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Abstract

NKG2D is an activating receptor expressed on most of human NK cells, one of whose ligands is MICA. Based on the crystal structure
of NKG2D-MICA complex, we synthesized three short peptides (P1, P2 and P3), mimicking funetioaatia2 domain of MICA. The
inhibitory effects of three peptides on NK-92 cells, a human NK cell line against Hela cells were observed and the inhibitory percentage
was 38% at maximum for P1+ P2+ P3 in concentration of 1 nM. The same peptides had no effect on NK-92 cell against target cells lacking
MICA (K562 cells line). The unrelated peptides as controls had no effect on the system. Two peptides (P2 and P3) were prolonged at one
or both ends, and the longer forms of peptides exerted stronger inhibitory effects than their shorter forms. Each combination of two peptides
exerted a stronger function than single peptide (P1, P2, P3), indicating that shedding of longer amino acid sequedemain or more
domain sites of MICA are better than shorter sequence and fewer sites. P1+ P2 + P3 revealed the almost same inhibitory rate as the soluble
MICA (sMICA). P1+ P2+ P3 were also able to alleviate the concanavalin A-induced murine autoimmune hepatitis in vivo, conforming the
similarity of NKG2D between human and mice. The results demonstrate that MICA-mimicking peptides will be useful to search the specific
functional sites for NKG2D—-MICA interaction, but also promising in explaining NKG2D-related autoimmunity.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction diated signals engaged upon interaction with target cell sur-
face ligandg8,15,25,26] Two inhibitory receptor families
NK cells constitute an important component of the innate have been discovered in human: the killer cell-lg-like re-
immune system, providing the first line of defense against ceptors (KIR) and the CD94/NKG2A lectin-like receptors.
certain viruses, intracellular bacteria and transformed cells. Owing to the fact that KIRs are not expressed on all NK
NK cells exert cell-mediated cytotoxicity and act to reg- cells and that the expression of KIRs may be later than that
ulate innate and acquired immune responses through theof CD94/NKG2A during the development and differentia-
release of various cytokines (such as ¥;N6M-CSF and tion of NK cells, CD94/NKG2A receptor, whose ligand is
TNF-B) and chemokines. Unlike T cells, NK cells killing the non-classical class | molecules HLA-E, may be an im-
of virus-infected or malignant transformed cells does not portant inhibitory receptor for exerting functions of NK cells
need pre-sensitization and is independent of a MHC re- [19]. It is believed that inhibitory receptors on NK cells dis-
stricted manner. NK cell activity is regulated by an array criminate healthy cells from diseased cells by surveying the
of membrane-bond inhibitory and activating receptors me- surface expression of self-MHC class | molecules. However,
evidence has accumulated that activating receptors also play
* Corresponding author. Tel.: +86 551 360 7379; fax: +86 551 360 6783. a major role m. activation and regu.latlpn of NK cef#. A
E-mail addresstzg@ustc.edu.cn (Z. Tian). well-characterized example of activating NK cell receptors
1 These two authors equally contributed to this study. to date is the NKG2D receptor, which was first recognized on
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NK cells, but was subsequently found on CD8+ T cej&T of MICA, which corresponds to helix 2a in MHC class | pro-
cells and macrophages, making it one of the most widely dis- teins, was disordered and presumed to form an extended flex-
tributed NK receptors currently describgg4,22,41] In hu- ible loop. This element containing the residues that interact
man, the NKG2D receptor binds to the stress-inducible poly- with NKG2D-B becomes ordered during complex formation
morphic non-classical MHC molecules MICA (MHC class | [17], and it was used as one of the core templates for the pep-
chain-related A), MICB and the MHC class I-related UL16- tide design. On the other hand, a similar element incthe
binding protein-1, 2, 3 (ULBP-1, 2, 3), which are strongly up- domain (residue 70-80) containing the residues that interact
regulated in many types of tumor cdlig},37] Recentstudies  with NKG2D-A was used as the second template. Because
reveal that the expression of MIC and ULBP on human tu- the interactions within the complex of NKG2D-MICA re-
mor cells is sufficient to overcome the inhibitory effects of late to the loop betweef strands 1 and 2 (residues 13-21)
MHC class | expression on NK cell killing1]. These obser-  of MICA that curls upward NKG2017], the third template
vations indicate that NKG2D provides first line surveillance was selected at th&l—-32 loop.
against stressed or abnormal cells which have been induced ) )
to express one of its ligands. 2.2. Peptide synthesis

MIC has arestricted tissue distribution in intestinal epithe-
lium, being frequently expressed in epithelial tumors, and is
induced by viral and mycobacterial infectiof@9,10] The

The peptides were synthesized by solid phase synthe-
sis and purified by HPLC to more than 90% purity. For
structure of MICA is similar to the protein fold of MHC easier synthesis and better dissolubility, the sequences of
class I, with aala? platform domain and a membrane- the three peptides were different fr_om the templates_ at
proximal Ig-like «3 domain, which neither associates with the €nds. Moreover, two longer peptides were synthesized
B-microglobulin nor binds peptides but combines with ho- oM templates in thexl anda2 domains. The five pep-
modimer of NKG2D to initiate the activation of human NK  tides were (i) residues 16-20 (DGSVQ), from the tem-
cells after engagement of NKG2D by MICA7,27] MICA plate in thep1-32 loop in theal domain, named as P1;
and its close relative MICB, which also serves as a ligand for (i) residues 72-82 (KDLRMTLAHIK), from the template
NKG2D, are both polymorphic and the polymorphism has in the a1l domain, named as P2; (iii) residues 156-167

been shown to affect the affinity for NKG2D. More recently, (THYHAMHADCLQ_)’, from the template in thex2 do-
the UL16-binding proteins (ULBPs) have been identified as M&n, named as P3; (iv) residues 58-84 (KTWDRETRDLT-

additional ligands of NKG205,32]. The crystal structure ~ GNGKDLRMTLAHIKDQ), longer form of P2, named as

of the NKG2D—-MICA complex revealed that a NKG2D ho- P2L; (v) residues 147-173 (EDAMKTKTHYHAMHAD-
modimer binds to a MICA monomer in an interaction thatis CLQELRRYLKS), longer form of P3, named as P3L. Ad-
analogous to that seen for T cell receptor-MHC class | pro- d!thnally, we syntheS|ze.d an unrelated peptide based on the
tein complexeg40]. Recent research revealed that soluble Similar functional domain of the HLA-E, called Px (RD-
MICA could inhibit NKG2D—MICA interaction, by which ~ TAQIFRVNLRT) as unrelated contrg8s].

the tumor escaped from CTL attafkl]. On the other hand,
the cytotoxicity of NK cells decreased when the receptor was
blocked by anti-NKG2D mAH2,18]. In this study, we use
peptides mimicking MICA functional domains to block the
NKG2D-MICA interaction. Based on the structure of the
NKG2D-MICA protein complex, three short peptides lo-

cated aial anda2 domain of human MICA were synthe- A yyhe |y (Con A) was purchased from Sigma Chemical Co.
sized as the blockades of NKG2D-MICA contacting. Differ- (St. Louis, MO, USA) and separately dissolved in pyrogen-

ent combinations of the peptides were used to incubate with free phosphate-buffered saline (PBS) at a final concentration
the NK cells and the cytotoxicity of the NK cells againsttarget ¢ 1 mg/ml. Human NK cell line, NK-92 cellf23], was ob-
Hela cells was specifically inhibited. The inhibitory effects (5ined from ATCC of USA. Target cells Hela, K562 and YAC-
of the synthetic peptides were also confirmed in alleviation 1 cejisine were keptin our laboratory which were all cultured
of liver injury of T cell-mediated murine hepatitis. in RPMI medium 1640 supplemented with 10% bovine calf
serum, at 37C under 5% CQ. NK-92 cells were cultured

2.3. Reagents and cells

MICA protein was a gift from Professor Roland K. Strong
of U.S.A. (Division of Basic Sciences Fred Hutchinson Can-
cer Research Center, Seattle, WA), and it had been widely
used in their published researf$)17,18,24] Concanavalin

2. Materials and methods in minimum essential medium (MEM} medium supple-
_ _ mented with 10% bovine calf serum, 10% EQUINE serum,
2.1. Peptide design and 100 units/ml rhiL-2 at 37C under 5% C@.

Detailed information about the association of MICA with  2.4. Concanavalin A-induced murine hepatitis and
NKG2D has been available already. The sequence of thealleviation of liver injury with the small peptides in vivo
protein (PDB code: 1HYR) was from the NCBI database
at http://www.ncbi.nlm.nih.gov/Entrez [17]A helical ele- Male C57BL/6 (B6) mice (8—10 weeks old) were obtained
ment of ten residues (residues 152-161) ind@edomain from Shanghai Experimental Animal Center of Chinese Sci-
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ence Academy, and maintained under specific pathogen-fredor 4h at 37°C in 5% CQ. An amount of 10Qul of su-
(SPF) and controlled conditions (22, 55% humidity, and pernatants was taken from each well and monitored with a
12 h day/night rhythm) in animal facility of University of v counter. Specific cytotoxicity was determined as follow-
Science and Technology of China. Regarding concanavalining: % specific release = (experimental countspontaneous
A (Con A)-induced hepatitis mod§l,21,28] the mice were  counts)/(maximal counts spontaneous counts)100.
intravenously injected with Con A (15g/g wt. in total vol-
ume of 10Qul); sera of the mice were harvested at 12 and 2.8. Statistical analyses of data
24 h, respectively, after Con A injection for ALT/AST mea-
surements. Moreover livers were excised for the histological ~ Student’st-test was used to interpret the significance of
analysis and hepatic MNC were prepared for cytotoxicity differences between experimental groups.
assay at the same time. Equally the small peptides were in-
travenously injected peptide (p@/g wt.) together with Con
A and then examined their inhibitory effect on liver injury 3. Results
and natural cytotoxicity of liver MNC.

3.1. Design, synthesis and property of the peptides of
2.5. Assay for the serum ALT and AST MICA mimicry

For assay of serum ALT and AST levels, mice were anes- Based on the crystal structure of MICA and
thetized with ether and bled via the eye. SerayBtest) were MICA-NKG2D complex that have been describédd,38],
mixed with 0.5 ml of ALT or AST assay solution (Shanghai three shorter peptides mimicking functionall and a2
Rongsheng Company, China) and then measured in a specdomain of MICA (residues 16—20 named as P1, residues

trophotometer following the supplier’s protocol. 72-82 as P2 and residues 156-167 as P3) were synthesized,
among which two peptides (P2 and P3) were lengthened at
2.6. Isolation of mononuclear cells (MNCSs) from liver one or both ends (residues 58-84 named as P2L and residues

147-173 as P3L). The positions of the five peptides (P1, P2,

Under deep ether anesthesia, mice were euthanized byP2L, P3, P3L) were shown ifig. 1B. P1 consisted of five
exsanguinations from the subclavian artery and vein, and thenamino acids (DGSVQ) mimicking a part ofL domain of
the livers were removed. Liver mononuclear cells (LMNC) MICA (position 16—-20) 12 loop). P2 was composed
were obtained as previously descriljéd]. In brief, the liver of 11 amino acids (KDLRMTLAHIK), mimicking another
was passed through a 200-gauge stainless steel mesh and thgrart ofal domain of MICA (position 72—82). P3 consisted
suspended in RPMI 1640 medium containing 2% FBS. After of 12 amino acids (THYHAMHADCLQ), mimicking a part
washing once, the cells were resuspended in 40% Percoll so-of 2 domain of MICA (position 156-167). The percentage
lution containing 100 U/ml heparin and centrifuged at 500 g of hydrophobic amino acids of the three small peptides was
for 10 min at room temperature. The pellet was resuspendednot more than 50%, and not at the ends. The value of Pl is
in RBC lysis buffer that consists of 155 mM NBI, 10 mM not far away from 7.0 except peptide 1 because it is too short
KHCOg3, 1 mM EDTA, and 170 mM Tris, pH 7.3. After in-  (Table ). So, all the peptides were easy to be dissolved.
cubation on the ice for 7 min, cells were harvested by cen- To calculate whether the sequences would stabilize the
trifugation and washed twice in HBSS containing 5% FCS «-helical conformation for the peptides, we used amino
before use. The degree of contamination by Kupffer cells or acid sequence analysis software by two different methods

hepatocytes was minimal. (ANTHEPROT 4.3-Garnier and ANTHEPROT 4.3-Gibrat).
The results were almost the same, indicating that the 2D
2.7. Cytotoxicity assay structures of the synthesized peptides were nearly similar as

those of corresponding elements, which was chosen as the

Four-hourPICr release assay was processed as describedemplates in MICA. The main probability profile of each
previously [35]. Briefly, target cells were incubated with amino acid was shown ifiable 2 Moreover, an unrelated
40wl 5Cr (5mCi/ml) (Perkin-Elmer Life Sciences, Inc., peptide, Px (RDTAQIFRVNLRT) was synthesized. Px was
Boston, MA) per 16 cells to the final volume of 100l for in theal domain of HLA-E and had the similar position and
1h at 377C under 5% CQ, and then washed three times. structure to P2.
All assays were performed in triplicate in 96-well plates at a
predefined effector—target ratio. Spontaneous relea¥€of 3.2. Inhibitory effect of the small MICA-mimicking
was determined by incubating the target cells with medium peptides on cytotoxicity of NK-92 cells
alone and was always less than 10%. Maximal release was
determined by adding SDS to a final concentration of 5%.  The inhibitory effects of the small peptides were deter-
Based on the predefined effector—target ratio, effector cells mined by using'Cr release cytotoxicity assay on human NK
were added t8'Cr-labeled target cells in RPMI medium1640 cell line (NK-92) against target tumor cells (Hela). At the ef-
to a total volume of 20Ql, and the mixture was incubated fector/target ratio of 10:1, NK-92 cells (2@ells/well) were
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first incubated in proper medium containing 1 nM peptide
for 30 min at room temperature, and then added wAr-
labeled target cells (focells/well). All three peptides, P1,
P2 and P3 inhibited the cytotoxicity of NK-92 cells against
Hela cells Fig. 2A). In contrast, the unrelated peptide Px (10
folds of concentration, 10 nM) had no effect on the system of
NK-92—Hela Fig. 2A). We also examined the effects of the
peptides on cytotoxicity of NK-92 cells against another target
cellline, K562, which lacked MICA, and found that the pep-
tides did not exert any effects on this NK-92/K562 system
(Fig. 2B). These results demonstrated that the peptides we
used were specifically acting on the NKG2D/MICA interac-
tion. The dose response of the inhibitory effects of the small
peptides was also examined. As indicated-ig. 2C, the
peptide dose-dependently inhibited the NK-92 cytotoxicity
against Hela cells in the concentration of 1 nvi 10-6 nM.

3.3. Increased inhibitory effect of the longer form or
more binding sites of peptides

We also tested the inhibitory effects of the five peptides
in different combinations. The results showed that each com-
bination with two peptides (P1+ P2, P1+P3, P2+ P3, each
in 1nM) exerted a stronger function than single peptide
(Fig. 3A), the inhibitory percent (reduction of the percentage
of specific lysis/the percentage of specific lysis of PBS group)
was increased from 18% (P3) to 32% (P2 + P3). When three
Fig. 1. The simulative position of the five synthetic peptides. (A) Three- peptides (P1+ P2+ P3) were added together, the inhibitory
dimensional modeling of the structure of NKG2D-MICA complex. Homod-  effect reached 38% at maximum. The inhibitory capacity
imer molecules of NKG2D are divided into molecules A and B (NKG2D-A  of combination with all three peptides (P1+P2+P3) was

and NKG2D-B), and single molecule MICA contain domain, which in- . .
teract with NKG2D-A, andx2 domain, which interact with NKG2D-B. (B) close to that of soluble MICA (SN”CA) in the experiments

The simulative positions of the five synthetic peptides on MICA molecules (Fig. :{:)' while the control peptides did not show any effects

and their relation to NKG2D. The red line means the normal-length synthe- 0N this system (data not shown).

sized peptides (P1, P2, P3), the green line means the two lengthened peptides  In addition, P2 and P3 were substituted by their longer

(P2L, P3L). form P2L and P3L, respectively. We found that longer form
of peptide exerted a stronger inhibitory effect on NK-92 cy-
totoxicity, either alone or in combination with other peptides

Table 1

The polarity of the peptides

No. Position Sequence and polarity PHI

P1 16-20 D#HGMSMHVEHQM) 3.0

P2 72-82 KEDHLEORHEME)THL(-)A(-) 106
HHI(E)KE®)

P3 156-167 THHHYHHHAEM(EHEHA 6.3
(=5)D®HCEHL()QM)

P2L 58-84 KOTHWEDHREHEMH T(HRE) 9.8

DAL THGHKEHDMHLHR(E)
M) TEHLEAEHM® () KEH)D(+)
QM)
P3L 147-173 EFDHALOM)KEH)THKEFH)T(#) 8.8
HHY()H®HA(-)M(-)H#H)A(-)D
HCHLEHQWMEHLEHRMEHRMY
(5)L(5)K(H)S(H)
“+" means that the amino acid is hydrophilic-" means that the amino acid is hydrophobic;“*" means that the amino acid’s polarity is not clear. The
hydrophobic amino acids are not more than 50%, and not at the ends. The value of PHI is not far away from 7.0 except peptide 1 (it is too short). 86 the peptid
are easy to be dissolved.
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Table 2
The 2D simulative structures of the peptides
No. Position Simulation 2D sequence
P1 16-20 DGSVQ
A TTCEE
B CCCEE
P2 72-82 KDLRMTLAHIK
A HHHHHHHHHHH
B HHHHHHHHHHH
P3 156-167 THYHAMHADCLQ
A HHHHHHHHHHHH
B HHHHHHHHHHHH
P2L 58-84 KTWDRETRDLTGKDLRMTLAHIKDQ
A CCCCTETTHTCTTCCCHHHHHHHHH
B CCHHHCHHHCCCCHHHHHHHHHHHH
P3L 147-173 EDAMKTKTHYHAMHADCLQELRRYLKS
A HHHHHHHHHHHHHHHHHHHHHHHHHHH
B HHHHHHHHHHHHHHHHHHHHHHHTTTH

A: The peptides 2D structure was simulated by Garnier method; B: the peptides 2D structure was simulated by GibraHntethiegdE: sheet T: turn; C:

coil.

=

Specific lysis (%) ©

Specific lysis (%);5 Specific lysis (%)

Pt P2 P3 PX PBS
60 1 *—*\\l P
40 -
20 4 P1 P2 P3 PX
0 L PR TR 1
0 106 103 1 0 10 10 1 0 10% 103 1 0 106 102 1
Peptides (nM)

Fig. 2. The inhibitory effects of the synthetic MICA-mimicking peptides on
cytotoxicity of NK-92 cells. (A) The inhibitory effects of the synthetic pep-

3.4. Inhibitory effect of the MICA-mimicking peptides in
vivo

Rodent homologues of MICA and MICB have not been
identified, but other molecules, such as RAE-1 and H-60,
serve as ligands of mouse NKGZM6,27,39,43] Murine
NKG2D molecule is characterized as the similar primary
amino acid sequence and global structure to human NKG2D
[27,39] So we tried to use these peptides targeting at human
NKG2D functional domain in murine model. First, we found
that P1 + P2 + P3 combination (1 nM for each peptide) could
inhibit the natural cytotoxicity of murine splenocytes against
murine NK target YAC-1 cells, which is RAE-1 positi{#] in
vitro. Meanwhile, the Px peptide did not exert any effects on
this systemFig. 4A), revealing the possibility that these pep-
tides mimicking MICA and targeting human NKG2D may

tides on NK-92 (effector): Hela (target) system. The dosages of the peptidesact on murine NKG2D through the similar surface struc-

were 1nM. The effector-to-target ratio was 10:1. Hela cells were MICA
positive and sensitive to NK-92 killing. The peptides inhibited the killing
of Hela cell exerted by NK-92 cells. (B) The inhibitory effects of the syn-

ture. The combination mixture of P1+ P2+ P3 was then in-
travenously injected into C57BL/6 mice 4 h earlier before

thetic peptides on NK-92 (effector): K562 (target) system. The dosages of harvesting of liver lymphocytes. The cytotoxicty of liver lym-
the peptides were 1nM. The effector-to-target ratio was 5:1. K562 cells phocytes from peptides-treated mice against YAC-1 cells was
were NK-92-sensitive but MICA negative. The peptides did not exert any decreased by 36.67%i(]. 4B) suggesting that natural cyto-

inhibitory effects on this E: T system. (C) The dose response of the synthetic
peptides on NK-92:Hela system. The dosages of the peptides were 1 nM

1073 and 10°° nM, respectively. The data were the meas.E. of tripli-
cate determinants P*< 0.05). This experiment was repeated five times with
similar results.

or other form of peptidesHig. 3B), but the control peptides

toxicty in vivo was partly blocked by the MICA-mimicking

‘peptides.

Furthermore, we used concanavalin A (Con A)-induced
murine hepatitis, a well-recognized T cell-mediated liver in-
jury model[1,21,28]to demonstrate the in vivo effect of the
synthetic peptides on NKG2D-mediated autoimmune injury.
After Con A intravenous injection (3og/gwt.), C57BL/6

corresponding to the longer form peptides did not show any mice developed distinguished liver injury as assessed by en-
effects on this system (data not shown). It suggested thathanced activities of circulating liver enzymes, i.e., plasma

shedding of more amino acid sequencex@f domain (for
example, P3L > P3) or more domain sites of MICA [for ex-
ample, P2 + P31 +a2) > P2 @1) or P3 (2)] is better than
fewer sites binding. And the maximal inhibitory effect of

alanine aminotransferase (ALT, 54%3%92I1U/ml) at 6h

(Fig. 4C, PBS group). If injection of Con A and peptides
(P1+P2+P3, 50.g/gwt.) together, the ALT level was down
to 3195+ 461 IU/ml (41.19% inhibiting rate), and the unre-

P1+P2L +P3L reached to the same level as that of SMICA |ated peptides (Px) did not exerted any effects on liver in-

(Fig. 3C).

jury, suggesting that MICA-mimicking peptide specifically
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(A) (B)
P1+P2+P3 Eiearet
] P1+P2L
% P1+P2
P2+P3
P1 P1+P3L
P2 e P1+P3
P3 P2L+P3
P2+P3
p2L
sMicA - P2
P1+P2L+P3L P3L
P1+P2+P3 | E P3
(C) 0 20 40 0 20 40

Peptides Activity (%Inhibition)

Fig. 3. The synergistic inhibitory effects of the peptide combinations on NK-92 cytotoxicity. The target of NK-92 cells was Hela cells (E: T = é@édptitles

were 1 nm. (A) The combination of P1, P2 and P3. The inhibitory effects of single peptide were weaker than any combination (combinations witkemivo differ
peptides or three). (B) The combination of long form peptides. P2 or P3 were replaced by P2L or P3L (the long form peptide) in all combinationsr&he data a
the meant S.E. of triplicate determinants < 0.05). Similar results were obtained in three additional experiments.

(A) (C) class | molecules can provide protection for target cells that
z 207 s i express normal levels of class | molecules on their surface.
,‘g 15 6000 - Although the inhibitory receptors play a key role in regu-
E lating NK cells, activating receptors are believed to be nec-
;% 5 essary for the initial activating of NK cells. Of particular

2 interest is the lectin-like NKG2D receptor expressed on NK
® 0 ’,‘-E‘mw cells, TCRyd* T cells, CD8 TCRap* T cells, and activated

B, o R FRPRES o macrophages. MICA, one of the ligands of NKG2D in hu-
T 201 i = man, displays up-regulated surface expression on stressed
.‘g 15 = 2000 cells and is over-expressed by tumors. Recent studies show
2 404 that the membrane expression of NKG2D ligands (MICA and

o . . . . .

- 5. MICB), in several tumor cell lines resulted in the rejection of

o the tumor cells, even when the tumor cells expressed normal
w 0- 0

levels of MHC class | moleculd41,18,32,40]On contrary,
over-expression of MICA, especially over-secretion of the
soluble MICA molecules from tumor cells might alleviate
the anti-tumor immune response by blocking interaction be-
tween NKG2D with membrane MICA on tum{84], reveal-

ing the importance of NKG2D-MICA interaction in tumor

PBS Px P1+P2+P3 PBS Px P1+P2+P3

Fig. 4. The inhibitory effects of synthetic peptides on Con A-induced liver
injury in vivo. (A) The direct inhibitory effects of peptides (P1+P2+P3,
1nm each) on cytotoxicty of murine hepatic mononuclear cells (MNC)
against sensitive target cells, YAC-1 cells, using #@r release assay in

vitro. The ET ratio was 100:1. (B) The decreased cytotoxicity of liver MNC g, sejllance or tumor escape. In this study, the soluble small
against YAC-1 cells after injection of mice with the peptides. Mice were

injected i.p. with P1+ P2+ P3 (40 of 1 mM) 3h before they were kiled  PEPtIdeS mimicking MICA molecules were the first observed
and the hepatic MNCs were prepared. The cytotoxicty assay was the samelO display a similar inhibitory effect on NK-92 cells against
as inFig. 4A. (C) The alleviation of liver injury by injection of the peptides  their target tumor, Hela cells, which further confirmed the
into Con A-induced murine hepatitis model. After intravenous injection of pub|i3hed observation. On the other hand, it revealed that the
peptides (P1+ P2+ P3, total 4f0of each 1 mM) and Con A (1hg/gwt.), small peptides designed by us may replace, at least partly, the
the level of serum ALT was examined at 12h. The data are the ta&af. function of full soluble MICA molecules, indicating that the
from five mice (**<0.05). . R . . .

peptides mimicking sites on MICA are important function-
ally domain.

The inhibitory effects of the soluble small peptides were
also observed in a mouse hepatitis model, a Con A-induced,
NKT cell-mediated and almost all lymphocytes including
NK cells-involved liver injury[13]. The homologues of hu-
man MICA and MICB to mice have not been identified, but

NK cells are innate effector cells playing a critical role in  other molecules, such as RAE-1 and H-60, were identified to
the defense against certain viral infections and tumors. Re-serve as ligands of murine NKGZD6,27,39,43]Moreover,
cent studies have indicated that the function of NK cells is murine NKG2D molecule is characterized with the similar
regulated by the integration of signals from inhibitory and amino acid sequence and global structure as human NKG2D
activating receptors. Inhibitory receptors specific for MHC [27,39] and murine NKG2D were constitutively expressed

alleviated the Con A-induced, T lymphocytes-mediated liver
injury.

4. Discussion
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on murine lymphocytes including T cells, NK cells and NKT imal inhibition, replacement of P2 and P3 with their longer
cells[7,12,20,29,30,33Blockade of NKG2D recognitional-  form P2L and P3L demonstrated enhanced inhibitory effects,
leviated the pancreatic injury in murine autoimmune diabetes suggesting that shedding of more amino acid sequeng2 of
(NOD mice), indicating that NKG2D may be considered as a domain (for example, P3L >P3) or more domain sites [for
target molecule against autoimmune diseases. So, we tried texample, P2 + P31 +a2) > P2 @1) or P3 (2)] are better
use peptides targeting on human NKG2D functional domains than fewer sites binding. These data are helpful to explain the
in murine model. It is the first time to indicate that NKG2D specific function of synthetic peptides on NKG2D-MICA in-
molecules may participate in the autoimmune process. Sinceteraction.

NKG2D was not the only activating receptor expressed on
NK cells and other lymphocytes, the cytotoxicity of NK-92
cells could not be completely blocked by these small pep-
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