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EXPRESSION OF IMMUNOGLOBULIN

LIGHT CHAIN GENES IN STEREOTYPED CASES
FROM UKRAINIAN COHORT OF CHRONIC
LYMPHOCYTIC LEUKEMIA PATIENTS

Background. Analysis of immunoglobulin heavy chain gene (IGHV) rearrangements expressed in chronic lymphocytic
leukemia (CLL) cells has provided insights into the B-cell receptor (BCR) repertoire in CLL. In more than 40% of CLL
patients, (quasi)identical or stereotyped BCR is expressed. The recent data point at the non-stochastic expression of
immunoglobulin light lambda (IGLV) or kappa (IGKV) chains as well. Several pairs of IGHV and IGK/LV have been
described for some major stereotyped subsets, but most subsets have not been characterized. Aim. To study the IGK/LV
gene expression in stereotyped CLL cases. Materials and Methods. Analysis was performed in a group of 105 CLL pa-
tients with stereotyped BCR. The cases with stereotyped BCRs were identified according to Agathangelidis et al. (2021).
The IGHV and IGK/LV gene expressions were studied by a polymerase chain reaction followed by direct sequencing.
Results. The expression of the IGK/LV genes in the most presented major stereotyped subsets (#1, #2, #3C3, #4, #6, #28a)
was in agreement with the data reported by other authors. For the cases of subsets #5b, #9D1, #9D4, #16, #50, #59, and
#77, differences were found. The new data on the IGK/LV gene expression in 55 minor clusters were presented. A num-
ber of patterns of the IGK/LV gene expression depending on the phylogenetic clan and mutational status of the IGHV
genes have been described. Conclusion. The non-stochastic distribution of the IGKV/LV gene expression in the indi-
vidual stereotyped subsets was confirmed. Taking into account the complementary role of the light chains in antigen
recognition by the clonotypic BCRs, it was suggested that the subsets with the heterogeneous IGK/LV expression might
be reclassified and divided into separate subgroups based on the IGHV and IGK/LV association.
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One of the characteristics of the B-cell receptor | heavy chain variable region (IGHV) genes and the
(BCR) in chronic lymphocytic leukemia (CLL) is | presence of a significant proportion of patients with
the nonrandom repertoire of the immunoglobulin | similar or almost identical variable heavy chain
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complementarity-determining region 3 (HCDR3)
sequences strongly suggesting the recognition of
a common antigenic determinant [1—3]. More
than 40% of CLL patients expressed (quasi)identi-
cal or stereotyped BCR [4]. The incidence of stereo-
typed cases in the Ukrainian CLL cohort reached
50.5% [5]. The mutations of the prognostically sig-
nificant genes (namely, NOTCH]I and SF3BI) are
associated with certain stereotyped clusters, and
patients belonging to them display similar clinical
features [6, 7]. In addition, there is evidence that
the expression of immunoglobulin light lambda
(IGLV) or kappa (IGKV) chains is also non-sto-
chastic. The association of several IGKV and IGLV
genes with the stereotyped clusters in CLL has
been established. In particular, the expression
of IGKV1-39/1D-39 is typical for clusters #1 and #8
while clusters #4 and #2 are characterized by
IGKV2-30 and IGLV3-21 expressions, respectively
[8—10]. Thus, the light chains together with IGHV
form the structure of a stereotypical BCR. How-
ever, for most stereotyped clusters, IGKV/LV gene
expression has not been studied. In light of the
above, the aim of our work is to further study the
IGK/LV gene expression in stereotyped CLL cases.

Materials and Methods

The expression of the immunoglobulin light chain
genes was studied in 105 CLL patients with stereo-
typed BCR. The group included 73 men and 32
women aged 56.26 + 0.81 years (median 56 years).
The study was approved by the local Ethics Review
Committee, and all patients gave their informed
consent before participating in the study. The diag-
nosis of CLL was based on clinical history, lympho-
cyte morphology, and immunophenotypic criteria.
The stage of the disease was defined according to
Rai [11, 12] and Binet [13].

Genomic DNA for molecular analysis was ex-
tracted from the peripheral blood mononuclear
cells using the QIAamp Blood Mini Kit (Qiagen,
UK). The IGHV gene mutational status was as-
sessed by polymerase chain reaction (PCR) fol-
lowed by direct sequencing, as described above
[14]. The sequences were analyzed using the IgBlast
and IMGT databases. Sequences with > 98 % ho-
mology with the corresponding germ-line IGHV
gene were considered unmutated (UM), and cases
with < 98 % homology were considered to be mu-

ISSN 1812-9269. Experimental Oncology 46 (3). 2024

tated (M) [15, 16]. The cases with the stereotyped
BCRs were identified according to Agathangelidis
et al. [4]. The expression of the IGLV and IGKV
genes was carried out by PCR followed by sequenc-
ing according to the European BIOMED-2 protocol
[17]. Statistics was performed using the SPSS 20.0
software package (SPSS, Chicago, IL). All p values
are two-sided, and p value < 0.05 was considered
statistically significant.

Results

The observed cases were assigned to 77 different
stereotyped subsets. 45 cases belonged to 18 major
subsets, 6 cases were with the M IGHV genes (#2,
#4, #16, #73, #77, #252), and the others were with
the UM IGHV genes. The most represented subsets
were #1 (UM IGHV, 11 sequences), #2 (M IGHV,
6 sequences), #6 (UM IGHYV, 6 sequences), and #4
(M IGHYV, 4 sequences). Four major subsets con-
sisted of 2 cases each: #28a, #3C2, #3C3, and #59
(all UM IGHYV). The other major subsets were rep-
resented by 1 case each.

Sixty cases belonged to 59 minor subsets (9 sub-
sets with the M IGHV genes, 50 subsets with the
UM IGHYV genes). Only 1 minor subset (#5b) con-
sisted of 2 cases, the other ones were represented
by 1 case each.

The expression of 28 functional IGLV and IGKV
genes was revealed. 16 functional IGK'V genes were
involved in 75 IGKV-] rearrangements; the most
frequent genes were IGKV1-39/1D-39 (17 cases),
IGKV3-20 (15 cases), IGKV2-30 (9 cases), and
IGKV1-33 (7 cases). 12 functional IGLV genes were
involved in 30 IGLV-] rearrangements; the most
frequent gene was IGLV3-21 (13 cases).

3 IGKV/LV genes showed a non-stochastic
distribution depending on different phylogenetic
clans of IGHV genes and/or IGHV gene mutational
status:

e IGKV1-39 gene was expressed almost exclu-
sively in combination with the clan I IGHV genes
(25.45% vs. 6.0% in combination with the IGHV
genes of other clans; p = 0.007);

e JGKV2-30 gene expression was not detected
in combination with the clan I IGHV genes (18.0%
in combination with IGHV genes of other clans;
p =0.004);

e the most frequent expression of the IGLV3-21
gene was observed in combination with clan III
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IGHYV genes (25.8% vs. 6.75% in combination with
the IGHV genes of other clans; p = 0.006);

o expression of the IGLV3-21 gene reached
39.1% among stereotyped clusters with the M IGHV
genes compared to 4.9% in the UM IGHV cases
(p = 0.00001).

The IGKV/LV gene expression significantly dif-
fered in the individual stereotyped subsets. Thus,
the IGHV genes in 6 major stereotypic subsets (#1,
#2, #3C3, #4, #6, #28a) were expressed exclusively
in combination with one type of immunoglobulin
light chains. These subsets display the homologous
CDR3 of heavy and light Ig sequences. These re-
sults coincide with the data reported elsewhere

! Supplementary materials are posted at https://orcid.
org/0000-0002-1261-1680

[8—10, 18]. In addition, major #7D3 and #12 sub-
sets, represented in our cohort by 1 case each,
showed the typical light chain expression for these
subsets (IGLV3-9 and IGKV3-15, respectively)
(Supplementary Table 1)1.

The major subsets #3C2, #5, and #16 are known
to be characterized by the heterogeneity of the IGK/
LV gene expression. Two cases (subsets #3C2 and
#5) expressed the genes already described in these
subsets. Subset #16 represented by 1 case expressed
IGKV1-1601. 1t differed from the other cases belon-
ging to subset #16 (heterogeneous IGK/LV expres-
sion with a predominance of IGKV3-20 (Table 1).

A clear discrepancy was observed concerning
the major subsets #77 and #59 (Table 2). These sub-
sets included rearrangements utilizing different
IGHV genes [4]. Hadzidimitriou et al. [18] presen-

Table 1. Clusters with heterogeneous IGK/LV expression in comparison with known sequences

AV et HCDR3 IGK/LV KCDR3/LCDR3
mutational status

Subset #3C2, our group

D70_1-69_2-2_6_UM ATGGDIVVVPAEYYYYYYGMDV IGLV3-11%01 |CQQRSNYPLYTF

D3_1-69_2-2_6_UM ARDPDIVVVPASFFYYYYGMDV IGKV1-9*%01 |CQQLNSYPSYT
Known sequences of subset #3C2 [18]

FRA-283_1-8_2-2_6_UM ARDWPIVVVPAAMRYYYYGMDV IGKV3-11*01 | CQQRSNWPWTEF

FRA-292_1-69_2-2_6_UM ASGGDIVVVPAAMTYYYYGMDV IGKV1-39*01 |CQQSYST F

IT01-0169_1-69_2-2_6_UM ARGGDIVVVPAAYYYYYYGMDV IGKV3-11*01 |CQQRSFT F
Subset #5, our group

E36_1-69_3-10_6_UM ARDTVQGVINVLYYYYGMDV IGLV3-21%02 |CQVWDSSSDHVVEF
Known sequences of subset #5 [18]

P675_1-69_3-10_6_UM ARDAVRGVIGVYYYYYGMDV IGLV3-21%02 |CQVWDSSSDHVVF

IT01-0188_1-69_3-10_6_UM ALTMVRGVIIFTYYYYGMDV IGKV1-33*01 |CQQYDNLR TF

IT01-0187_1-69_3-10_6_UM ARVMVQGVIALSYYYYYMDV IGLV3-25%03 |CQSADSSGTVVE

IT01-0186_1-69_3-10_6_UM AREQVRGVISILVYYYGMDV IGKV1-47*01 | CAAWDDSLSG

IT01-0185_1-69_3-10_6_UM ARSKVRGVIPIYYYYYGMDV IGKV1-33*01 | CQQYDNLPLFTF
Subset #16, our group

E72_4-34_2-15_6_M AGRFYCSGVTCQSPSFHHYSGLDV IGKV1-16*01 | CQQYNSYPPAF
Known sequences of subset #16 [18]

FRA-202_4-34_2-15_6_M ARRFYCSGGSCSHPRYYFYHGMDV | IGKV2-28*01 | CMQSLQTPR TF

P1082_4-34_2-15_6_M AGRFYCSGAGCDSEGFYYYYGLDV | IGKV3-20*01 | CQQYGSSPY TF

P781_4-34_2-15_6_M AGRFYCYGGNCNNANYYYYYGMDV | IGKV3-20*01 | CQQYGASLPVTF

Swe-124_4-34_2-15_6_M AGRFYCSGRSCLSPSYYYYYGMDV IGKV3-20*01 |CQQYGGLI TF

Swe-152_4-34_2-15_6_M AGSFYCSGATCDSPRYYYHYGVDV | IGKV3-20*01 | CQQYGSSPR TF
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ted two sequences of subset #77 with the homoge-
neous IGHV4-59/IGLV10-54 gene expression. Our
case differed in both IGHV4-4 and IGKV3-20 ex-
pressions. On the other hand, in the study of Had-
zidimitriou et al., two #59 cases expressed different

IGKV genes. Two #59 cases from our group ex-
pressed the homogeneous IGKV2-28 expression.
Five major subsets (#10, #64B, #73, #202, and
#252) were represented by only one case each in
our CLL group (Supplementary Table 1). We found

Table 2. The comparison of sequences from subsets #77 and #59

Subset, NIGHV_IGHD _IGH]_ HCDR3 IGK/LV KCDR3/LCDR3
mutational status
Subset #59, our group
D92_1-58_3-3_5 AAGYDFWSGMDV IGKV2-28*01 CMQALQTPPTF
F12_1-58 3-3_6 AAGTDFWSGYPD IGKV2-28*01 CMQALQTPLTF
Known sequences of subset #59 [18]
N2231_1-58_3-3_4 AAGYDFWSGYITY IGKV1-4*01 CQQYYRTPLTF
P532B_1-69_3-3_4 ARAYDFWSGYY IGKV1-39*02 CQQSYSNPRTF
Subset #77, our group
E75_4-4 6-19_5 ARGPNESGWNGEDS IGKV3-20*01 QQYGSSPLT
Known sequences of subset #77 [18]
F73_4-59_6-19_4 ARGPDTSGWNSLDY IGLV10-54%01 CSAWDSSLSAQVF
N2518_4-59_2-15_4 ARGPDESGWLALAY IGLV10-54*01 CSAWDRSLSAQLF
Table 3. The comparison of sequences from minor subsets
Subset, N_IGHV_IGHD _IGH]_ HCDR3 IGK/LV KCDR3/LCDR3
mutational status
Subset #5b, our group
E91_1-69_3-3_6_UM ARATIFGVVDIFYYYYYGMDV IGKV2-14*%01 | CMQATQFPLF
F39_1-69_3-3_6_UM ARETIFGVVNINYYYYYGMDV IGKV3-15*01 | CQQYNNWPPLTF
Known sequences of subset #5b [18]
FRA-1271-69_3-3_6_UM ARVEVRGVIGIYYYYYYGMDV IGLV3-21%02 | CQVWDSGSDHPWYVEF
Subset #9D1, our group
E28_1-69_3-3_6_UM ASGGKITIFGVVIPPEGYYYMDV  |IGLV3-10%01 |YSTDSSGNHYV
Known sequences of subset #9D1 [18]
FRA-003_1-69_3-22_6_UM ARVGGITIFGVVIQRNYYYYMDV |IGKV1-33*01 | CQQYDNLPLTF
Subset #9D4, our group
F44_1-69_3-3_6_UM ASKSLPITIFGVVISDYYYYGMDV |IGKV4-1*01 |CQQYYSTPGGF
Known sequences of subset #9D4 [18]
P324_1-69_3-22_6_UM AKDKQRITIFGVVIMAGYYYGMDV |IGKV2-28*01 | CMQALQTPPWTF
Subset #50, our group
D62_4-59_3-22_6_UM ARGVGDYYDSSGYLHYYYGMDV |IGKV1-33*01 | QQYDNLPPL
Known sequences of subset #50 [18]
N1647A_1-69_3-22_6_UM ARDQDYYGSGSHVRYYYYGMDV |IGLV1-40%01 |CQSYDSSLSGWVEF
Swe-3_1-69_3-22_6_UM ARDSDYYDSSGYRYYYYGMDV IGLV1-40%01 |CQSYDSSLSGWVF
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no data available to compare IGK/LV expression
in these cases.

When the IGK/LV chain expressions in 4 minor
subsets in our group were compared to the avail-
able literature data, the sequences were different in
all cases (Table 3). It should be noted that according
to the latest classification, subset #50 includes the
cases with IGHV4-59 expression only [4]. At the
same time, IGLV1-40 gene expression was revea-
led in IGHV1-69 expressing cases with similar
HCDR3 [18].

We found no data available to compare IGK/LV
expression in the other 55 minor stereotyped sub-
sets, represented in Table S1. It is interesting to note
that in the minor subset #202b, which is a satellite
of the major subset #202, the expression of the
same IGKV3-15*01 gene with identical KCDR3
was observed. On the contrary, in similar cases of
major #64b and minor #64a subsets (HCDR3 se-
quences differ only in the shift of a characteristic
amino acid motif), the expression of different
IGKV2-28 and IGLV1-47 genes was observed.

Discussion

The expression of the IGK/LV genes in the most
presented major stereotyped subsets (#1, #2, #3C3,
#4, #6, and #28a) was in agreement with the data of
other authors [8—10, 18]. The homogeneous IGHV
and IGK/LV gene expression indicates the true
identity of the BCR and, therefore, an antigenic de-
terminant that can be recognized.

Widhopf et al. [19] suggested that the Ig HCDR3
structure predicts a nonstochastic pairing of heavy
and particular light Ig chains. Depending on the
HCDRS3 structure, in the IGHV1-69-positive cases,
the genes were co-expressed with different light
chains, namely IGHV1-69/IGHD2-2/IGH]6 with
HCDR3 amino acid motif PDIVVVPAAIXYYYG-
MDYV (subset #3C3) characterized by IGKVI-39
expression; IGHV1-69/IGHD3-16/IGH]3 with
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HCDR3 amino acid motif GGXYDYIWGSYR-
PNDAFDI (subset #6) expressed IGKV3-20; and
IGHV1-69/IGHD3-3/IGHJ6 with HCDR3 amino
acid motif YDFWSGYYPNYYYYGMDV (subset
#7D3) expressed IGLV3-9. However, in many cases
with identical/quasi-identical HCDR3, different
light chains are expressed, as evidenced by our data
as well. This corresponds to the formation of the
antigenic response in various infectious diseases.
For example, IGHV3-53 and IGHV3-66-positive
anti-SARS-CoV-2 antibodies with a similar
HCDR3 pair with at least 14 light-chain genes [20].
It is important to note that depending on the ex-
pression of the light chain, the activity of the anti-
bodies with the same HCDR3 sequence (in par-
ticular, the ability to neutralize the virus) changes
(20, 21].

These data raise two important questions, the
first of which is the criteria for identifying the in-
dividual clusters of stereotypical receptors. Today
such criteria are the use of IGHV genes of the same
phylogenetic clan; at least 50% amino acid identity
and 70% similarity within HCDR3; identical
HCDR3 length, and identical offset of the shared
amino acid pattern [4]. Taking into account the
complementary role of light chains in antigen re-
cognition by the clonotypic BCRs, the subsets with
the heterogeneous IGK/LV expression may be re-
classified and divided into separate subgroups
(as an example, the division of subsets #3, #5, #7,
and #9), and the IGK/LV expression of chains can
complement the criteria of stereotypy. The accumu-
lation of the data concerning IGHV and IGK/LV
association in stereotyped subsets will be useful.

The second question is related to the possible dif-
ferences in the functional activity of BCR in CLL
(belonging to the same subset) depending on the
expression of light chains, which may be related to
the characteristics of the clinical course, and the
spectrum of the typical gene mutations (NOTCH1,
SF3Bl1, etc.).
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I. A6pamenxo, H. Binoyc, 3. Mapmuna, I. Jazin, A. Yymax
Jep>xaBHa yctaHoBa «HarjionanpbHui HAyKOBUI LIEHTP pafiiallifiHOl MeIUIIVHIA,
remarosnorii Ta onkonorii HAMH Vkpainn» Kuis, Ykpaina

EKCITPECIA I'EHIB JIETKMX JTAHITIOI'TB IMYHOIJIOBYJ/ITHIB
B CTEPEOTUITHVIX BUITAJIKAX B YKPATHCBKIVI KOTOPTI
XBOPUX HA XPOHIYHY TIM®OLIVTAPHY JIEMKEMIIO

CraH nuTaHHA. AHaJli3 IepeOyfoBM IeHiB BaXKKMX JIaHIIOTB iMyHOrn00yninis (IGHV) y XBOpKX Ha XpoHi4HY 1iMpo-
nuTapHy nerikemito (XJIJI) BusHaumB ocobnuBocti mo6yposu B-xnitnaHOrO penenitopa (BKP) mpu njpomy 3axsopio-
BauHi. Jleiikemiuni xnituan monax 40% xsopux Ha XJIJT excrpecyBanu (kBasi)igeHTudHMi ab6o crepeornmunit BKP.
OcranHi faHi CBif9aTh PO HECTOXACTIIHE BUKOPUCTAHHS i TeHiB merkux mambaa (IGLV) abo kanma (IGKV) maniforis
imyHormo6ymninis. Onucano gekinbka crabinbuux map IGHV ta IGK/LV ns fesikux OCHOBHUX CTEPEOTUITHUX K/IACTePiB,
aste GiIBIIICTD KTaCTePiB He OXapakTepr3oBaHo. Mera: nofablile BUBYeHHs ekcrpecii renis IGK/LV 'y ctepeoTunHmx
Bumnagkax XJIJI. Marepiamu ta meTomu. Ananis mposoauu B rpymi 105 xsopux Ha XJIJI 3i crepeorununm BKP. Knac-
tepu crepeorunnux BKP 6ynu Busaseni BignosinHo no Agathangelidis Ta in. (2021). Excrpecito renis IGHV Ta IGK/
LV BusHauanm 3a JOIIOMOTOI0 OTiMePa3Hoi TaHIIOTOBOI PeaKliii 3 ofjaNbIIMM IPAMUM CEKBeHYBaHHAM. PesynbTaTn.
Ekcripecis reniB IGK/LV y Hait6inbI IIpefcTaBIeHNX OCHOBHIX CTEPEOTUITHNX KIacTepax (#1, #2, #3C3, #4, #6, #28a)
criBIagaga 3 JaHMMY iHINMX aBTOpiB. [Ina kmacrepis #5b, #9D1, #9D4, #16, #50, #59, #77 BUAB/IEHO BiIMiHHOCTI.
Hagepneno HoBi maHi mono excpecii renis IGK/LV y 55 minopHux kacrepax. OnncaHo oco61mBoCTi ekcipecii reHiB
IGK/LV 3anexHo Bifj $ioreHeTMYHOro KIaHy Ta MyTariitHoro crarycy rexis IGHV. BucHoBok. IlifTBepmxeHo He-
cToXacTM4Humit posnogin renis IGK/LV B oxpemux knacrepax crepeorunnux BKP npu XJIJI. Bpaxosyroun sHadyeH-
Hs JIETKMX JIAHIIOTiB iMYHOITIOOY/TiHIB y posmisHaBaHHi aHTUTreHy kiaoHoTHnoBuMu BKP, BrcioBIEeHO mpumyieH-
Hs, 10 KJIAaCTep 3 TeTepOreHHo ekcrpecielo reHiB IGK/LV Mo)xHa nofiinuT Ha okpemi miarpynu. HakonudeHnna
maHVX Iofo acouianii renis IGHV ta IGK/LV y crepeorunnux kiaacrepax npu XJ/UI, yomy i1 mpucssdeHa po6oTa,
Oyne CHOpUATHU ITbOMY.

KirouoBi cnoBa: xpoHiuna nimdonntapHa neiikemis, crepeoTnmti knactepi, reunt IGK/LV.
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