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T Cell Receptor Rearrangement in NKT Cells
Differentiated from Cord Blood CD34+ Cells
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Introduction

Natural killer T(NKT) cells were originally identified
as CD1d-restricted human" and murine T cell clones”
that express the NK1.1 and use an invariant T cell recep-
tor{TCR) « chain(V @24 for human, V @ 14 for mouse) .
Although it has found that NK1.1+TCR +cells were he-
terogeneous”, the majority of NKT cells express invari-
ant V @ chain. Such invariant V & chain expressing NKT

cells are also called as iINKT cells. Human NKT cells
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CD34+ cells - TCR gene rearrangement.

have a restricted TCR diversity, with an invariant V a
24-J @ 15 and V £ 11. Mouse NKT cells have an invariant
V @ 14-J @ 18 (formerly J @281 or J ¢ 15), paired with
V482, VA7 or VB2 chain. Human and mouse NKT
cells recognize a glycolipid, « -galactosylceramide (-
GalCer), presented by CD1d”. However, other antigens
that stimulate most NKT cells have not been identified.
Immune responses of NKT cells include cytolytic acti-
vity and rapid induction of various cytokines, especially
TL-4 and interferon- 7 , after TCR stimulation. In turn, those
NKT cell derived cytokines can activate several other cell
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types, including NK cells, T cells, macrophages, and B cells”.

The developmental processes of the NKT cells are not
clearly defined. Though the finding that CD4'NKI1.1* T
cells requires CD1d" cortical thymocytes favors the thymic
origin of the NKT cells, NK1.1+ T cells can also be
detected in congenitally athymic mouse. Previously, IL-
15 in combination with Flt3-L and/or stem cell factor can
induce the differentiation of NKT cells from human cord
blood CD34+ cells® in vitro after 30 days of culture.

In order to detect the time of TCR gene rearrangement
in differentiated NKT cell, we used TCR-rearrangement
excision circles (TRECs) PCR®. TRECs are the episomal
DNA circles that are generated during excisional rear-
rangement of TCR genes. TRECs are stable, and not du-
plicated during mitosis”. As a result, TRECs were diluted
out with each cellular division. In @ 8 T cells, a com-
mon requirement for productive rearrangement of the
TCRA (TCR ¢ chain) gene locus is deletion of TCRD
(TCRa@ chain) locus, which resides in the TCRA. The
two rearrangement cvent occur during this process  the

Kirin Brewery (Maebashi, Japan), FL was purchased from
Chemicon (Temecula, CA, USA), and IL-15 was from
Endogen (Woburn, MA, USA) . Twice a week, cytokines
were added and media were replaced. Cultured cells were
harvested once a week for DNA extraction.

2. Flow cytometry

For CD34+ cell staining, fluroscein isothiocyanate (FI-
TC) conjugated anti-CD34 antibody (BD Pharmingen,
San Diago, CA, USA) was used. Cells were stained with
phycoerythrin (PE) conjugated anti-human TCR V (11.1
antibody (Serotec, UK), FITC conjugated anti-human
TCR V a 24 antibody (Serotec) and cychrome conjugated
anti-human CD56 antibody (BD Pharmingen). Samples
were collected and analyzed on FACSCalibur flow cyto-
meter (BD) and CellQuest software (BD).

3. DNA isolation and PCR

To collect stable TREC, DNA was isolated from cul-
tured cells with DNeasy Tissue Kit(Qiagen, Germany) .
DNA concentration was determined by spectrophotome-

first "producing—a—signairjoint—TR-EC—and—thﬁ‘eeond—a——mfpcmwﬁwwpﬁfmmwmhlg_mcw

coding-joint TREC. Thus the TRECs generated can be
used to detect TCR gene rearrangement in NKT cells
expanded in vitro.

Materials and Methods

1. Isolation of CD34+ cells from cord blood
and liquid culture

Human cord blood (CB) was obtained from full-term
deliveries with informed consent. CB was heparinized for
separation of blood cells. Mononuclear cells were isolated
from CB by density gradient separation over Ficoll-
Paque (Amersham, UK) . CD34+ cells were purified from
mononuclear cells using MiniMACS system (Miltenyi
Biotec, Germany) as previously described”. These pu-
rified CD34+ cells were cultured at a density of 1.0X
10° cells/m! in Iscove’s-modified Dulbecco’s medium
(IMDM, Gibco, Grand Island, NY, USA) supplemented
with 10% heat-inactivated fetal bovine serum (Hyclone,
UT, USA) and following cytokines : stem cell factor
(SCF, 50ng/ml), Flt3-L.(FL, 50ng/ml), and 1L-15(50ng/
ml) for NKT cell expansion®. SCF was provided from

DNA, 10 pmole of each primer, and | unit of Tag poly-
merase (TaKaRa, Japan). For signal joint TREC ampli-
fication, sjyTREC1 5’- AAA GAG GGC AGC CCT CTC
CAA GGC AAA-3’ and sjTREC2 5’- AGG CTG ATC
TTG TCT GAC ATT TGC TCC G -3’ were used as pri-
mers”. For coding joint TREC amplification, ¢jTRECI
5’- CCT GTT TGT TAA GGC ACA TTA GAA TCT
CTC ACT G -3’ and ¢jTREC2 5’- CTA ATA ATA AGA
TCC TCA AGG GTC GAG ACT GTC -3’ werc used”.
For rcarranged TCR V @ 24-J @ 15 amplification, V @
24-forward 5'-GCA ACT GTC GAC GCA GAC AC-¥
and J @ Q-reverse 5°-GGA TAG AAT TCC AGA CGG
TCA AC-3' were used". PCR cycle was performed at
94°C for 3 min followed by 35 cycles at 94°C for 30
sec, 50T for 30 sec, and 72°C 1 min. DNA from mo-
nonuclear cclls was uscd as negative control.

Results
1. Isolation of CD34+ cells from cord blood

and in vitro differentiation of NKT cells
The purities of the CD34+ cells isolated from CB
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were more than 95% (Fig. 1) . On day 0, purified CD34+
cells were all negative of CD56, TCR V ¢ 24, and V 3
11.1(Fig. 2A). After 30 days of culture, expanded cells
expressed CD56, TCR V @24, and V £ 11.1(Fig. 2B),
showing NKT phenotypes, as previously described”.

2. TCR recombination
In Fig. 4A, signal joint TREC appeared on day 4 (CB

#3), day 8(CB #2) and last until day 30(CB #2). In-
crease of coding joint TREC was followed after signal
joint TREC amplification(Fig, 4B) and mostly expressed
between day 9 and day 21. In CB #4 cells, coding joint
TREC was more amplified on day 20 than that of day 30
In CD #1 cells, no signal joint TREC was detected (on
day 30).
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Fig. 1. The purity of CD34+ cells from human cord blood cells. Solid line represents isotypematched control an-
fibody staining.
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Fig. 2.

CD5&6, Ve 24 and V £ 11.1 expression on differentiated NKT cells. CD34+ cells from human cord blood were

cultured for 30 days with SCF(50ng/ml), FL(50ng/ml), and IL-15(50ng/ml). On day 0, most of CD34+ cells
did not express CD56, Ve 24 or V 3 11.1. After 30 days, 37.43% of cells showed V @ 24/V £11.1 both positives.
In CD56+ cells, 66% of cells (33.17/50.21) were V a 24 positive.
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Fig. 3. Generation of signatl joint TREC and coding joint TREC. A : simplified representation of the TCR 8 chain locus
(TRD) flanked by TCRe chain(TCR V 241 and TCR J 2 61). Arrows are deplcted as the position of the each
of the TREC primers. Numbers below the arrows indicate the sequence number from TCR @ chain genome

_sequence (NG _001332.1) of the primers. B | End-to-end ligation of the recombination signal sequences

removes most of the TRD gene region, forming a single TREC containing a unique signal jJoint sequence
(signal joint TREC). C : When TCR Ve and TCR Ja recombination occurs, another unique sequence (cod-
Ing joint) becomes the part of a second TREC.

@ $J TREC cB cB#2 cB#3 cB#4

M 3 8 13 19 25 30 4 9 15 21 2 30 30 20 MNCM

3106p

e CJ TREC cB CB#2 CB#3 cB#4

M 3 8 13 19 256 30 4 9 15 21 26 30 30 20 MNCM

Fig. 4. PCR for TRECs. A : Amplified product of signal joint TREC (arrow) from four batches of experiment. B : Ampli-
fied product of coding TREC (arrow) from four batches of the experiment. MNC : mononuciear cells, M :
molecular marker.
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Fig. 5. PCR for V @ 24-J @ 15 sequence. Result showed is three batches of experiment. Arrow indicates expected V o
24-Ja 15 PCR product. M : molecular marker, MNC : mononuclear cells, (=) : no template DNA included

PCR product.

For confirmation of V ¢ 24-J @ 15 recombination of
DNA in differentiated NKT cells, V 224-J 2 15 PCR
was performed from extracted genomic DNA (Fig. 5).
Though V @ 24-J @ 15 sequences were amplified in most
of cultured cells, expression time and degree showed
variation between different batches of CBs.

Discussion

The developmental process of NKT cells is not clearly
defined yet, but primarily it was thought to develop and
be educated in the thymus. However, extrathymic origin
of the NKT cells was also suggested in athymic mice
studies” and in other studies'”. As previously described,
NKT cells can be differentiated from CB CD34+ cells,
eventually expressing CD3+, CD16+, CD56+, CD9%4+
and invariant V @ 24/V 8 11 TCR chains after 30 days of
liquid culture supplemented with IL-15, FL and/or SCF.
Those ex vivo differentiated NKT cells expressed both
IFN- 7 and IL-4, which was also one of typical charac-
teristics of NKT cells”.

We used TREC PCR to trace the time and degree of
the TCR gene rearrangement during ex vivo NKT dif-
ferentiation process. TREC:s are the episomal DNA circles
that are generated during excisional rearrangement of
TCR genes. Because TRECs are stable, and not dupli-
cated during mitosis, TRECs can be used as a marker of
recombination of TCR gene. In Fig. 4, signal joint TREC
first appeared on day 4 or day 8 and continuously existed
until day 30. Between day 9 and day 21, cells showed
high output of coding joint TRECs after signal joint
rearrangement. After 30 days of liquid culture, most of
cells expressed V ¢ 24 and V 8 11.1 as it showed in Fig.
2. In addition, percentage of the Va24 and VS 11.1
positive cells had also increased by 30 days of culture).

Because TREC output was decreased as it approached to
day 30, high expression of V @24 and V 8 11.1 TCR can
be explained as a result of division of already differen-
tiated NKT cells. To detect V @ 24-J @ 15 recombination
event on genomic level, sequence amplifications were
done in cultured cells (Fig. 5). It showed variation bet-
ween batches of CB and culture days. It could be explained
that the V @ 24-J & 15 joining CDR3 base sequences had
been changed or had sequence variation between
batches of CBs.

Although the TCR rearrangement was indirectly showed
in this study using TREC PCR, NKT cell development
must be considered with the possibility of co-existing
CDI1d+ cells. Because NKT cells are derived from DP
thymocytes and are positively selected by CD1d expres-
sing cells'” The existence and role of CD1d expressing
cells in ex vivo differentiation of NKT cells remains to
be elucidated.

Summary

Objectives :

To investigate the time of rearrangement of the TCR
gene in the process of NKT cell differentiation from
CD34+ human cord blood cells in vitro.

Methods :

We isolated the CD34+ human cord blood cells and
induced the differentiation of NKT cells by liquid culture
including IL-15, FL and SCF for 30 days. In order to
detect the time of TCR gene rearrangement in differen-
tiated NKT cell, we performed PCR for TCR-rearrange-
ment excision circles (TRECs) with isolated DNA.

Results :

Signal joint TREC first appeared on day 4 or day 8
and continuously existed until day 30. Between day 9 and
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day 21, cells showed high output of coding joint TRECs
after signal joint rearrangement.

Conclusion *

In differentiated NKT cells, TCR gene rearrangement
started within a week after culture started and mostly
occurred in 2 to 3 weeks after culture started.

References

1) Dellabona P, Padovan E, Casorati G, Brockhaus M, Lan-
zavecchia A © An invariant V alpha 24-J alpha Q/V beta
11 T cell receptor is expressed in all individuals by clon-
ally expanded CD4-8- T cells. J Exp Med 1994 ; 180 -
1171-1176

2) Sykes M : Unusual T cell populations in adult murine
bone marrow. Prevalence of CD3+CD4-CD8- and al-
pha beta TCR+NK1.1+ cells. J Immunol 1990 , 145 .
3209-3215

3) Kronenberg M, Gapin L : The unconventional lifestyle
of NKT cells. Nat Rev Immunol 2002 ;2 ' 557-568

4) Kawano T, Cui J, Koezuka Y, Toura I, Kaneko Y, Mo-

—..toki_K,-et al__CDId-restricted and TCR-mediated ac-

tivation of valphal4 NKT cells by glycosylceramides.
Science 1997 ;278 : 1626-1629
5) Woo SY, Jung YJ, Ryu KH, Park HY, Kie JH, Im SA,

et al : In vitro differentiation of natural killer T cells
from human cord blood CD34+ cells. Br J Haematol
2003 ;121 © 148-156

6) Douek DC, McFarland RD, Keiser PH, Gage EA, Mas-
sey JM, Haynes BF, et al - Changes in thymic function
with age and during the treatment of HIV infection. Na-
ture 1998 ; 396 - 690-695

7) Livak F, Schatz DG : T-cell receptor alpha locus V (D)J
recombination by-products are abundant in thymocytes
and mature T cells. Mol Cell Biol 1996 / 16 © 609-618

8) Yoo ES, Ryu KH, Park HY, Seong CM, Chung WS, Kim
SC, et al - Myeloid differentiation of human cord blood
CD34+ cells during ex vivo expansion using thrombo-
poietin, fit3-ligand and/or granulocyte-colony stimula-
ting factor. Br J Haematol 1999 , 105 : 1034-1040

9) Taniguchi M, Nakayama T : Recognition and function
of Valphal4 NKT cells. Semin Immunol 2000 ; 12 -
543-550

10) Makino Y, Yamagata N, Sasho T, Adachi Y, Kanno R,
Koseki H, et al - Extrathymic development of V alpha
14-positive T cells. J Exp Med 1993 /177 . 1399-1408

11) Gapin L, Matsuda JL, Surh CD, Kronenberg M : NKT

....cells derive from double-positive thymocytes that are
positively selected by CDI1d. Nat Immunol 2001 ;2 -
971-978

— 142 -

Collection @ ewha



	국문초록
	Introduction
	Materials and Methods
	1. Isolation of CD34+ cells from cord blood and liquid culture
	2. Flow cytometry
	3. DNA isolation and PCR

	Results
	1. Isolation of CD34+ cells from cord blood and in vitro differentiation of NKT cells
	2. TCR recombination

	Discussion
	Summary
	References


<startpage>1
±¹¹®ÃÊ·Ï 1
Introduction 1
Materials and Methods 2
 1. Isolation of CD34+ cells from cord blood and liquid culture 2
 2. Flow cytometry 2
 3. DNA isolation and PCR 2
Results 2
 1. Isolation of CD34+ cells from cord blood and in vitro differentiation of NKT cells 2
 2. TCR recombination 3
Discussion 5
Summary 5
References 6
</body>

