]. SLAMF9 may be involved
in the immune response [92]. CXCLI4 [93] encodes a novel
CXC chemokine macrophage inflammatory protein-2
gamma chemoattractant for human neutrophils and dendritic
cells. Siglec-10 [94], DPK [95] and DPZF [96] were cloned
from dendritic cells; Siglec-10 might be involved in cell-cell
recognition in specific cell populations and DPK that en-
codes a new dendritic cell-derived protein kinase was re-
ported to participate in signal transduction. DPK was able to
activate both the ERK1/ERK2 and SAPK pathways in a
dose-dependent manner, but it had no effect on the p38
pathway. DPZF (which shares homology with BCL-6) en-
codes the BTB/POZ zinc finger protein transcription factor
and is thought to take part in hematopoiesis, oncogenesis
and immune responses. Additionally, human CaMKIINal-
pha [97] and IPP5 [98] were cloned from bone marrow
stromal cells. CaMKIINalpha encodes a novel endogenous
human CaMKII (calcium dependent protein kinase) inhibi-
tory protein that can suppress tumor growth by inducing cell
cycle arrest via p27 stabilization. IPP5 encodes an inhibito-
ry protein of PPI (protein phosphatase 1) that can promote
tumor cell growth and cell cycle progression; this gene may
be a promising target in cancer therapeutics in IPP5-highly
expressing tumor cells. BTBDI10 was screened from a hu-
man fetal brain cDNA library and cDNA microarray analy-
sis showed that BTBDI0 was down-regulated in glioma
cells and its expression was different in various grades of
glioma [99]. Another gene, NBEALI [100], was found to be
highly expressed in the biopsies of different grade glioma,
especially in lower grade tissue samples; therefore, it was
suggested that NBEALI might be correlative with glioma. In
addition, a team led by Cao XueTao (major inventor) re-
ceived 14 patents for new human genes that included the
genes that encode the cytokine IFL protein and the macro-
phage inflammatory protein (MIP)-2y. It was proposed that
the IFL protein could be used to treat various diseases such
as viral infection, tumor, and immune hypofunction [101]
while, the new chemokine, MIP-2y could be used to treat a
large number of diseases such as neutropenia or hypofunc-
tion of neutrophils, tumors, and autoimmune disease [102].
At the Human Disease Genomic Research Center of Pe-
king University, researchers cloned and identified a series
of cytokine and cellular apoptosis-associated genes. For
example, CKLF is a chemokine-like factor that plays an
important role in inflammation and in the regeneration of
skeletal muscle [103] and CKLFSFI-CKLFSF8 are eight
genes that encode chemokine-like factor superfamily mem-
bers 1-8 [104]. When the TFARI9 gene from TF-1 cells
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undergoing apoptosis was over-expressed in tumor cells, it
enhanced apoptosis triggered by growth factor or serum
deprivation; therefore, it was proposed that TFARI9 may
play a general role in the apoptotic process [23]. AMID en-
codes an apoptosis-inducing factor-homologous mitochon-
drion-associated protein that induces caspase-independent
apoptosis [105]. Researchers at the center also discovered a
series of genes associated with immune response. For ex-
ample, SIKEl encodes a physiological suppressor of
IKKepsilon and TBKI encodes a protein that plays an inhib-
itory role in virus- and TLR3-triggered IRF-3 but not
NF-kappaB activation pathways [20]. RNF216 [106] and
SINK [107] encode proteins that have similar functions;
both proteins are inhibitors of the NF-kappa B activation
pathway. Furthermore, p42.3 was reported to be specifically
expressed in GC (gastric cancer) tumors and not in normal
gastric mucosa and the protein that it encodes was associat-
ed with M-phase regulation. Moreover, p42.3 might be in-
volved in cell proliferation and tumorigenesis; therefore,
this gene is thought to have potential applications in the
diagnosis or treatment of GC [108]. Moreover, a group led
by Ma Dalong received various patents including the
chemokine-like factor superfamily that can stimulate the
activity of skeletal muscle and have an immunomodulatory
effect [109], chemokine-like factor CKLF1 with cellular
chemotactic and hematopoiesis-stimulating effects [110],
and cytokine CKLF-H1A [111] with hematopoiesis-stimu-
lating and immunomodulation effects.

At the Peking University Health Science Center, re-
searchers performed the large-scale identification of human
hepatocellular carcinoma-associated antigens using sero-
logical analysis of recombinant cDNA expression libraries
(SEREX). Their experimental results on tumor Ags in HCC
provided candidates for immunological applications and
revealed molecular features that may help in understanding
tumorigenicity [112]. In addition, SIP that encodes a novel
ankyrin repeat containing protein that sequesters steroid
receptor coactivators (SRCs) in the cytoplasm and buffers
the availability of these coactivators was identified; thus,
providing a possible mechanism for the regulation of the
transcription regulators [21]. ZIP [113] encodes a novel
transcription repressor that is a potential tumor suppressor.
Further, some of the experimental findings that have been
reported may shed new light on the EGFR-related breast
carcinogenesis and might offer a new potential target for
breast cancer therapy. FAMS83A, a novel human tu-
mor-specific gene, has potential as a biomarker of lung
cancer [114] and LAPTM4B [115] is a potential proto-
oncogene whose over-expression is involved in carcinogen-
esis and the progression of HCC. In normal cells,
LAPTM4B may also play important roles in, for example,
the regulation of cell proliferation and survival.

Researchers at the Institute of Basic Medical Sciences,
Chinese Academy of Medical Sciences have cloned a large
number of spermatogenesis-related genes; for example,
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SPATA?7 that encodes a meiotic-related protein expressed in
rat and human testis [116]; ZYX that encodes a protein that
is linked to sperm maturation and capacitation [117]; VCX/Y
that encodes a protein that might participate in regulating
the assembly of ribosomes during spermatogenesis [118];
RGPD5 whose mRNA is expressed only in germ cells at all
stages of spermatogenesis and is closely associated with
spermatogenesis [119]; and BS-63 that encodes a protein
that acts as a carrier system in transporting aF10 into the
nucleus of germ cells during spermiogenesis [120]. Genes
related to the genesis of esophageal cancer have also been
cloned at the institute. When esophageal squamous cell car-
cinoma tissue was compared with normal tissue using a
cDNA microarray, it was found that the overexpression of
EC97 might be associated with the onset of esophageal
cancer [121]. Further, the over-expression of RPLI5 in
esophageal cancer was shown to play a possible role in car-
cinogenesis of esophagus [122] and SPINK7 might reduce
the function of MT2A in the regulation of cell proliferation
and in the induction of apoptosis. The direct interaction of
SPINK7 and MT2A may play an important role in the car-
cinogenesis of esophageal cancer [123] and high methyla-
tion of the C20rf40 gene might be one of the causes of
esophageal cancer [124]. In addition, patents for several
esophageal cancer-related genes like NMESI [125],
ECRG-2 [126], DRCI [127] and DRC2 [128], were issued
to the Chinese Academy of Medical Sciences. Furthermore,
the gene OLCI [12] showed a high expression level in pri-
mary pulmonary squamous cell carcinoma that, when ex-
posed to cigarette smoke, increased remarkably. This ob-
servation led to the suggestion that OLCI expression is
closely connected with smoking history. In addition, OLCI
can activate the NF-kappaB signal transduction pathway
and its over-expression can induce evident transformed
colony in mouse fibroblastic NIH/3T3 cells, suggesting that
this gene is a new candidate oncogene. HAPO encodes a
novel human growth factor for the primitive cells of both
hematopoietic and endothelial cell lineages that has the po-
tential to be of use in the clinical treatment of various cyto-
penias and radiation injuries and in the expansion of hema-
topoietic and endothelial stem/progenitor cells [18]. RNFI3
[129] encodes a novel E3 ubiquitin ligase that is involved in
pancreatic carcinogenesis. The HZFI gene [130] plays an
important role in erythroid and megakaryocytic differentia-
tion. RHBDDI [131] encodes a protein that can act as a
serine protease that participates in the cleavage of BIK, a
proapoptotic member of the Bcl-2 family, and modulates
BIK-mediated apoptotic activity. The gene MAN2CI ob-
tained from the human tonsil cell cDNA library encodes an
important cellular alpha-mannosidase [132].

At the Institute of Radiation Medicine, Academy of Mil-
itary Medical Sciences of People’s Liberation Army, re-
searchers have identified a large number of new genes in the
human fetal liver transcriptome. For example, Apak encodes
a Kriippel-associated box (KRAB)-type zinc-finger protein
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[11] that binds directly to p53 in unstressed cells, specifi-
cally downregulates pro-apoptotic genes, and suppresses
pS3-mediated apoptosis. Ceap-11 and Ceap-16 encode two
novel splicing variant proteins that are associated with the
centrosome, microtubule aggregation and cell proliferation
[133]. The proteins encoded by SEMA6C and SEMA6D
belong to the transmembrane semaphorin family and may
play important roles in nerve regeneration [134]. NGB is a
highly conserved gene and the protein that it encodes plays
an important role in the nervous system, possibly related to
oxygen supply to the neuron [135]. CKIP-I encodes a
c-Jun-interacting protein that regulates AP-1 activity via
caspase-3-dependent cleavage and translocation [136].
PACT, which encodes a ring finger-containing protein, is
highly up-regulated in esophageal cancer. Experimental
data has shown that the PACT-p53 interaction plays a cru-
cial role in embryonic development and tumorigenesis and
the PACT protein has been identified as one of the negative
regulators of p53 [137]. ARFGAPI encodes a GATA-1 zinc
finger-containing protein that might take part in the process
of reproduction [138]. The CUEDC2-encoded protein in-
teracts with the progesterone receptor (PR) and promotes
progesterone-induced PR degradation through the ubiquitin-
proteasome pathway. Furthermore, an important post-
translational mechanism that controls PR protein levels was
identified which, for the first time, provided an important
insight into the function of CUEDC2 in breast cancer pro-
liferation [139].

Researchers at the Nanjing Medical University detected
differential expressed genes in testis using a cDNA micro-
array and a substantial set of genes associated with testicu-
lar development and spermatogenesis were obtained. For
example, TPD52L3 that encodes a new member of the tu-
mor protein D52-like proteins family was found to be ex-
pressed in adult testis at levels that were 5.6-fold higher
than in fetal testis. The expression profile also showed that
TPD52L3 is testis-specific, indicating thatTPD52L3 may
play a role in testis development and spermatogenesis [140].
SPATAIG6 is involved in spermatogenesis and the SPATA16-
encoded protein might function in the Golgi apparatus [141].
CCDC65 is highly expressed in human testis and sperma-
tozoa, and the protein it encodes is a new human sperm tail
protein that might play an important role during sperm ca-
pacitation [142]. Other genes like LDHL6B [143], NYD-SP5
[144], ACSBG?2 [145], PHF7 [146], and SPATA9 [147] are
all believed to be closely associated with testicular devel-
opment and spermatogenesis.

At the Cancer Research Institute, Central South Univer-
sity, Changsha, a series of genes related to the genesis of
nasopharyngeal carcinoma (NPC) were cloned and identi-
fied. For example, CCDCI9 may be a tissue-specific gene
in columnar ciliated epithelium and might be linked to the
onset of NPC [148]. In the NPC cell line HNE1, the expres-
sion of Clorfl02 was down-regulated, and the Glu58Gly
polymorphism that the encoded protein contains may be
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involved in the development and/or progression of NPC
suggesting that Clorfl02 could be a candidate tumor re-
pressor gene related with NPC [149]. GGNBP2 is localized
in the tumor suppressor locus D17S800-D17S930 and may
be correlated with the genesis of laryngeal carcinoma [150].
In addition, NAG6 is significantly down-regulated in gastric
cancer; it was proposed that the loss of genetic material may
be the cause of down-regulation of NAG6 expression. If this
is the case, then NAG6 could be a candidate of putative tu-
mor suppressor gene at the 7q31-32 loci associated with
gastric carcinoma. The down-regulation of NAG6 may play
a role in the occurrence and development of gastric cancer;
however, it may not be associated with lymph node and/or
distance metastasis [151]. LRRC4 shows increased expres-
sion in brain tumor tissue, suggesting that this gene may
play an important role in maintaining normal function and
suppressing tumorigenesis in the central nervous system
[152]. SPATAI2 was found to control cellular differentia-
tion and inhibit cellular proliferation in human testicular
tissue and it may play a role in spermatogenesis [153]. In
addition, TSARG?2 [154] and DNAJBI3 [155], two genes
that are related to the apoptosis of spermatocyte, have been
reported.

Researchers at the Center for Heart Development, Hunan
Normal University, established a human embryo heart
cDNA library and cloned a large number of develop-
ment-related genes. Many of these genes encode proteins
that belong to the zinc finger protein family; they include,
ZNF641 [156], ZNF415 [157], ZNF12 [158], ZNF569 [159],
ZNF540 [160], ZNF446 [161], and ZNF649 [162]. The pro-
teins that these genes encode mainly participate in the de-
velopment of the heart by regulating the transcription activ-
ity of AP-1, SRE and other proteins in the MAPK signaling
pathway.

Gene cloning and identification was started early in
Hong Kong and Taiwan. Although only a few human func-
tional genes were discovered, many high-quality studies
have been published; 17 of the papers (26.98%) have been
cited over 20 times, and 18 papers (28.57%) were published
in journals with IFs over 5. The NYD-SP27 [10] gene was
studied by researchers at the Chinese University of Hong
Kong and in 2003 a report was published in Lancet
(IF=33.633); so far this is the highest-IF journal to publish a
paper on a human functional gene that was first cloned and
identified by Chinese scientists. NYD-SP27 is expressed
endogenously in human pancreatic-duct cells and upregu-
lated in cystic fibrosis. The NYD-SP27 protein exerts an
inhibitory effect on phospholipase-C-coupled processes that
depend on calcium ions and protein kinase C, including
CFTR trafficking and function. Its upregulation in pancre-
atic-duct cells may reveal a previously unsuspected defect
in cystic fibrosis that contributes to pancreatic insufficiency;
thus, NYD-SP27 was proposed as a potentially new target
for pharmacological intervention in cystic fibrosis. Re-
searchers at the Taiwan Chang Gung Medical College iden-
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tified PNN [163], a gene that is associated with the mature
desmosomes of the epithelia. At the Institute of Biomedical
Sciences, Academia Sinica, Taiwan, RBM4B [164] that en-
codes a novel splicing regulator was discovered. At the In-
stitute of Life Science, National Defense Medical College,
Academia Sinica, Taiwan, researchers identified CENPJ
that is believed to play an essential role in cell division and
centrosome function [165]. Scientists from the Taiwan Na-
tional Yang-Ming University discovered NOLCI that is
associated with nucleogenesis during mitosis [166]. EEN
was discovered by researchers from the department of Pa-
thology at the University of Hong Kong on the short arm of
chromosome 19; the fusion of the EEN gene with the chro-
mosome translocation MLL gene was found to cause acute
myeloid leukemia [167]. SH3DI9 encodes a novel EEN-
binding protein that can inhibit Ras signaling and that is
recruited into the nucleus by the MLL-EEN fusion protein
that is believed to play an important role in the onset of
leukemia [168]. Furthermore, scientists from the Hong
Kong Polytechnic University discovered a candidate onco-
gene gene FAMI34B on the short arm of human chromo-
some 5 whose overexpression and transforming capacity in
normal cells may play a critical role in the molecular path-
ogenesis of esophageal squamous cell carcinoma (ESCC)
[169].

The Chinese contribution to the cloning and identifica-
tion of human functional genes actually reflects the devel-
opment of the life sciences in China. From initial gene se-
quencing and mapping to the establishment of cDNA li-
braries and large-scale cDNA sequencing, and then to func-
tional studies on single genes at the molecular, cellular and
animal levels; and from low IF journals to world-leading
journals, the studies in life sciences in China have pro-
gressed from weak to strong, and continue to stride forward.

In terms of the number of genes that were first cloned
and identified by Chinese scientists, whether the total num-
ber of genes is taken to be the 40000 estimated by the HGP
for reference, or the 30000 estimated protein-encoding
genes, or the 17000 that have been cloned and identified for
reference, the 589 cloned genes and 159 patents achieved by
Chinese scientists fulfill the “two 1%” goal that was pro-
posed by the Committee of Experts in Biology of the 863
Program. This achievement represents another of China’s
significant contributions to the study of human genomics
after its earlier “1%” sequencing work.

However, some limitations in the Chinese studies on
human functional genes should be noted. Most of the cloned
and identified genes are not important ones, and the majori-
ty of studies have been focused only on gene sequencing,
localization and expression profiles. Because these studies
lack depth, most papers were rarely cited. Further, most of
the new gene patents were awarded to teams based in col-
leges and universities rather than from enterprises. The
funds for scientific research mostly come from state appro-
priations and not from investment by enterprises; this results
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in the inadequate commercialization of research findings
and makes it almost impossible to generate huge economic
value and good society benefits. In the future, scientists
working in China should perform in-depth studies on human
functional genomics to discover functionally important new
genes. Such a focus will help propel the practical applica-
tion of new research findings to make greater contributions
to the development of Chinese biomedicine and the health
of the population.

It is possible that some errors will exist in the 544 papers
and 159 issued patents that were retrieved and analyzed in
this study. We will monitor this and regularly update our
literature database (http://gene.fudan.sh.cn/introduction/
database/chinagene/chinagene.html). We welcome any val-
uable advice, comments and corrections.
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