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provides an easy and common access to the variable (V), diversity (D), joining (J) and constant (C)
IG and TR genes and alleles [2]. Human IMGT gene names were approved in 1999 by the HUGO
nomenclature committee (HGNC) and by the World Health Organization-International Union of
Immunological Societies (WHO-IUIS) [3]. The IMGT gene nomenclature is based on the
CLASSIFICATION axiom and concepts of IMGT-ONTOLOGY [4].
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IGHV3-21
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IMGT/LIGM-DB reference sequences

Pr

Clone names

Accession numbers

Molecule type

IGHV3-21*01 F

ABQ19439

gDNA

IGHV3-21*02 F

V3-21

M99658

gDNA

* Nucleotide sequences without gaps(’ 0

IMGT/GENE-DB reference sequences (in FASTA format) for the allele(s): IGHV3-21*01, IGHV3-21*02
¢ Nucleotide sequences with gaps according 0
to the IMGT unique numbering [ 0

e Amino acid sequences with gaps according [

to the IMGT unique numbering

Other sequences from the literature (compiled in IMGT Gene tables, IMGT Repertoire)

* Amino acid sequences without gaps

IGHV3-21 Gene. R T Br IMGT/LIGM-DB sequences from the literature
allele names | functionality Clone names Accession numbers Molecule type

WHG16 X62127 gDNA

IGHV3-21*01 F + + + HHG4 X62129 gDNA
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External links
HGNC Genew: 5586

5'UTR

NCBI Entrez Gene: 28444

GDB: GDB:9931690

Known IMGT/LIGM-DB cDNA sequences for Homo sapiens IGHV3-21

D83686 L02258 L.02260 L04329 L.26905 L28051 29155 U00508 U00572 U06787 U21270 U43754 U64497 U77372 U81383 U95238 X61023 X61235 X79168
§8588421 é?gggﬁ X98933 X98934 X98935 X98936 X98937 X98938 X98939 X98944 X98945 X98946 X98947 X98948 X98950 X98951 X98952 X98954 X99354

GenAtlas: 26448

IMGT/Collier-de-Perles tool
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allows the standardized comparison of V domain sequences for antibody humanization [12].
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IMGT/GENE-DB entry provides a full characterization of a gene and of its alleles with expertly annotated data
(definition, localization, reference sequences, functionality...) and external links to HGNC Genenew, Entrez Gene,
GDB, GenAtlas, GeneCards , and OMIM.

can display the V-DOMAIN [9] according to the IMGT unique numbering [10] on one or two
layers, colored with the VH or VL coloring of the CDR-IMGT, and with the IMGT amino acid
physicochemical classes [8] for the FR-IMGT.

A standardized comparison of V domain sequences for antibody humanization includes the
delimitation of the FR-IMGT and CDR-IMGT, the determination of the CDR-IMGT lengths (e.g.
[8.8.13]), the percentage of identity between FR-IMGT [calculated on 91 amino acids for VH (FR1-,
FR2-, FR3-, FR4-IMGT: 25, 17, 38, 11) and 89 for V-KAPPA (FR1-, FR2-, FR3-, FR4-IMGT: 26, 17,
36, 10)] and the number of IMGT amino acid physicochemical class changes.
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perform an accurate analysis of the IG and TR rearranged nucleotide sequences [5,6].

1 - "Detailed view" : Identification of the closest genes and alleles

IMGT/V-QUEST identifies the sequences with the closest gene and allele by comparison with the
IMGT reference directory. It displays nucleotide and protein alignments according to the IMGT
unique numbering and evaluates the mutational status. The mutational status of IGHV sequences is
one of the most important prognostic factor to stratify patients with CLL* [7]. For instance, the

IMGT/V-QUEST and IMGT/JunctionAnalysis tools

IMGT®, the international ImMMunoGeneTics information system® is the international reference in immunogenetics and immunoinformatics [1] . IMGT® provides a high quality integrated knowledge
resource, specialized in immunoglobulins (IG), T cell receptors (TR), major histocompatibility complex (MHC) of human and other vertebrates, and related proteins of the immune system (RPI), which
belong to the immunoglobulin superfamily (IgSF) and to the MHC superfamily (MhcSF). IMGT® includes six databases, Web resources which consist of more than 10,000 HTML pages, and fifteen
interactive tools. The accuracy and the consistency of the IMGT® data are based on IMGT-ONTOLOGY, the first ontology for immunogenetics and immunoinformatics. IMGT® components are of a
particular interest in cancer research as they provide international standards, for example in the analysis of IG and TR in lymphomas and leukemias, and standardized criteria for antibody humanization
and engineering of therapeutical recombinant monoclonal antibodies.

2 - "Detailed view" : Characterization of the mutations

IMGT/V-QUEST characterizes the mutations: position, silent or not silent, amino acid changes,
number of nucleotide transitions and transversions, IMGT amino acid class [8] changes per FR-IMGT

Im
M wi®
Gene

Tics

http://1imgt.cines.fr

Information
system®

Transitions

AF087419 sequence (from CLL patient), with 93,06% identity with Homo sapiens IGHV3-21*01 and CDR-IMGT.
(268/288 nucleotides), belongs to the CLL "mutated" sequences by opposition with CLL "unmutated"
sequences (>98% identity with the closest gene and allele). FR1-IMGT CORTIMGT FR2IMGT CDR2MGT | FR3MGT |C”R3'"“'i
* Chronic lymphocytic leukemia gOsc, Q3sH (- +-) || cOEsg, T2955 (+- 4 | t135sc H715c V-REGION mutation table
Sequen cenumber 1: AF087419 c10>t IMGT Label V-REGION || FR1-IMGT | CDR1-IMGT | FR2-IMGT || CDR2-IMGT || FR3-IMGT || CDR3-IMGT
. . azi=c Total nucleotides 320 18 6 51 a0 117 q
Sequence compared with the human IG set from the IMGT reference directory with gans
a0, K14T (- - -) gal
>AF087419
gaggtgcacttggtggagtctgggggcggecctggtcacccegggggggtecctgagacte g42>|::, K14=T |:' - ':l Total 20 § 4 2 ; 8 :
tcctgtgcagectcectggattcagettcagttectctagecatgaactgggteecgecaggee IMutations Silent r 3 2 1 1 1 0
ccagggaaggggctggagtggctctcatccattagecggtagtagtagtgtcaaattctac 145 g
act t tt tect a cca. act tgtat .
ctgoasatgascascotgagagoogaggacacggetgtytactactatycgagagatogy Nonsilent | 12 3 : 1 4 : 0
::z;:accctgatgcctactttgacttctggggacagggaaccctggtcaccgtctcctca asg 1 0 V—REGION mutatlon Statlstlcs for nUC|eOt|deS
Result summary: Productive IGH rearranged sequence (no stop codan and in frame junction) g-a ! . - . - 1 -

Y-GEME and allele IGHY3-21*01, or [GHY3-21*02 | score = 1255 | identity = 93,06% (268288 nt)

IMGT labels

V-REGION

0

FRA-IMGT || COR1-IMGT || FR2IMGT || COR2-IMGT || FR3-IMGT || CDR3-IMGT

J-GEME and allele IGHJ4*02 score= 213 | identity= 93 75% (45/48 nf)

Total amino acids (AA)
with gaps

O-GEME and allele by IMGT unctionAnalysis IGHD3-22*01 D-REGIOMN ig in reading frame 2

106

26 12 17 10 39 2

[CORT-IMGT.CORZ-IMGT.COR3-IMGT] lenaths and A8 JUNCTION | [3.8.13] CARDRTYPDAYFDFY ldentical AA

96

24 10 16 7 av 2 1]

1. Alignment for V-GENE and allele identification Total

10

2 1 3 2 0

Closest V-REGIONSs (evaluated from the V-REGION first nucleotide to the 2nd-CYS codon)

FR1-IMGT
gaggtgcacttggtggagtctggggge. . .ggcctggtcaccecegggggggtecectgagactetectgtgecagectetggattecagettd
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Score Identity {+++) 0 0 0 I a I a 1]
AB0190439 IGHV3-21%*01 1255 93,06% (268/288 nt)
M99658 IGHV3-21*02 1255 93,06% (268/288 nt) Conserved (+--) 1 0 | 1 | 1] | 0 | 1] | 0 1]
M99675 IGHV3-48%01 1192 90,62% (261/288 nt) AA changes | IMGT AA classes . . . n
AB019438 IGHV3-48+%02 1183 90,28% (260/288 nt) . (hydropathy (-+.) 3 ~ V-REGION mutation statistics for amino acids 0
AJ879484 IGHV3-h*01 (P) 1177 90,53% (258/285 nt) volume ' | | | | |

L]
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3 - Results of IMGT/JunctionAnalysis

IMGT/JunctionAnalysis analyses accurately the IG and TR junctions: it identifies the IGHD genes and alleles,
describes the N- and P-REGION, “gc” content, amino acid physicochemical properties, and calculates the pl.

D-REGION is in reading frame 2.

Analysis of the JUNCTION

Click on mutated {underlined) nucleotide to see the original ane:

[ ]

Input VYV name 3'"V-REGIDH H1 D-BEGIOH H2 5'J-FEGIOH J name D name Vmut Imut Jmut Hgc

AFOEBT419 IGHVI-Z1*0l tCogtgogagada LoQUacyd .. ..CaCCChdat. . e e e e s nnannns gc  .octactttgacttotgy IGHI4*0Z2 IGHDI-22*01 1] 2 1 7/9

3 B TR

AFO374159 tgt gog aga gat cgg acg tac cCoct gat goc tac tEtt gac Lhc tog +

i04 105 106 107 108 109 110 111 112 113 114 115 116 117 118 Frame pI
length mass
-
13 1,926.1 4.7

Click on mutated (underlined) amino acid to see the original one:

[ ]

Translation of the JUNCTION

CDEI-IMGT Molecular

4 - "Synthesis view"

Summary table

The "Synthesis view" provides an overview of sequences which express the same V-GENE and allele. 6 CLL sequences
are aligned with IGHV1-69*01 (and are "unmutated" sequences) and IGHV3-21*01 (and are "mutated" sequences).

W
Score

J-GENE anil
allele

CDR-IMGT
lengths

[ reading

W-GENE andl allele
frame

D-GENE and allele AA JUNCTION

Sedquence Functicnaliy W ldentity

JUNCTION
frame

100,00%

AJ414001 (2887288 nt)

IGHY1-69*01 Froductive 1435 IGHJ4*02 [GHD3-22701 2 [1210.16]

CARGYYYDSSGEYYF GGYW

in frame

100,00%

AJ238357 (2887288 nt)

IGHY1-69*01 Froductive 1435 IGHJS*02 IGHD2-2*01 3

§9,31%

AJ239365 | IGHYT-69%01 Froductive 1417 (2861288 b [GHJE*03 [GHD2-8%01 3
YD 21701 F— AB019439 IGHV3-21*01
-21*01, ar . , - -
AFOBT419 IGHY 21707 Froductive 12645 (2621258 ni) [GHJ4702 [GHD3-22701 2 AF087419
AJ389178
. . 87 a7% .
ALIBITE | IGHY3-21701 Froductive 1372 IGHJE*02(g) AY553643

(28107288 nt)

1 5 10 15 20
E \Y Q L \Y E S G G G L \Y K P G G S L R L S C
gag gtg cag ctg gtg gag tct ggg gga ggc ctg gtc aag cct ggg ggg tcc ctg aga ctc tcc tg

V-REGION translation for sequences aligned with IGHV3-21

97487 %

AY5H53643 (2817288 nt)

IGHY3-21*01 Froductive 1372 IGHJE*02 IGHDAIORT 9-45%01 | 2

FR1-IMGT
{1-26)

CDR1-IMGT
[27-38)

FR=Z-IMGT
[39-55)

CDRZ-IMGT
{56-65)

FR3I-IMGT
{G6-104)

V-REGION most frequently occurring AA per

Position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

AA
Occurrence
nb

Frequency

\Y Q L Vv G G G L \ K G G L R L A
3/3 2/3 |3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 2/3 | 313 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3

3/3 b
100% | 66% | 100% | 100% | 100% | 100% | 100% [ 100% 100% | 100% | 100% | 66% | 100% [ 100% | 100% | 100% | 100% | 100% | 100% [ 100% [ 100% | 100%

100%

CDR1-IMGT

Position 27 28 29 |30 31 32 |33 (34 35|36 (37|38 LE019439 IGHW3I-21%01 L L0
AA G F F AFDET419 L LA
Occurrence nb | 3/3 3/3 2/3 313 3/3 2/3 | 213 |33 b LAJ389178 LFLO
Frequency 100% [ 100% | 66% | 100% [ 100% | 66% | 66% | 100% ATEE3643 L L0

ARN19439 IGHVI-21%01 VQLVESGE. GLVE GGOLELS AdS GFIF

position and per FR-IMGT and CDR-IMGT for sequences aligned with IGHV3-21 | arog741s VHLY 5GG. GLVI GGELRLS AAS GFOF
FR1-IMGT AT3E9178 VULV GG GLVE GGILRLY AAS GFIF
ATL53643 VOLWE SGG. GLVE GEELRLS AdS GFIF
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ARDANGMDVITIGOGTIVIVES

]
......... [veunnn
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NIWERQL GEGLEWTES T I° T H &0 5WE. GRFTICRDHAKN
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IMGT/DomainGapAlign tool

analyses |G and TR amino acid sequences. It identifies the closest germline V-REGION (for 'V') and the closest C-DOMAIN (for 'C'). The IMGT gene and allele
name of the closest sequence(s) from the IMGT reference directory is (are) provided with a percentage of identity. IMGT/DomainGapAlign displays the
sequences with IMGT gaps and, for 'V', with delimitations of the FR-IMGT and CDR-IMGT, according to the IMGT unique numbering for V-DOMAIN [10], and for
‘C’, with delimitation of the strands and loops, according to the IMGT unique numbering for C-DOMAIN [11], based on the NUMEROTATION axiom and concepts of
IMGT-ONTOLOGY. For instance, V-REGION of alemtuzumab V-DOMAIN is identified as having 73% identitiy with Homo sapiens IGHV4-59*01.

Sm th-Waterman
494
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Humanized antibodies used in oncology [12]

Humanized
antibody

CDR-IMGT
antibody

Closest Homo sapiens
gene and allele

FR-IMGT

identity

AA with IMGT
class change

VH

84.61%

alemtuzumab | [8.10.12] IGHV4-59*01 2
(77/91)
bevacizumab | [8.8.16] IGHV7-4-1*02 74.72% 1
(68/91)
90.10%
trast b | [8.8.13 IGHV3-66*01 0
rastuzuma [ ] (82/91)

VL

alemtuzumab |  [6.3.9] IGKV1-33*01 97.75% 1
(87/89)

bevacizumab |  [6.3.9] IGKV1-33*01 92.13% 2
(82/89)
. 93.25%

trast mab 6.3.9 IGKV1-39*01 1
Het [6.3.9] (83/89)

IMGT® is a registered trademark of CNRS. IMGT® is member of the International Medical Informatics Association (IMIA). IMGT® is Bioinformatics Platform RIO (CNRS,
INSERM, CEA, INRA), member of the National Network of Bioinformatics Platforms (ReNaBi) and of the GIS IBiSA. IMGT® is Bioinformatics Platform of Cancéropdle Grand
Sud-Ouest (GSO), 'Grand Plateau Technique pour la Recherche Région' (GPTR) Languedoc-Roussillon. IMGT® received funding from CNRS, MESR (University Montpellier 2),

ANR (ANR-06-BY0S-0005-01) and ImmunoGrid (FP6-2004-1ST-4) STREPS.BYOS-0005-01) and the European ImmunoGrid project (IST-2004-0280069)

main characteristics (name, specificity, clinical indication, etc.).
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provides tables for monoclonal antibodies with clinical indications (murine, chimeric, humanized and fully human antibodies, and immunoadhesins) which summarize their
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INN INN numbers Origin .
(International Common | Proprietary Drug |IMGT/3Dstructure-_ . Secti species and Spttecmc;ty
Nonproprietary|Reqst|Prop.|Rec.| name names number DB sotype| Section |origin clone| (targe
Name) Num. | List |List game/ antigen)
ource

Company

Clinical
indication

Year of
Development|biotechnology . Sy .
status product Expression| Application| Domain
approval

ERBB2
(Epidermal
growth
factor
receptor 2)
or HER2 or
p185c-
erbB2
[Human]

Mus
musculus
4D5

4D5V8
Herceptin

trastuzumab | 7637 | 78 | 40 HERCEPTIN® 485 IgG1° | Humanized

Genentech Inc.

(S. San

Francisco, CA,
USA) (US)/ F.
Hoffmann-La

Roche Ltd.
(Basel,

Switzerland) (EU)

Breast cancer

adiuvant Phase Il
: CHO
Metastatic FDA approval (l_CIJhlne:[se
breast cancers October 1998 amster _
overexpressing Phase M Roche AMM Ovary) Therapeutic | Oncology
ERBB2 [48] August 2000 cells
(MTX) [f]
Non-small-cell Phase ||
lung cancer

Millennium

Pharmaceuticals
Inc. (Cambridge,

MA, USA) /

CAMPATH® Rattus Genzyme Corp.
T u mbri MA
alemtuzumab | 8005 | 83 | 45 Carquath MABC,&LIJV?II)’ ATH® 702 % lgG1e | Humanized g_clz;veficgi CD52 (CaUSt,)o‘)d(?;eU); ’
(EV) 34.5 Berlex Inc.
(Wayne, NJ,
USA) / Millennium
Pharmaceuticals

Inc. (Cambridge,
MA, USA) (US)

B cell chronic

lymphocytic FDA approval . | Hematology
leukemia (B- Phase M May 2001 Therapeutic / Oncology
CLL)
. CHO
Multiple | ppase 111 (Chinese
sclerosis Hamster
Ovary)
Kidney
transplant Phase I/l
rejection
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