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A potential role of hyporesponsive NK cells in cancer defence and mice model to study nk cell
education

NK cells education is an intensively studied field of immunology. In mice Ly49 receptor-H-2 class I interactions and
KIR-MHC I in human mediate this process. NK cells bearing self-MHC specific inhibitory receptors are “licensed (L)”
and lacking them are “hyporesponsive (HR)”. HR state can be reversible upon certain conditions. The role of HR NK
cells in defence against cancer stem cells (CSC) was not investigated. HR NK cells have features making them more
potent for this purpose compared to licensed counterparts. A mouse model to study NK cell education in vivo is
described here, where Ly49 ligand binding ability and the influence on target cell lysis is unified. At least four types of
mice can be a basis for many experimental designs. Mouse model is proposed to be applied to study the processes of
HR NK cell involvement in CSC eradication.
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B.A. A6pamosa, H.H. bensie
Icike kapchl KopranbicTarsl runopeakTuBTi NK skacymanapbIiHbIH HOTeHIHANABI poJli xkoHe NK
JKACYIIANAPbIHBIH «YHPEHYiH» 3epTTeyre apHAJFaH ThIIIKAH YJIrici

NK - xacymlaJiblK OKBITY WMMYHOJIOTHSHBIH ©T€ KEHIHEH KOJIaHbUIAThIH OesiMi  OOJbIT  TaObLIabI.
Treimkangapaarel Ly49 NK- sxacymansik penentopasi H-2 I kimacchlHbIH aHTUreHAEpMEH >KoHe afamaapaarsl HLA
I xnacceinbig anturennepimen KIR-H e3apa apekerrecyi Oy mponectiH oprakraiinsl. MHC-I -TiH cnenudukaibik
WHTHOUTOPIBIK perentopiaapslH  TacuThiH NK — jkacymanap «IHIEH3UUIBDY OOJBIN TaOBUIAABLFHU JINTHKAJIBIK
¢byaknmsra kaOinerTi. OnapablH KOKTBIFBl «THITOKAyanKepIIiTikkey okeneni. Jlmmensusmer NK - xacymiamapMeH
canmeicteipragia HR NK- skacymamapisiH icik kxacymamapra Kapchl KonmaHpurysl MHC-I TacHTBIH HBICaHAHBIH
TMU3UCIHE OKeneTiH KabinmeTi Goica ma OypeIH KapactelppUiMaraH. Ly49 mmranganapiasiH YHHOHUIIEPIUHTEH in vivo
JKarganbIHIa NK- sxacymamblK OKBITBULY YIIiH THINKAH Monemi YCHIHBUINEL. EH Oomvaranma 4 Typi
SKCIIEPUMEHTANBIBI MPOTOKONAap ymiH Konmaneuiaael. CSC entipyi ymin Oarerrtamran  HR NK mpomeccrepai
3epTTey/e OChl YCHIHBUIATBIH MOJIENb KOJIaHBUIATHIH 001 IbI.

Tyitin co30ep: TabUFu KWLICP KACYIIACHI, JIMICH3MUIAY, THITOPEAKTUBTLIIK, IIMTOTOKCUHIUTIK, THIIIKAH YJITICI, iCiK
OaraHaJIbl J)KacyIlaJapbl
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B.A. A6pamosa, H.H. bensie
HorennnanbHas poJb runopeakTuBHbIX NK-Ki1eTOK B IPOTHBOOIIYX0/1€B0 3aIIUTe U MBIIIUHASA MOJEIb
Jis n3ydenus «o0ydenus» NK-kimerokx

NK-knerounoe «oOydeHne» ABISeTCS WHTCHCHBHO HM3ydaeMod 00nacTeio MMMyHoJoruu. BzammopneiictBue NK-
kjeto4Horo penenrtopa Ly49 ¢ anturenamu H-2 I xnacca y mpimeit u KIR ¢ HLA 1 xiacca y srozeit onocpenyioT 3ToT
npouecc. NK-knetku, Hecyme crenuuuecKkie HHTMOWTOpHBIE penentopsl kK codctBeHHbM MHC-I, sBistrorcs
«minensupoBanabiMuy (L), W 00JamaoT CIOCOOHOCTBIO JIM3MPOBaTh HedKkcmpeccupyromue MHC-1  kierkw.
OTcyTcTBHE 3THX pelenTopoB NpUBOANT K «runopeaktnBHocTH» (HR). HR cocrostHne moxer ObITh 0OpaTMMo npu
HEeKOTOpbIX ycioBusix. Poib HR NK-kieTok B 3amuTe npoTHUB pakoBbIX cTBOJIOBBIX KieTok (CSC) He paccMmaTpuBaiach
panee. [lpemmaraercs MpImmHas Monenb s uiydeHus NK-xierouHoro oOydeHus in vivo, rme Ly49 nwurasn-
CBSI3BIBAIOINAs] CIIOCOOHOCTh M BIMSIHME Ha JIM3UC KJIETOK-MHUIIeHeH yHm¢uuupoBansl. Ilo kpaifneit mepe, 4 Tuma
MBIIIEH MOTYT CITY>KUTh OCHOBOH JJI1 MHOTOUYHMCIICHHBIX 3KCIEPHUMEHTAIBHBIX MPOTOKOJIOB. [Ipeanaraemast MpluHas
MOJIeNb OyAET MPHUTro/IHA JUIS IPUMEHEHHS K HccieaoBanusaM nponeccos Boinedernnss HR NK B yanutoxxenne CSC.

KaroueBble cioBa: HaTypajabHbIC KHWUIEPHBIE KIETKH, JHICH3UPOBAHUE, IMIIOPEAKTHBHOCTh, UTOTOKCHYHOCTD,
MBIIIMHASI MOJIETb, PAKOBBIE CTBOJIOBBIE KIIETKH

NK cells play an important role in a host defence against tumor and virus-infected cells [1]. NK cells bear
various activating and inhibitory receptors interacting with Major Histocompatibility Complex Class I
molecules (MHC I). Human Killer Immunoglobulin-like receptor (KIR) interact with Human Leukocyte
antigen (HLA-I). Analogous by function and not by structure Ly49 receptor family (C-type lectins, type-1I
transmembrane receptors) in mice use H-2 I class molecules as ligands. Remaining NK cell receptors use
other ligands [1,2]. NK cells can be classified as licensed (L) and hyporesponsive (HR). L NK cells include
NK expressing self-MHC- I specific inhibitory receptors, and NK cells not bearing them are HR [3,4]. NK
cells acquire licenced state during development in bone marrow upon interactions with bone marrow stromal
cells expressing MHC-I. L NK cells can recognize and kill MHC-I deficient targets (tumor cells, virus
infected cells) and in contrast to HR [4]. In other relations L and HR NK are similar [5]. HR state in NK cells
is flexible [6]. They can acquire killing capacity in certain circumstancies. The involvement of HR NK cells
in cancer stem cells (CSC) eradication is proposed here.

Klra gene (encoding Ly49) content and its expression patterns vary in different mice strains [7,8]. As far
as Ly49 receptor diversity make different contribution to target cell lysis depending on bind affinities to H-2
molecules [7], it is hardly to obtain a suitable mouse in vivo model based on H-2 and Ly49 interaction. Here
a scheme of development of such a system is provided. We begin with mouse model description and then
describe its application in studying anti-CSC response.

The mouse model.The proposed mouse model in general is dedicated to study NK cell education
processes. Currently, Ly49-deficient [5], -transgenic or humanized (HLA-Cw3-KIR expressing [9]), various
H-2 gene expressing [10] or non-expressing mice (f2m-, TAP1- or H-2K- H-2D- deficient [4]) exist.
Undoubtely these methodological tools provide a basis for studying NK cell education process.

In the simplest case, each NK cell can bear Ly49 self-MHC-I specific inhibitory (IS);-self-MHC-I
specific activatory (AS); non-self-MHC-I specific inhibitory (INS) and non-self-MHC-I-specific activating
(ANS) (only one type). Also, each NK cell can bear at least binary combinations of these receptor types
(Table 1).

Table 1 - Various combinations of Ly49 types on NK cells

Types of receptors | AS IS ANS INS

AS 2 1 2 2

IS 1 1 1 1

ANS 2 1 2 2

INS 2 1 2 2
1 — L NK cells, 2 — HR NK cells

So, in the settings of NK cell education, the minimal receptor set involved in this process, which
encompass all possible interactions with single H-2 molecules, consists of four types of receptors and their
combinations.

The mice will be choosen on C57BL/6 background, because in terms of NK cell licensing studies this
strain is the best studied [8]. At least four variants of mice will be created. Eache of them express one of the
following type of receptor (AS, IS, ANS or INS) with a uniformed affinity to the corresponding H-2 ligand
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and the uniformed ability to influence target cell lysis according to their activating or inhibitory nature.
Crosses between them can be made to investigate complicated receptor combinations (each NK cell will
coexpress selected receptors). Bone marrow cells can be used in mixed bone marrow chimeras. In this case
NK cells will bear Ly49 receptor types separately. Potentially, this system allows performing multiple
experimental designs with different complexity to investigate processes during L or HR state establishment
or maintenance.

The order of steps proposed for development of mice model. The mice resulting from sequential cross-
breeding of Ly49 deficient [5], SV40TL- [11] and HLA-Cw3-KIR" transgenic mice [9] to the state of
homozygosity on C57BL/6 mice background (K"D") will represent a basis for manipulations. It is
anticipated that NK cells from this cross-breeding will be in licensed state.

1. NK cell line will be obtained from these mice (further designated as NKCL). NKCL will serve as a
basis for transfection with AS, IS, ANS, INS Ly49 cDNAs. For the “self MHC” D! will be considered. This
molecule was shown to represent the second, by the NK educational force [10], H-2 ligand after K. K" is not
chosen, because of lack of defined AS Ly49 receptors [8].

2. In table 2 selected ligand-receptor combinations are shown. For the reference point, NKCL
transfected with particular Ly49 cDNA can be used. Its binding to cognate H-2 ligand will be used as a
binding strength parameter. The lysis of YAC-1 cells (MHC deficient) by Ly49 deficient NKCL will
represent a basic level of lysis. Unification of Ly49 by these parameters will be done as follows: binding
strength equal to reference receptor, influence on target cell lysis (increase or decrease, for activating or
inhibitory Ly49, respectively) on a defined percent. In case of Ly49H, binding to m157 [12] may be lost.

In order to achieve such unification, NKCL should be transfected separately with Ly49 cDNAs. Chemical
mutagen can be applied to NKCL bearing Ly49 constructs in order to increase the speed of generation and
the diversity of Ly49 modified states. cDNA of altered Ly49 receptors will be isolated from selected NKCL
clones and used to generate transgenic mice on the Ly49 deficient D (K> D) transgenic background (as a
starting point).

Table 2 - Proposed Ly49 receptors for unification (not all specificities are indicated in parentheses), according to [§]

AS IS ANS INS
Ly49D | Ly49G2 | Ly49H | Ly49D
(D% (D% (D" K"

Role of Hyporesponsive NK cells in CSC lysis. Tumor represents a hierarchy of cell types, with CSC,
representing the root of the tumor [13]. CSC are chemo- and radioresistant, and targeted therapy represents
an urgent task [14]. Tumor derived CSC and normal SC express a little amount of MHC I, which can be
upregulated upon IFNy administration [15, 16]. Brain tumor derived stem cells express significant levels of
HLA-A, -B, -C, possess an antigen processing machinery and are susceptible to CD8 mediated lysis [16].

HR NK cells are good effectors of immune response upon infection with MCMV [12]. HR state is not
rigid in some experimental settings [6]. The following hypothesis is proposed. As L NK cells express self-
MHC-specific inhibitory receptors, when CSC upregulate MHC I, they may avoid NK cell mediated lysis.
The most critical for NK cell target discrimination is HLA-C expression, while HLA-A, -B are more critical
for CTL-mediated lysis [17]. HR NK cells, bearing no self-MHC class I inhibitory Ly49 [4] can be
indispensable, as MHC class I receptors do not represent an obstacle for them as potent inhibitory ligands.
The question is by what mechanism the hyporesponsiveness can be relieved, as the molecular basis for HR
state is poorly understood [3, 9]. HR should be relieved transiently, only for the period of time which is
needed to implement lysis, any prolongations can be potentially dangerous to the host in terms of
autoimmunity. ‘

KIR expression is enriched on cytotoxic CD56%™ subset in human [1], but cytotoxic subsets are decreased
in cancer patients [18]. This can represent the strategy of tumor to avoid NK cell lysis in terms of KIR-
bearing cells elimination.

Evaluation of the hypothesis using proposed mice model. The experimental model proposed here can
be used in analyzing the role of NK cells HR state plasticity. An analysis will be performed using NK cells
from obtained mice, bearing Ly49 receptors calibrated in binding strength and the influence on target cell
lysis. Tumor recipients will be D* KD Ly49 deficient mice (self NK cells are HR), transferred with IS
(from D K" D" mice, licensed, congenic) or AS™ IS” Ly49 NK cells (from D* or D* mice, HR, congenic).
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Tumor should be arisen in D*" K" D mice by chemical carcinogenesis. The possibility of AS™ IS" HR NK
cells de novo acquisition of MHC I deficient cell lysis, involvement of AS™ NK cell in the tumor eradication
will be assessed. Also, it will be clear, whether NK cell tolerance (hyporesponsiveness breakdown) can occur
in conditions of tumor growth and not only during infection [12] or in artificial system with changed MHC-I
environments [6].

For positive control of HR relief, NK obtained from Ly49 AS" IS"; AS™ IS" or AS" IS™ (all from D¢ or
B2m” mice, all HR) mice transferred to D*" mice can be used. Each variant (by Ly49 receptors) will allow
investigating the necessarity for certain kind of receptor to de novo cytotoxicity acquisition.

Questions to address are at least the following. If the de novo licensing acquisition event does not occur in
tumor bearing mice, whether there CSC by themselves or other components of tumor represent the culprits?
If the induction of cytotoxicity occurs, is it acquired at the proximity to CSC? Whether HR NK cells “scan”
for altered SC? Are HR relieved NK cells lie at the intermediate position between CD8+ cells, which require
high MHC class I expression by the target [15], and L NK cells which recognize target with ever visible
MHC levels? Whether HR loss is prohibited at the latest stages of tumor development and what factors
contribute to this? Is HR subversion necessarily results in the acquisition of phenotypical changes similar to
L-state acquired during development? This question is better to address in HLA-Cw3-KIR mice [9] as they
express Ly49.

Cancer can arise at sites where chronic inflammation persists [18]. Whether in condition of experimental
chronic inflammation cytotoxicity acquired NK cells pertain their function?

NK cell education process underneath such fundamental NK cell functions as lysis of virus-infected or
transformed cells which have altered MHC expression or loss of it. Analogous processes take place in human
[3, 17]. The contribution of particular KIR — donor HLA combinations in some malignancies have been
studied [20]. Most research evaluating NK cells anti-tumor response is directed toward CD56 and CD16
expression profile of NK cells or on the bulk of NK cells [21]. Normal SC as well as CSC are susceptible
targets for NK cell lysis and NK cells become anergic after this contact [22]. The studies were performed on
the bulk NK cell population and in vitro.

Cytotoxicity acquired HR NK cells in theory are powerful tools for defence against CSC as they lack self-
MHC-specific KIR or Ly49 receptors, in contrast to L NK cells. L NK can potentially lose their lysing
ability after CSC acquire a certain level of MHC class I expression, only by this reason. HR relief should be
transient in order to avoid autoimmunity, and possibly, at the late stages of cancer progression (equilibrium,
escape [23]), HR subversion is hampered. Mechanisms, underlying L. or HR establishement behind receptor
binding are poorly defined [3, 4, 9] and are not discussed here.

To evaluate the possibility of this phenomenon, the proposed mouse model can be used. Possible
drawbacks of model should be noted. Will the in vitro obtained unifications in ligand binding and target lysis
be the same as in vivo? The full Klra locus in Ly49 deficient mice is not deleted physically, Ly49 robust
downregulation occurred by another mechanism [5]. Will NKCL preserve the general trend of Ly49
expression (i.e. lack of it) during mutagenesis? The expression of Ly49 specific for self-MHC is adjusted to
the level of ligand. In MHC I deficient mice the level of expression of particular Ly49 is higher than in mice
with cognate MHC I gene expression [24]. Presumably, in this model constructs with promoters conferring
rigid expression will prevent it.
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OueHKa CTUMYJIAIMHA AHTHUTEIHLHOT0O HMMYHOI0 OTBETA MO/ JeliCTBHEM UMMYHOCTUMYJISSTOPOB
Pa3JIMYHOI0 MPOUCXOK/ICHUA B ONBITAX HA MbIIIAX
YcraHoBieHa 4€TKasi 3aBUCUMOCTh aKTUBHOCTH TIPOJYKIMH BUPYCCIEM(PUISCKUX aHTUTEN OT BUJIA IPUMEHSIEMOT0
MMMYHOCTUMYJISITOpA: HauOojee BbICOKMH ypoBeHb IgG Obul B Tpynmax HWMMYHH3UPOBAHHBIX CyObEIMHUYHON
TPUMIO3HOM BaKIIMHON B COYETaHUM C UIMMYHOCTUMYJIsiTopaMu Kirouessle croBa: XutosaH, Ksun A u UmmyBup.
Kniouesvie cnosa: UIMMyHOCTUMYISATOP, TyMOPAAbHBIM HIMMYHUTET, BUPYC TPUIIIA.

M.C. Anekciok, I[1.T'. Anekciok, A.C. TypmaramberoBa, . A. 3aitieBa, H.C.Coxkonosa, E.C.MonnaxaHos,
A.TI. BorosiBnenckwuii, B.J. bepesun
HMMyHABI BIHTAJAHABIPYIIBI AHTHICHEHIH MMMYHABIK KayaObIHBIH JIPTYPJi dcep eTyi apKbLIbI,
THINKAHIAPFA TI:KipHOe Kypriszy
AHBIKTaNFaH aHBIK Toyenai OelceHAi OHIMAI BHUPYCO3IHIIK aHTHICHENEP KOJNJAHBUIATHIH HMMYHIBI
BIHTAJIAHIBIPFBINI: KOIIIUIK KOFaphl AeHreiti IgG conm TomTarsl HMMMYHIBI €KIene CyOOIpIiKTI TYMay BUPYCHI
TipKeciMi MMMYH[BI BIHTAJAHIBIPFBIT XUT03aH, KBUi A xoHe iMMyBuHp.
Tyiiin co30ep: IMMyHIbI BIHTaJaHIBIPFBIII, TYMOPAJAbl HMMYHUTET, TYMay BUPYCHI.
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