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ABSTRACT

Background: Precursor B-Acute Lymphoblastic Leukemia (precursor B-ALL) oc-
curs due to the uncontrolled proliferation of B-lymphoid precursors arrested at a par-
ticular stage of B-cell development. Precursor-B-ALL is classified mainly into pro-
B-ALL, common-ALL and pre-B-ALL. The Common Acute Lymphoblastic Antigen
CD10 is the marker for common-ALL. Objective: This study was aimed to examine
the diversity of T-cell receptor Gamma (TCRG) and T-cell receptor Delta (TCRD)
gene rearrangements in South Indian Common-ALL patients. Methods: Clonality of
TCRG and TCRD was studied in 52 cases (pediatric=41 and adolescents and young
adults=11) of common-ALL. TCRG and TCRD gene rearrangements were amplified
by PCR and the clonality was assessed by Heteroduplex analysis of amplified prod-
ucts. Results: In pediatric common-ALL, clonal TCRG and TCRD gene rearrange-
ments were detected in 19 (46.3%) and 18 (43.9%) cases respectively. In adolescents
and young adults (AYA), TCRG was rearranged in 8 (72.7%) cases and TCRD was
rearranged in 4 (36.3%) cases. In the present study of common-ALL, the frequency
of a TCRG rearrangement Vyll-Jy1.3/2.3 was significantly high in AYA compared to
pediatric (36.3% vs 4.8%; p<0.025). Thus, Vyll-Jy1.3/2.3 was highly diverse in
AYA compared to pediatric. That shows the difference in biology of the disease be-
tween pediatric and AYA in South Indian population. Conclusion: The reason for
the high frequency of Vyll-Jy1.3/2.3 in AYA of common-ALL in South Indian popu-
lation in connection with unknown infectious agents or environmental carcinogens
needs to be evaluated further.
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INTRODUCTION

Precursor B-Acute Lymphoblastic Leukemia (precursor B-ALL) occurs due to the un-
controlled proliferation of B-lymphoid precursors arrested at a particular stage of B-
cell development. It is classified mainly into pro-B-ALL, common-ALL (C-ALL) and
pre-B-ALL. The Common Acute Lymphoblastic Antigen CD10 is the marker for C-
ALL (1). Initially the Immunoglobulin (Ig) and T-cell receptor (TCR) were regarded
as lineage specific markers for B- cells and T- cells respectively. But later it was rec-
ognized that TCR is also rearranged in malignant precursor B-cells and similarly Ig in
malignant T- cells by lineage promiscuity (2). During B- and T- cell differentiation
the germ line encoded variable (V), diversity (D) and joining (J) gene segments of
TCR gene complex and Ig rearrange by the process of recombination. Thereby each
lymphocyte obtains a unique combination of V-(D)-J segment that code for the vari-
able domain of TCR and Ig molecules. The rearranged V-(D)-J sequence represents a
‘specific signature’ of each lymphocyte. Due to the clonal origin of leukemic cells,
each malignant lymphoid disease will represent the expansion of a clonal population
with a specific Ig/TCR signature (3).

The pattern of TCRG and TCRD gene rearrangements and their junctional region char-
acteristics in T-cell ALL in South Indian patients have been documented (4). But the
pattern of cross-lineage TCR gene rearrangements in South Indian C-ALL has not been
identified so far. In the current study we examined the diversity of TCRG and TCRD
gene rearrangements in South Indian C-ALL patients.

MATERIALS AND METHODS

Patients. Bone marrow (BM) and peripheral blood (PB) samples were obtained from Acute
Lymphoblastic Leukemia (ALL) patients prior to starting the treatment. Diagnosis of ALL
was based on standard FAB classification and immunophenotypic criteria. The 52 cases of
C-ALL include 41 pediatric and 11 adolescents and young adults (AYA). Age of the pa-
tients ranged from 2 yrs to 24 yrs. All the pediatric and AYA patients were enrolled for
treatment under MCP 841 protocol (5,6) after obtaining a written informed consent.
Collection of BM and PB and Separation of Mononuclear Cells. Two milliliters of
BM and 10 ml of PB was collected from the patients prior to treatment and mononu-
clear cells (MNC) were separated using Ficoll Hypaque™ (density: 1.077g/ml, Amer-
sham Biosciences, Uppsala, Swedan) density gradient centrifugation. Cells were washed
twice with phosphate buffered saline and stored at -70°C until use.

Immunological Marker Analysis. Flow cytometric immunophenotyping was per-
formed with FACSCaliber system (Becton Dickinson, San Jose, CA, USA). The MNC
of the ALL patients were analyzed for the expression of cell surface markers using a
panel of monoclonal antibodies (BD Pharmingen™, BD Biosciences, CA, USA) com-
prising HLA-DR, CD2, SmCD3, CD4, CD5, CD7, CD8, CD10, CD19, CD20, CD13,
CD33 by direct immunofluorescence technique and indirect immunofluorescence tech-
nique was used with monoclonal antibodies for Cylgu and Smlg. The leukemic cells
were considered positive if the CD marker was expressed in >20% of the cells.

DNA Isolation from MNC and Amplification of TCRG and TCRD Gene Rear-
rangements. The MNC stored at —70°C was thawed at room temperature and the DNA
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from BM/PB was isolated using QIlAamp kit (Qiagen, Hilden, Germany) according to
manufacturer’s instructions. The quality of DNA was checked by agarose gel electro-
phoresis and also amplifying for the C-ABL housekeeping gene. A 50ul PCR reaction
contained 10X PCR buffer, 1.5mM MgCl,, 200uM of dNTP’s (AB Gene, UK), 2U of
Hotstart Taq Polymerase (AB Gene, UK) and 10 pmol of forward and reverse primers
with 100ng of genomic DNA. PCR was performed in a Perkin-Elmer 480 thermal cycler
(Applied Biosystems). PCR conditions included preactivation of the enzyme for 10 min
at 94°C followed by 35 cycles at 94°C for 60s, 60°C for 90s and 72°C for 2 min and a
final extension of 10 min at 72°C. The primers used for TCRG and TCRD gene rear-
rangements were as described (7).

The amplified products and expected size of TCRG rearrangement are Vyl-Jy1.3/2.3
(533 bp), Vyll-Jy1.3/2.3 (522 bp), Vyll1-Jy1.3/2.3 (522 bp), VyIV-Jy1.3/2.3 (558 bp),
Vyl-Jy1.1/2.1 (329 bp), Vyll-Jy1.1/2.1 (318 bp) and TCRD rearrangement are V52-Dd3
(501 bp), D52-Ds3 (608 bp), D62-J61 (550 bp). The patient sample which had already
amplified for a rearrangement and confirmed by Heteroduplex analysis and sequencing
was used as a positive control and water and normal lymphocytes were used as a nega-
tive control. Amplified products were visualized by electrophoresing on a 1.5%
ethidium bromide containing agarose gel.

Heteroduplex Analysis. To distinguish the clonal gene rearrangements of malignant
leukemic cells from polyclonal rearrangement present in normal cells, heteroduplex
analysis was performed. For the analysis, 12ul of the amplified PCR product was dena-
tured at 94°C for 5 min to obtain single stranded PCR products and then cooled to 4°C
for 60 min to induce renaturation. After denaturation and renaturation of the amplified
products, the sequences with identical junctional region produce homoduplex bands and
sequences with non identical junctional region produce heteroduplex bands. The PCR
products were then resolved on a 6% non-denaturing polyacrylamide gel in 0.5X Tris-
Borate-EDTA buffer run at 45V overnight at room temperature. The gel was visualized
after ethidium bromide staining (8).

Statistical Analysis. Two-tailed Fisher’s exact test was performed to compare the fre-
quency of TCR gene rearrangements between pediatric and AYA in C-ALL. Also the
clinical features were compared between pediatric and AYA. A p value of <0.05 was
considered as statistically significant.

RESULTS

In C-ALL, monoallelic rearrangement was observed in 32 of 52 (61.5) cases. In pediat-
ric, TCRG rearrangement was detected in 19 of the 41 (46.3%) cases and incomplete
TCRD (V62-D63 and Do2-Da3) rearrangement was detected in 18 (43.9) cases. The
frequency of TCRG and TCRD rearrangements are presented in Table 1. Vylll1-Jy1.3/2.3
and VyIV-Jy1.3/2.3 gene rearrangements were detected only in pediatric and not de-
tected in AYA. Oligoclonal rearrangement was shown in 5 (9.6) cases and all the cases
were of V52-D33 rearrangement. Bi-allelic rearrangement was shown in 6 (11.5) cases
including 5 cases of pediatric and one case of AYA. Clonal rearrangement was not de-
tected in 9 (17) cases. The clonal homoduplex bands, biallelic rearrangement and oligo-
clonal rearrangement are illustrated in Figure 1.
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Table 1. Frequencies of TCRG and TCRD gene rearrangements in pediatric and

AYA

Common-ALL (n=52)
TCR genes Pediatric AYA

(n=41) (n=11)
TCRG 19 (46.3) 8(72.7)
Vyl-3y1.3/2.3 11 (26.8) 4 (36.3)
Vyll-Jy1.3/2.3 2(4.8) 4 (36.3)*
Vylll-3y1.3/2.3 3(7.3) 0(0)
VyIV-3y1.3/2.3 1(2.4) 0(0)
Vyl-Jy1.1/2.1 4(9.7) 3(27.2)
Vyll-Jy1.1/2.1 1(2.4) 1(9)
TCRD 18 (43.9) 4(36.3)
V§2-D3&3 15 (36.5) 4(36.3)
D52-D83 9(21.9) 1(9)
D52-J51 0(0) 0 (0)
*p < 0.025 by two-tailed Fisher’s exact test

Note:

» Monoallelic rearrangement was detected in 32/52 (61.5) cases
Biallelic rearrangement in 6/52 (11.5) cases
Oligoclonal rearrangement in 5/52 (9.6) cases
No clonal rearrangement detected in 9/52 (17.3) cases
» In pediatric, more than one clonal rearrangement was detected in 3 cases of TCRG and 6 cases of TCRD. In AYA, 5
cases showed more than one clonal TCRG or TCRD rearrangement.
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Figure 1. Heteroduplex analysis of TCRG and TCRD rearrangements. The amplified PCR
product was denatured at 94°C for 5 min to obtain single stranded DNA and then cooled to 4°C
for 60 min to induce renaturation. The samples were then loaded on a 6% non-denaturing poly-
acrylamide gel. A. Lane 1 to 5 — Homoduplex bands of Vyll-Jy1.3/2.3 (522bp), M — Molecular
weight marker. B. Lane 1 and 2- homoduplex bands of D52-D83 (608 bp) ; Lane 3, 7 and 8-
homoduplex bands of V§2-D&3 (501 bp); Lane 4 — biallelic rearrangement in V562-D33, Lane 5
and 6- oligoclonal pattern of V62-D&3. M- Molecular weight marker

In AYA, TCRG was rearranged in 8 of the 11 (72.7) cases and TCRD in 4 of the 11
(36.3) cases. In the present study of C-ALL, the frequency of TCRD was comparable in
pediatric and AYA whereas TCRG was high in AYA compared to pediatric. When the
frequency of TCRG rearrangements was compared between pediatric and AYA, it was
detected that Vyll-Jy1.3/2.3 (also known as Vy9-Jy1.3/2.3) rearrangement was signifi-
cantly high in AYA compared to pediatric (36.3% vs 4.8%; p< 0.025). The clinical fea-
tures of common-ALL were compared between pediatric and AYA (Table 2). The male
to female ratio in common-ALL was high in AYA compared to pediatric but the differ-
ence was not statistically significant.
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Table 2. Clinical features of common-ALL cases with pediatric and AYA

Clinical features Pediatric AYA
(n=41) (n=11)
Median age 5yrs 18.5 yrs
Range 2yrsto 15 yrs 16 yrs to 24 yrs
Male 26 (63.4) 8 (72.7)
Female 15 (36.5) 3(27.2)
Male to Female ratio 1.7:1.0 2.6:1.0
WBC count (10°/L)
<20 24 (58.5) 5(45.4)
20-50 6 (14.6) 3(27.2)
50-100 5(12.1) 1(9.0)
>100 6 (14.6) 2(18.1)
Generalized lymphnode
-enlargement 28 (68.2) 8 (72.7)
Hepatosplenomegaly 23 (56.0) 8 (72.7)
Mediastinal mass 2 (4.8) 1(9)
DISCUSSION

Biology of ALL is distinct in different ethnic and geographic populations. ALL in South
Indian patients was distinct in terms of paucity of common ALL and high relative incidence
of T-ALL (9). But over the years there is a gradual reduction in T-ALL and a proportionate
increase in common-ALL was observed (Rajalekshmy, K.R, unpublished observations).

In C-ALL, monoallelic rearrangement was observed in 61.5 of the cases and bi-allelic re-
arrangement in 11.5 of the cases. Brumpt et al. and Scrideli et al. independently reported
biallelic rearrangements in 59.6% and 40.6% of B-ALL cases respectively (10,11). In
contrast to those reports biallelic rearrangement was considerably less in the present
study. In AYA, TCRG was rearranged in 8 of the 11 (72.7 %) cases and TCRD in 4 of the
11 (36.3 %) cases. In general, TCRG and TCRD gene rearrangements were studied more
in childhood precursor-B-ALL but rarely studied in AYA or adults. In childhood B-ALL,
Cave et al detected TCRD in 115 of 188 (61) cases and TCRG in 62 of 108 (57) cases
(12). Szczepanski et al. observed rearrangement of TCRG in 59% (113 of 192 cases) and
TCRD in 55% (112 of 202 cases) of precursor-B-ALL (13). Van der Velden et al. in 271
cases of C-ALL reported 72% of incomplete TCRD rearrangement and 58% of TCRG re-
arrangements in their study (14). Yao et al. studied 40 Chinese adult B-ALL patients and
reported TCRG and TCRD rearrangements in 77% and 55% of the patients respectively
(15). Thus, the rearrangement of both TCRG and TCRD in pediatric C-ALL is compara-
tively less than the frequency reported from other geographic populations.

A significant discrepancy in the frequency of Vyll-Jy1.3/2.3 between pediatric and
AYA might be due to the difference in biology of the disease between pediatric and
AYA. A recent review highlighted that the lack of progress in treating cancers in AYA
is in part due to lack of study, which highlights the biology of the disease in AYA com-
pared to that of children and adults (16). Hara et al. identified TCRG in 36 of 57 (63%)
B-precursor ALL and detected Vyll family in 24.5% of the cases (17). A study by
Brumpt et al. showed a comparable frequency of TCRG (66% of children and 61% of
AYA) in both children and AYA with B-cell precursor ALL. Also, Vyll family was
commonly rearranged in 20 of the 62 cases (32%) and notably high in adults (24%)
compared to children (8%) (10). Scrideli et al. documented TCRG rearrangements in
Brazilian children with B-ALL and detected a high frequency of TCRG in 54 of 79
(69%) cases with a high proportion (48.5%) of Vyll rearrangement (11). In the present
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study of C-ALL, a TCRG rearrangement Vyll-Jy1.3/2.3 was highly diverse in AYA
compared to pediatric and we speculate that the high frequency may attribute to expo-
sure of immune system to environmental carcinogens or an unknown infectious agent.

In conclusion in South Indian C-ALL patients, a TCRG rearrangement - Vyll-Jy1.3/2.3
was highly diverse in AYA compared to pediatric. That shows the difference in biology
of the disease between pediatric and AYA. However, the study has to be done in more
number of samples to confirm the difference. Again the reason for the high frequency of
Vyll-Jy1.3/2.3 in AYA of C-ALL in South Indian population in connection with un-
known infectious agents or environmental carcinogens needs to be evaluated further.

ACKNOWLEDGMENTS

We thank the Department of Science and Technology, Government. of India for funding
the project (Grant number SP/SO/B12/2000) and Lady Tata Memorial Trust, Mumbai,
India for the award of Senior Scholarship to N.S.

REFERENCES

1  Pui C-H, Behm FG and Crist WM. Clinical and Biologic relevance of Immunologic marker studies in Childhood Acute Lym-
phoblastic Leukemia. Blood 1993;82:343-362.

2 Greaves MF, Chan LC, Furley AJ, Watt SM, Molgaard HV. Lineage promiscuity in hemopoietic differentiation and leukemia.
Blood. 1986;67(1):1-11. Review.

3 Van Dongen JJM, Wolvers-Tettero IL. Analysis of immunoglobulin and T cell receptor genes. Part I: Basic and technical
aspects. Clin Chim Acta. 1991;198:1-91.

4 Sudhakar N, Nirmala K Nancy, Rajalekshmy K R, Raman S G, Rajkumar T. T-cell receptor Gamma and Delta gene rear-
rangements and Junctional region characteristics in South Indian patients with T-cell Acute Lymphoblastic Leukemia. Ameri-
can Journal of Hematology 2007;82(3):215-221.

5 Advani S, Pai S, Venzon D, Adde M, Kurkure PK, Nair CN, et al. Acute lymphoblastic leukemia in India: an analysis of prog-
nostic factors using a single treatment regimen. Ann Oncol. 1999 Feb;10(2):167-76.

6  Magrath I, Shanta V, Advani S, Adde M, Arya LS, Banavali S, et al. Treatment of acute lymphoblastic leukaemia in countries
with limited resources; lessons from use of a single protocol in India over a twenty year period [corrected]. Eur J Cancer. 2005
Jul;41(11):1570-83. Epub 2005 Jan 5. Review. Erratum in: Eur J Cancer. 2007 Feb;43(3):632. Raina, V [added].

7  Pongers-Willemse M J, Seriu T, Stolz F, D* Aniello E, Gameiro P, Pisa P, et al. Primers and protocols for standardized MRD
detection in ALL using Immunoglobulin and T-cell receptor gene rearrangements and Tall deletions as PCR targets. Report of
the BIOMED-1 concerted action: Investigation of minimal residual disease in acute leukemia. Leukemia 1999;13:110-118.

8  Langerak A W, Szczepanski T, Van der Burg M, Wolvers-Tettero ILM and Van Dongen JJM. Heteroduplex PCR analyis of
rearranged T-cell receptor genes for clonality assessment in suspect T-cell proliferations. Leukemia 1997;11:2192-2199.

9  Rajalekshmy KR, Abitha AR, Pramila R, Gnanasagar T, Maitreyan V, Shanta V. Immunophenotyping of acute lymphoblastic
leukaemia in Madras, India. Leuk Res 1994;18:183-190.

10 Brumpt C, Delabesse E, Beldjord K, Davi F, Cayuela JM, Millien C, et al. The incidence of clonal T-cell receptor
rearrangements in B-cell precursor acute lymphoblastic leukemia varies with age and genotype. Blood. 2000; 96(6): 2254-61.

11 Scrideli CA, Queiroz RG, Kashima S, Sankarankutty BO, Tone LG. T cell receptor gamma (TCRG) gene rearrangements in
Brazilian children with acute lymphoblastic leukemia: analysis and implications for the study of minimal residual disease.
Leukemia Research 2004,28(3):267-273.

12 Cavé H, van der Werff ten Bosch J, Suciu S, Guidal C, Waterkeyn C, Otten J, Bakkus M, et al. Clinical significance of mini-
mal residual disease in childhood acute lymphoblastic leukemia. European Organization for Research and Treatment of Can-
cer--Childhood Leukemia Cooperative Group. N Engl J Med. 1998;339(9):591-8.

13 Szczepanski T, Beishuizen A, Pongers-Willemse MJ, Hahlen K, Van Wering ER, Wijkhuijs AJ, et al. Cross-lineage T cell
receptor gene rearrangements occur in more than ninety percent of childhood precursor-B acute lymphoblastic leukemias: al-
ternative PCR targets for detection of minimal residual disease. Leukemia. 1999;13(2):196-205.

14 van der Velden VH, Szczepanski T, Wijkhuijs JM, Hart PG, Hoogeveen PG, Hop WC, et al. Age-related patterns of immu-
noglobulin and T-cell receptor gene rearrangements in precursor-B-ALL: implications for detection of minimal residual dis-
ease. Leukemia. 2003;17(9):1834-44.

15 Yaol, Chen Z, CenJ, Liang J, Feng Y, He J, et al. The pattern of clonal immunoglobulin and T-cell receptor (Ig/TCR) gene
rearrangements in Chinese adult acute lymphoblastic leukemia patients. Leuk Res. 2008, 32(11):1735-40.

16 Blyer A, Barr R, Lattin BH, Thomas D, Ellis C, Anderson B. The distinctive biology of the cancer in adolescents and young
adults. Nature Reviews Cancer 2008;8:288-298.

17 HaraJ, Benedict SH, Champagne E, Mak TW, Minden M, Gelfand EW. Relationship between rearrangement and transcription
of the T-cell receptor alpha, beta, and gamma genes in B-precursor acute lymphoblastic leukemia. Blood. 1989; 73(2):500-8.

Iran.J.Immunol. VOL.6 NO.3 September 2009 146


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wolvers-Tettero%20IL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed/10093685?ordinalpos=13&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10093685?ordinalpos=13&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16026693?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16026693?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=8139286&query_hl=13&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Brumpt+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Delabesse+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Beldjord+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Davi+F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Cayuela+JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Millien+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/9718378?ordinalpos=61&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/9718378?ordinalpos=61&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/9718378?ordinalpos=61&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=10025893&query_hl=12&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=12970784&query_hl=10&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yao%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chen%20Z%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cen%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Liang%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Feng%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22He%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed/2492833?ordinalpos=14&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2492833?ordinalpos=14&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

