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Abstract
According to the missing-self hypothesis, natural killer (NK) cells survey for target cells that lack MHC-I

molecules. The Ly49 receptor family recognizes loss ofMHC-I and is critical for educating NK cells, conferring the
ability to eliminate transformed or infected cells. In this study, we evaluated their requirement in innate immune
surveillance of cancer cells using genetically manipulated mice with attenuated expression of Ly49 receptors
(NKCKD) in several models of carcinoma and metastasis. We found that NKCKD mice exhibited uncontrolled
tumor growth andmetastases. Expression of twoMHC-I alleles, H-2Kb and H-2Db, was decreased in tumors from
NKCKD mice in support of the likelihood of NK-mediated tumor immunoediting. These tumor cells exhibited
directed alterations to their cell surface expression in response to the genetically altered immune environment to
evade host recognition. Immunoediting in NKCKDmice was restricted toMHC-I molecules, which are ligands for
Ly49 receptors, while expression of Rae-1 and Mult1, ligands for another NK cell receptor, NKG2D, were
unaffected. Restoring NK cell education in NKCKD mice with a transgene for the inhibitory self-MHC-I receptor
Ly49I restored suppression of cancer onset and growth. Interestingly, immune surveillance mediated by
activating Ly49 receptors remained intact in NKCKD mice, as demonstrated by the ability to stimulate the
NKG2D receptor with tumor cells or splenocytes expressing Rae-1. Together, our results genetically establish the
integral role of Ly49 in NK cell-mediated control of carcinogenesis through MHC-I–dependent missing-self
recognition. Cancer Res; 74(14); 3684–94. �2014 AACR.

Introduction
Natural killer (NK) cells were originally identified by their

unique killing of tumor cells without prior sensitization, which
differed from the defined functions of T and B lymphocytes
(1, 2). Rare individuals with reduced NK cell numbers, cyto-
toxicity, and/or cytokine production are characteristically
more susceptible to certain viral infections, highlighting the
necessity of NK cells in immunity (3). Low NK cell activity in
cancer-diagnosed individuals is associated with poor progno-
sis, and those with advanced stage cancer often possess
minimally cytotoxic NK cells (4).

NK cells recognize tumor targets by the action of various
activating and inhibitory receptors on their surface (5).
Members of the Ly49 receptor family, the murine functional

homologue of the human killer-cell Ig-like receptor (KIR)
family, can be either activating or inhibitory, and interact
with MHC-I molecules (6). NK cells detect aberrant cells
with reduced surface expression of MHC-I through the Ly49
receptors: successful engagement of MHC-I transmits an
inhibitory signal, whereas an absence of MHC-I and/or the
presence of activating ligands induces killing (7–9). Accord-
ingly, target cells can express ligands that bind to a variety of
activating and inhibitory receptors on NK cells, and the
interplay between inhibitory and activating signals deter-
mines the NK cell response (5). NK cell functionality depends
on earlier exposure to MHC-I, as proposed by the education
hypothesis, in which a self-specific Ly49 receptor must
interact with self-MHC-I in order for the NK cell to become
functional (10, 11).

Cancer immunoediting describes how the immune system
possesses a dual role in protecting the host, as well as in
shaping the tumor environment (12). Tumors evade immune
recognition through various mechanisms, such as alteration of
the tumormicroenvironment or changes inMHC-I expression.
Reduced or complete loss of MHC-I expression has been seen
in a wide array of human cancers, including colorectal (13, 14),
breast (13, 15), bladder (16), ovarian (17), and cervical carci-
noma (18), suggesting the presence of immunoediting.

Our laboratory has generated a mutant mouse strain in
which expression levels of the Ly49 receptors—as well as the
NKG2, CD94, and KLRI receptors—in the mouse natural killer
gene complex (NKC) are downregulated (19). NKCKD mice
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provide a genetically based approach to study the impor-
tance of Ly49 receptors in cancer immunosurveillance. As
previously described (19), NKCKD mice exhibit silenced Ly49
expression on approximately 80% of NK cells but with
normal cell numbers and proportions, as well as unaffected
expression levels of cell surface markers encoded outside the
NKC. In this study, we show that Ly49 plays a major role in
NK cell cancer immunosurveillance.

Materials and Methods
Mice
C57BL/6 (B6), B2m�/�, and Em-myc transgenic [strain: B6.

Cg-Tg(IghMyc)22Bri/J]micewere purchased fromThe Jackson
Laboratory. Ly49ITg mice were kindly provided by Dr. Michael
Bennett (University of Texas, Dallas, TX) and backcrossed to
the C57BL/6 background for at least six generations. B6.
Ly49129, B6.NKCKD (Klra15tm1.1Apma), and NKCKD-Ly49ITg mice
were previously described (19–21). Because of linkage disequi-
librium, B6.NKCKDmice possess a 129-derived NKC. Therefore,
the B6.Ly49129 congenic mouse strain, which harbors a 129-
derived NKC on the B6 background, serves as the genetically
correct wild-type (WT) control. For brevity, B6.NKCKD and B6.
Ly49129 are referred to as NKCKD and WT.
Em-myc transgenic mice were crossed with WT and NKCKD

to produce WT.Em-mycTg and NKCKD.Em-mycTg mice, respec-
tively. Genotyping for the Em-myc transgene was performed by
PCR using primers: forward 50CTGGGTCACTCACATTTAAC
and reverse 50GTATATCAGTCACCGCAGGT to attain a prod-
uct size of approximately 500 bp. All in vivo experiments
utilized mice between 6 and 9 weeks of age. Breeding and
manipulations performed on animals were in accordance with
and approved by the University of Ottawa Animal Ethics
Committee (Ottawa, Ontario, Canada).

Cells, antibodies, and flow cytometry
B16F10.LacZ was kindly provided by Dr. Rebecca Auer

(Ottawa Hospital Research Institute, Ottawa, Ontario,
Canada). All cell lines have been tested and authenticated.
MHC-I staining of all tumors cells are conducted every 6 to
12 months. All cell lines were verified to be mycoplasma free
and showed appropriate pathologic morphology. B16F10.
LacZ was stably transfected with H-2Kb-pEF6 and/or H-
2Db-pEF6 expression vectors using Lipofectamine 2000 (Invi-
trogen), as per manufacturer's guidelines, and selected in 4.5
or 9 mg/mL blasticidin. Antibody staining was performed
using anti-H-2Kb (AF6-88.5.5.3; eBioscience), anti-H-2Db

(KH95; BD Biosciences), anti-MULT1 (5D10; eBioscience),
and anti-pan Rae-1 (186107; R&D Systems). Cells were
acquired on a CyAN-ADP flow cytometer with Summit 4.3
software (Beckman Coulter), and analyzed using Kaluza 1.2
software (Beckman Coulter).

Flank tumor model
WT, NKCKD, and NKCKD-Ly49ITg mice were challenged on

the right flank by subcutaneous injection of 5� 105 or 1� 106

RMA, RMA-S, B16F10.LacZ, B16F10.H-2Kb H-2Db, or B lym-
phoma cells in PBS. Mice were monitored daily for tumor
development. Date of tumor appearance was recorded from

when the tumor is first palpable. Tumor size was determined
using an electronic caliper (Marathon) to measure the length
and width. Mice were euthanized upon tumor length or width
exceeding 12 mm.

Experimental metastasis model
WT, NKCKD, and NKCKD-Ly49ITg mice were intravenously

challengedwith 1� 105 or 2� 105B16F10.LacZ cells in PBS. For
experiments with poly(I:C) stimulation, 100 mg of poly(I:C) in
PBS were injected intravenously 24 hours before tumor injec-
tion. Animals were euthanized 5 or 14 days following tumor
inoculation and lungs were stained with X-gal (Bioshop) as
described previously (22). Representative tumor burden was
determined on the largest lung (left) lobe, by the number of
surface visible metastases. For histology, fresh-frozen lungs
embedded in OCT were sectioned at 8 mm thickness and
hematoxylin and eosin (H&E) stained.

Carcinogen-induced model
WT and NKCKD mice were injected subcutaneously into

the hind flank with 100 mg methylcholanthrene dissolved in
corn oil. Mice were monitored weekly for tumor develop-
ment and scored as tumor positive upon tumor width
exceeding 5 mm and exhibiting progressive growth. Tumor
size was determined using an electronic caliper (Marathon)
to measure length and width. Sarcoma growth rate (mm2/
day) was calculated from tumor area with respect to number
of days post-MCA injection.

Spontaneous lymphoma model
Em-mycTg mice were monitored daily, and euthanized upon

exhibiting progressively swollen lymph nodes upon palpation
or respiratory distress. The spleen and lymph nodes were
dissociated to attain a single cell suspension. Tumor cells were
incubated with Fc block (anti-CD16/CD32), then stained with
anti-IgM (eB121-15F9; eBioscience), anti-B220 (RA3-6B2;
eBioscience), anti-H-2Kb (AF6-88.5.5.3; eBioscience), anti-H-
2Db (KH95; BD Biosciences), anti-Mult1 (5D10; eBioscience),
and anti-pan Rae-1 (186107; R&D Systems). Mean fluorescence
intensity (MFI) for H-2Kb, H-2Db, Rae-1, and Mult1 expression
in the spleen and lymph nodes of Em-mycTg mice was stan-
dardized to levels in WT control mice.

In vitro and in vivo NK cell assays
Adherent lymphokine (IL2)-activated killer (ALAK) cells

were grown in culture and used as effector cells in [51Cr]-
release cytotoxicity assays, as previously described (23). Intra-
cellular staining for IFNg was performed as previously
described (19). NKp46þTCRb�cells were analyzed for IFNg by
flow cytometry. Splenocyte and tumor cell rejection assays
were performed as previously described (19, 21). Alternatively,
MHC-I–expressing, MHC-I–deficient, and MHC-I–deficient
Rae-1b–expressing tumor cells were differentially labeled with
0.5, 3, and 8 mmol/L carboxyfluorescein diacetate succinimidyl
ester (CFSE), and combined at a 1:1:1 ratio for a total of 2� 106

cells. Peritoneal cells were harvested 16 hours following injec-
tion and analyzed by flow cytometry for the presence of CFSE-
labeled tumor cells.
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Statistical analysis
Statistical comparisons were performed on Kaplan–Meier

plots depicting tumor onset using the log-rank test with
Prism (GraphPad Software). For the remainder, statistical
significance was determined by a two-tailed t test with cutoff
P value of 0.05. �, P < 0.05; ��, P < 0.01; ���, P < 0.001; n.s., not
significant.

Results
Accelerated tumor cell-induced flank tumor growth in
NKCKD mice

It was of interest to determine whether the lack of MHC-I
immunosurveillance by NK cells in NKCKD mice affects long-
term tumor control. Onset of MHC-I–deficient RMA-S–
induced flank tumor formation was detected at least 3 days
earlier in NKCKD mice than WT mice (Fig. 1A and C). Tumor
incidence was more prevalent in the NKCKD group, with 92%
(dose of 5� 105 cells/mouse) and 100% (dose of 1 � 106 cells/

mouse) developing tumors after 30 days, compared with 65%
and 85%, respectively, in the WT group (Fig. 1A and C). Tumor
size at comparable dateswas larger in NKCKDmice (Fig. 1B and
D); the overall growth rate of the tumors in NKCKD mice is
accelerated. Tumor development and growth inNKCKDmice is
comparable with that of B2m�/� mice (Fig. 1C and D), which
also possess hyporesponsive NK cells.

B16F10 are highly aggressive murine melanoma cells that
lack MHC-I expression (24, 25). Subcutaneous injection of
1 � 106 B16F10.LacZ cells promoted solid tumor formation
in both NKCKD and WT mice. At day 6, 7% of WT mice
developed tumors in contrast with 53% of NKCKD mice (Sup-
plementary Fig. S1A). Tumor size at comparable dates was
larger in NKCKD mice (Supplementary Fig. S1B). This defect in
NKCKD tumor control is MHC-I dependent, as flank tumor
challenge outcomes with MHC-I–expressing RMA, and trans-
fected B16F10 expressing both MHC-I molecules H-2Kb and
H-2Db were similar between NKCKD andWTmice (Fig. 1E and
F and Supplementary Fig. S1C and S1D).
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Figure 1. Accelerated tumor cell-
induced flank tumor growth in
NKCKDmice. A and B, formation of
solid flank tumors following
subcutaneous injection of 1 � 106

MHC-I–deficient RMA-S. WT n ¼
13.NKCKDn¼11. CandD, 5�105

RMA-S.WT n¼ 17. NKCKD n¼ 13.
B2m�/� n ¼ 5. E and F, 5 � 105

MHC-I–expressing RMA. WT n ¼
16. NKCKD n ¼ 16. Date of tumor
appearance (A, C, andE) andmean
tumor size � SEM (B, D, and F).
Data are pooled from three
independent experiments.
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Accelerated melanoma cell-induced metastatic growth
in NKCKD mice
The B16F10.LacZ cells were also used in an experimental

pulmonary metastases model to determine the ability of
NKCKD mice to control metastatic growth. The number of
metastases was greater in NKCKD mice compared with WT
mice regardless of incubation time and cell dose (Fig. 2A and
B). Histologically, NKCKD mice exhibited increased metastatic
nodules in the lung parenchyma, and loss of morpho-func-
tional structures such as open and wide pulmonary alveoli,
instead having alveoli obstructed with hyperemic areas (Fig.
2C). Leukocyte infiltration can also be notedmore frequently in
NKCKDmouse lungs (Fig. 2C). These data suggest an inability of
NKCKD mice to eliminate B16F10.LacZ tumor cells before they
are able to seed in the lungs.
To demonstrate that the observed hyporesponsiveness is

not due to a cytotoxic defect, the NK cells in WT and NKCKD

mice were directly activated by poly(I:C) injection. The lungs of
untreated WT mice contained a mean of 45 metastases com-
paredwith amean of 11 in the poly(I:C)-treated group (Fig. 2D).

Comparatively, for NKCKD mice, metastases were also signif-
icantly reduced from a mean of 118 to 39 with poly(I:C)
stimulation (Fig. 2D). The efficacy of poly(I:C) treatment in
both WT and NKCKD mice suggests that NK cells from NKCKD

mice are still responsive if activated in a Ly49-independent
manner.

Defective recognition of melanoma cell-induced
experimental pulmonarymetastases isMHC-I dependent

To determine whether defective rejection of the parental,
MHC-I–negative B16F10.LacZ lung metastases by NKCKD

mice is due to defective missing-self recognition, the cells
were stably transfected to express two MHC-I alleles, H-2Kb

and H-2Db, either individually or together (Fig. 3A). Trans-
fection of the cells did not affect expression of the NKG2D
ligands, Rae-1 and Mult1 (Fig. 3B). Expression of a single
MHC-I allele was insufficient to significantly protect these
tumors from WT NK control compared with the NKCKD (Fig.
3C and E). However, expression of both H-2Kb and H-2Db

(Fig. 3G) resulted in similar metastatic numbers in the lungs
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Figure 2. Accelerated melanoma
cell-induced metastatic growth in
NKCKD mice. Pulmonary
metastases induced by
intravenous injection of MHC-I–
deficient B16F10.LacZ melanoma
cell. A and B, 2� 105 cells injected
and harvested 5 days later (A), and
1 � 105 cells injected and
harvested 14 days later (B). Data
are pooled from three independent
experiments. C, representative
whole lung image and cross-
section H&E staining of lungs
harvested 14 days following
intravenous injection of 1 � 105

B16F10.LacZ cells. D, stimulation
with 100 mg poly(I:C) before
injection of 2 � 105 B16F10.LacZ
cells. Number of metastases
quantified on largest lung lobe after
5 days. Data are pooled from two
independent experiments. Each
symbol represents a single mouse.
Horizontal line represents mean.
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intravenous injection of MHC-I–deficient B16F10.LacZ transfected with H-2Kb, H-2Db, or both. Flow cytometry results showing H-2Kb and H-2Db (A), and
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of WT and NKCKD mice, suggesting a loss of NK-mediated
control due to MHC-I inhibition. These results suggest that
NK cell recognition and elimination of B16F10.LacZ tumor
cells are MHC-I dependent, because upon expression of both
H-2Kb and H-2Db, metastatic numbers in WT and NKCKD

mice are comparable. Similarly to the parental B16F10, poly
(I:C) stimulation before tumor challenge greatly reduced the
number of metastases in both WT and NKCKD compared
with untreated (Fig. 3D, F, and H). These results support that
the hyporesponsive nature of NK cells from NKCKD mice is
not due to a more generalized defect because stimulation
restores function.

Inhibitory self-MHC-I–specific Ly49I restores NK cell
cancer immunosurveillance in NKCKD mice
To test the hypothesis that NK cells from NKCKD mice are

uneducated and hyporesponsive, and therefore unable to
control tumor and metastatic growth, a transgene for Ly49I
was introduced into NKCKD mice. Introduction of the Ly49ITg

significantly delayed RMA-S–induced flank tumor onset in
NKCKD mice, approaching WT levels (Fig. 4A). WT and
NKCKD-Ly49ITg mice presented with similar late period tumor
growth, in contrast with NKCKD mice (Fig. 4B). Similar results
were also seen with the experimental lungmetastases, wherein
the number ofmetastases was reduced in NKCKD-Ly49ITgmice
(mean of 24) compared with NKCKD (mean of 89; Fig. 4C).
These observed differences in the numbers of metastases
suggest that Ly49I-mediated education is necessary to engen-
der an NK cell response against tumors.

Accelerated onset and growth of MCA-induced sarcoma
in NKCKD mice
Previous studies show a role for NK cells in controlling

methylcholanthrene (MCA)-induced tumors (26–28). It was of
interest to determine whether NKCKD mice with hyporespon-
sive NK cells would be more susceptible to MCA-induced
tumors. NKCKD mice exhibited earlier sarcoma onset than
WT; by day 85, all NKCKD mice had developed tumors, com-
pared with approximately 50% of WT mice (Fig. 5A). Tumor
growth was accelerated in NKCKD mice (Fig. 5B), with a
significantly greater relative growth rate in NKCKD (mean of
1.97) than WT mice (mean of 0.65; Fig. 5C). This suggests that
control of MCA-induced tumors is impaired in NKCKD mice,
and that the defect is not restricted to MHC-I–deficient tumor
cell recognition.

Earlier onset of B-cell lymphoma and evidence for MHC-
I–directed tumor immunoediting in NKCKD mice
Em-myc transgenic mice possess the myc oncogene coupled

to the immunoglobulin m enhancer, resulting in spontaneous
B-cell lymphoma development, a lethal malignancy starting at
6 weeks of age (29). Considering the pathologic importance of
this cancer, especially with parallels to human Burkitt lym-
phoma, NKCKD.Em-mycTg and WT.Em-mycTg mice were gener-
ated to study the effect of silenced Ly49 expression. NKCKD

mice developed lymphomas significantly earlier thanWTmice,
and exhibited reduced tumor control; following 100 days of age,
approximately 60% of WT mice were lymphoma positive,

compared with approximately 90% of NKCKD mice (Fig. 6A).
Although both groups possessed mice exhibiting delayed
lymphoma onset, this lapse was more prominent in WT mice.

Because NKCKD mice lack MHC-I–educated NK cells, it was
of interest to determine whether this would lead to cancer
immunoediting. To test this hypothesis, immature (IgM�) and
mature (IgMþ) B lymphoma cells from the spleen and lymph
nodeswere analyzed for expression of theMHC-Imolecules, H-
2Kb andH-2Db, as well as the NKG2D ligands, Rae-1 andMult1.
NKCKD.Em-mycTg mice exhibited reducedMHC-I expression in
both the mature and immature B-cell populations compared
with WT mice with and without the Em-mycTg (Fig. 6B–H). In
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Figure 4. Inhibitory self-MHC-I–specific Ly49I restores NK cell function in
NKCKD mice. Formation of solid flank tumors following subcutaneous
injection of MHC-I–deficient RMA-S. A and B, date of tumor appearance
(A) and mean tumor size � SEM (B). WT n ¼ 15. NKCKD n ¼ 16.
NKCKD-Ly49ITg n ¼ 18. C, quantification of pulmonary metastases
induced by 2� 105 B16F10.LacZmelanoma cells harvested 5 days later.
Each symbol represents a singlemouse.Horizontal line representsmean.
Data are pooled from three independent experiments.
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contrast, expression of NKG2D ligands was negligible or very
low, with no statistically significant differences between WT.
Em-mycTg and NKCKD.Em-mycTg (Supplementary Fig. S2A–
S2G). This highlights the significance of the observed down-
regulation of MHC-I in NKCKD.Em-mycTg.

B lymphoma cells were isolated from a NKCKD.Em-mycTg

mouse that exhibited reducedMHC-I expression and low-level
expression of NKG2D ligands (Fig. 6I). This decrease in MHC-I
expression rendered the tumor cells more susceptible to
rejection by WT mice compared with NKCKD mice (Fig. 6J).
Furthermore, WT mice were able to better control the growth
of B lymphoma cell-induced flank tumors (Fig. 6K). Overall, our
observation of decreased MHC-I expression in NKCKD.Em-
mycTg, but not NKG2D ligand expression, suggests that
silenced Ly49 expression in NKCKD mice leads to MHC-I–
directed tumor immunoediting.

Signaling through NKG2D is unaffected in NKCKD mice
To study the effects of activating ligand expression onMHC-

I–expressing and –deficient target cells in NKCKD mice, the
rejection of splenocytes from B6 or B2m�/� mice transgeni-
cally expressing Rae-1 was studied. Activation through NKG2D
is intact in NKCKD mice because rejection of splenocytes from
Rae-1eTg mice were similar between WT and NKCKD (Fig. 7A).
Although there is lower rejection of B2m�/� Rae-1eTg spleno-
cytes by NKCKD mice than WT mice, this can be attributed to
the loss of MHC-I expression on these cells, as seen in the
rejection ofB2m�/� (Fig. 7B). Similarly, in vivo rejection of RMA
and RMA-S ectopically expressing Rae-1b by WT and NKCKD

mice showed parallel results. Rejection of both Rae-1bhigh and
Rae-1blow cells were similar (Fig. 7C–E), suggesting that
NKG2D signaling is fully intact in NKCKD mice. Although
rejection of RMA-S-Rae-1b was lower in NKCKD mice (Fig.
7F), this is attributed to theMHC-I deficiency of these cells, and
is evidenced by the differential rejection of RMA-S by WT and
NKCKD mice. These results suggest that although NKCKD mice
exhibit defective missing-self recognition, signaling through
NKG2D, independent of MHC-I expression, is able to induce
NK cell killing.

Decreased cytotoxicity but not IFNg production in
NKCKD mice

It was of interest to determine whether loss of Ly49 expres-
sion affects cytotoxicity or IFNg production by NK cells. NK
cells from NKCKD mice exhibited normal production of IFNg
following stimulation with PMAþionomycin (Supplementary
Fig. S3A), as well as various tumor cells: RMA, RMA-Rae-1blow,
RMA-Rae-1bhigh, RMA-S, and RMA-S-Rae-1b (Supplementary
Fig. S3B), suggesting that loss of Ly49 does not affect IFNg
production. A direct comparison of the killing betweenWTand
NKCKDmice was studied through an in vitro cytotoxicity assay.
The direct killing of the MHC-I–deficient tumor cells, RMA-S
(Supplementary Fig. S3C) and RMA-S-Rae-1b (Supplementary
Fig. S3D), by NKCKD-derived ALAK cells is impaired, while
killing of MHC-I–expressing RMA and RMA-Rae-1bhigh and
RMA-Rae-1blow is comparable between WT and NKCKD, sug-
gesting a cytotoxicity defect with regards to missing-self
recognition. Although there is observed killing of RMA-S by
NKCKD cells, which is not expected, the levels are lower than
that ofWT andmay be attributable to residual Ly49 expression
on approximately 20%ofNKcells inNKCKDmice. Overall, these
results suggest that loss of Ly49 affects the cytotoxicity of the
NK cells in response to missing-self signals.
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Figure 5. Accelerated onset and growth of MCA-induced sarcoma in
NKCKD mice. Sarcoma development following subcutaneous injection
of 100 mgMCA into the hind flank ofWT (n¼ 10) andNKCKD (n¼10)mice.
Mice were observed weekly for tumor development. A, date of tumor
appearance. B, individual tumor growth was measured weekly with each
line representing tumor growth in a singlemouse. C, sarcomagrowth rate
calculated from tumor size with respect to time. Top and bottom limits of
the box represent 25th and 75th percentiles, with whiskers indicating
minimum and maximum values. Data are pooled from two independent
experiments.
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Discussion
NK cells are known to play an important role in the in vivo

recognition and control of tumors (30). Our genetic NKCKD

mouse model provides long-term Ly49 downregulation,
allowing a study of NK cell targeting in cancer immunosur-
veillance. Flank tumor growth induced with MHC-I–deficient
tumor cells is accelerated in NKCKD mice; however, those
induced with MHC-I–expressing tumor cells were compara-
ble between WT and NKCKD mice. This suggests the uncon-
trolled tumor growth in NKCKD mice is a result of defective
missing-self recognition. In the pulmonary metastasis model,
there are a greater number of metastases on the lungs of
NKCKD mice than WT mice. However, the number of metas-
tases induced byMHC-I–expressing transfectants inWTmice
approached NKCKD levels, because the functional NK cells are
now inhibited by MHC-I on the tumor cells. Flank tumors
induced with the carcinogen, MCA, exhibited accelerated
onset and growth in NKCKDmice, in accordancewith previous

work demonstrating control of MCA-induced tumors by NK
cells (26, 27). Finally, in the oncogene-driven B-cell lymphoma
model, we observed that mice on the NKCKD background
develop lymphoma earlier than their WT counterparts also
possessing the oncogene. The defect in NKCKD mice is due to
reduced cytotoxicity of the NK cells because decreased killing
is observed in response to missing-self. Signaling through
NKG2D is fully intact in NKCKDmice; in vitro killing and in vivo
rejection of RMA Rae-1–expressing target cells are similar
between WT and NKCKD mice. The observed differential
killing and rejection of RMA-S-Rae-1–expressing target cells
by WT and NKCKD mice may be attributable to defective
missing-self recognition in NKCKD mice; though there is
evidence that signaling through NKG2D may compensate for
such defects (19).

Studies have reported that NK cells must undergo an
education process in which interaction between inhibitory
self-specific Ly49 and MHC-I molecules during development
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results in the acquisition of NK cell function (10, 11). In our
studies, following Ly49ITg restoration in NKCKD mice, overall
increased tumor control was observed, confirming that in vivo
education is mediated by inhibitory self-specific Ly49. As well,
the ability of Ly49I to rescue hyporesponsive NK cells supports
that the phenomenon observed is the result of a loss of Ly49
expression and not due to the partial silencing of two other
adjacent gene families, encoding the CD94/NKG2 and KLRI/E
molecules (19). Although flank tumor size in the NKCKD

-Ly49ITg mice is comparable with WT, suggesting near com-
plete restoration of NK cell control, NKCKD-Ly49ITg mice
display slightly faster tumor growth and greater number of
metastases, possibly due to the absence of other self-specific
Ly49 receptors. In a 129-strain Ly49 repertoire, Ly49I binds to
H-2Kb, and Ly49V, G2, and O bind to H-2Db (31), and so these
three other Ly49 receptors may also be important for NK cell
education. As well, the contribution of other non-self Ly49s
remains unclear; there is evidence that Ly49A recognizes the
nonclassical MHC-I molecule H2-M3 and mediates NK cell
education (32, 33). H2-M3–deficient mice exhibit defective
cytotoxicity and tumor control (32, 33).
MHC-I downregulation in various mouse and human can-

cers has been shown to be a common mechanism for tumor
escape (34, 35). B lymphoma cells isolated from NKCKD.Em-
mycTg exhibit marked downregulation of both H-2Kb and H-
2Db, in comparison with WT.Em-mycTg mice as well as normal
B cells from non-Em-mycTg mice. The hyporesponsive state of
NK cells in our NKCKD model removes any benefit of a tumor
retainingMHC-I expression to evadeNK cells, permitting these
tumors tomore readily downregulateMHC-I to escape effector
T-cell recognition.
NK-mediated immunoediting has been reported in the

context of the strong activating receptor NKG2D, with respect
to expression of its ligands H60 and Rae-1 (36, 37). Expression
of H60a was reduced following passage in Rag2�/�mice, which
lack mature T and B lymphocytes, suggesting pressures from
innate immune cells toward reduced ligand expression (36).
Increased expression of Rae-1 was observed in NKG2D-defi-
cient mice with prostate adenocarcinoma but not in mice with
B-cell lymphoma (37), suggesting that different immune eva-
sion mechanisms are undertaken by different cancers. In our
analysis of B-cell lymphomas from NKCKD and WT mice, no
difference in NKG2D ligand expression was observed, which
further highlights the differential MHC-I expression seen
between NKCKD.Em-mycTg and WT.Em-mycTg. Some cancers
secrete NKG2D ligands as a way to nullify the function of
NKG2Dþ effector cells, and in such circumstances, MHC-I
expression may be the determining factor in tumor clearance
by NK cells (38). Understanding the effects of MHC-I expres-

sion on clinical outcomes could help to improve current
treatments using Ly49 and KIR receptor signaling (39, 40).
Low MHC-I expression is highly correlated with increased
tumor-associated necrosis and poor prognosis (41, 42); how-
ever, complete loss ofMHC-I expression is an indicator of good
prognosis (43, 44). Such observations suggest that total loss of
MHC-I renders the tumor sensitive to NK cells. In contrast,
partially reducedMHC-I allows them to potentially evade both
NK and T cells: the allele for antigen presentation is lost thus
eluding T-cell recognition, and the remaining allele can inhibit
NK cells. Although cancer therapy clinical trials at present do
not include tumor MHC-I expression analysis as part of
treatmentmonitoring, such practice could potentially improve
the success of current therapieswith targeted regimens toward
specific MHC-I level and allele alterations.

This work contributes to a growing understanding of the
role and importance of the Ly49 family in NK cells, not only as
inhibitory receptors, but also as necessary mediators of NK cell
function. This study provides in vivo support for the impor-
tance of Ly49 in NK cell-mediated tumor immunosurveillance
and MHC-I–directed tumor immunoediting as a result of loss
of Ly49 expression.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Authors' Contributions
Conception and design: M.M. Tu, A.P. Makrigiannis
Development of methodology: M.M. Tu, A.P. Makrigiannis
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): M.M. Tu, A.B. Mahmoud, A. Wight, A. Mottashed,
E. Abou-Samra
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis):M.M. Tu, A.B.Mahmoud, A.Mottashed,M.M.A. Rahim
Writing, review, and/or revision of the manuscript: M.M. Tu, A. Wight,
S. Belanger, A.P. Makrigiannis
Study supervision: A.P. Makrigiannis
Monitored NKCKD.Em-mycTg and WT.Em-mycTg mice B-cell lymphoma
progression and conducted experiments associated with these mice:
A. Mottashed
Interpretation of data: A.P. Makrigiannis

Acknowledgments
The authors thankDr. Lee-HwaTai andChristiano de Souza for guidancewith

the pulmonary metastases model and helpful discussion.

Grant Support
Thisworkwas supported by the Canadian Institutes of Health Research (MOP

62841). M.M. Tu was supported by an Ontario Graduate Scholarship. A.P.
Makrigiannis is a Canada Research Chair in Innate Pathogen Resistance.

The costs of publication of this article were defrayed in part by the payment
of page charges. This article must therefore be hereby marked advertisement
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Received October 20, 2013; revised April 15, 2014; accepted May 1, 2014;
published OnlineFirst May 6, 2014.

References
1. Kiessling R, Klein E, Wigzell H. 'Natural' killer cells in the mouse. I.

cytotoxic cells with specificity for mouse moloney leukemia cells.
specificity and distribution according to genotype. Eur J Immunol
1975;5:112–7.

2. Herberman RB, Nunn ME, Lavrin DH. Natural cytotoxic reactivity of
mouse lymphoid cells against syngeneic and allogeneic tumors.

I. distribution of reactivity and specificity. Int J Cancer 1975;16:
216–29.

3. Orange JS. Human natural killer cell deficiencies and susceptibility to
infection. Microb Infect 2002;4:1545–58.

4. Pross HF, Lotzova E. Role of natural killer cells in cancer. Nat Immun
1993;12:279–92.

Ly49 in Cancer Immunosurveillance

www.aacrjournals.org Cancer Res; 74(14) July 15, 2014 3693

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/74/14/3684/2703293/3684.pdf by guest on 19 M

ay 2023



5. Lanier LL. NK cell recognition 2005;23:225–74.
6. Yokoyama WM, Kehn PJ, Cohen DI, Shevach EM. Chromosomal

location of the ly-49 (A1, YE1/48)multigene family: Genetic association
with the NK 1.1 antigen. J Immunol 1990;145:2353–8.

7. KarreK, LjunggrenHG,PiontekG,KiesslingR.Selective rejection ofH-
2-deficient lymphoma variants suggests alternative immune defence
strategy. Nature 1986;319:675–8.

8. Leiden JM, Karpinski BA, Gottschalk L, Kornbluth J. Susceptibility to
natural killer cell-mediated cytolysis is independent of the level of
target cell class I HLA expression. J Immunol 1989;142:2140–7.

9. Litwin V, Gumperz J, Parham P, Phillips JH, Lanier LL. Specificity of
HLA class I antigen recognition by human NK clones: Evidence for
clonal heterogeneity, protection by self and non-self alleles, and
influence of the target cell type. J Exp Med 1993;178:1321–36.

10. Kim S, Poursine-Laurent J, Truscott SM, Lybarger L, Song Y-, Yang L,
et al. Licensing of natural killer cells by host major histocompatibility
complex class I molecules. Nature 2005;436:709–13.

11. Fernandez NC, Treiner E, Vance RE, Jamieson AM, Lemieux S, Raulet
DH. A subset of natural killer cells achieves self-tolerance without
expressing inhibitory receptors specific for self-MHC molecules.
Blood 2005;105:4416–23.

12. Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer immu-
noediting: From immunosurveillance to tumor escape. Nat Immunol
2002;3:991–8.

13. Goepel JR, ReesRC,RogersK, StoddardCJ, ThomasWEG,Shephard
L. Loss of monomorphic and polymorphic HLA antigens in metastatic
breast and colon carcinoma. Br J Cancer 1991;64:880–3.

14. McDougall CJ, Ngoi SS, Goldman IS, Godwin T, Felix J, DeCosse JJ,
et al. Reduced expression of HLA class I and II antigens in colon
cancer. Cancer Res 1990;50:8023–7.

15. VitaleM, Rezzani R, Rodella L, Zauli G, Grigolato P, Cadei M, et al. HLA
class I antigen and transporter associated with antigen processing
(TAP1 and TAP2) down-regulation in high-grade primary breast car-
cinoma lesions. Cancer Res 1998;58:737–42.

16. CathroHP,SmolkinME, TheodorescuD, JoVY, FerroneS, FriersonHF
Jr. Relationship between HLA class i antigen processing machinery
component expression and the clinicopathologic characteristics of
bladder carcinomas. Cancer Immunol Immunother 2010;59:465–72.

17. Han L, Fletcher MS, Urbauer DL, Mueller P, Landen CN, Kamat AA,
et al. HLAclass i antigenprocessingmachinery component expression
and intratumoral T-cell infiltrate as independent prognostic markers in
ovarian carcinoma. Clin Cancer Res 2008;14:3372–9.

18. Mehta AM, Jordanova ES, Kenter GG, Ferrone S, Fleuren G-. Asso-
ciation of antigen processing machinery and HLA class I defects with
clinicopathological outcome in cervical carcinoma. Cancer Immunol
Immunother 2008;57:197–206.

19. Bel´anger S, Tu MM, Rahim MMA, Mahmoud AB, Patel R, Tai L-, et al.
Impaired natural killer cell self-education and "missing-self" responses
in Ly49-deficient mice. Blood 2012;120:592–602.

20. Liu J, Morris MA, Nguyen P, George TC, Koulich E, Lai WC, et al. Ly49I
NK cell receptor transgene inhibition of rejection of H2(b) mouse bone
marrow transplants. J Immunol 2000;164:1793–9.

21. Patel R, B�elanger S, Tai L-, Troke AD, Makrigiannis AP. Effect of Ly49
haplotype variance on NK cell function and education. J Immunol
2010;185:4783–92.

22. Kirstein JM, GrahamKC,MacKenzie LT, Johnston DE,Martin LJ, Tuck
AB, et al. Effect of anti-fibrinolytic therapy on experimental melanoma
metastasis. Clin Exp Metastasis 2009;26:121–31.

23. Makrigiannis AP, Rousselle E, Anderson SK. Independent control of
Ly49g alleles: Implications for NK cell repertoire selection and tumor
cell killing. J Immunol 2004;172:1414–25.

24. Fidler IJ. Biological behavior ofmalignantmelanoma cells correlated to
their survival in vivo. Cancer Res 1975;35:218–24.

25. Seliger B, Wollscheid U, Momburg F, Blankenstein T, Huber C. Char-
acterization of the major histocompatibility complex class I deficien-
cies in B16 melanoma cells. Cancer Res 2001;61:1095–9.

26. Smyth MJ, Thia KYT, Street SEA, Cretney E, Trapani JA, Taniguchi M,
et al. Differential tumor surveillance by natural killer (NK) andNKT cells.
J Exp Med 2000;191:661–8.

27. SmythMJ,CroweNY,GodfreyDI.NKcells andNKTcells collaborate in
host protection from methylcholanthrene-induced fibrosarcoma. Int
Immunol 2001;13:459–63.

28. Crowe NY, SmythMJ, Godfrey DI. A critical role for natural killer T cells
in immunosurveillance of methylcholanthrene-induced sarcomas.
J Exp Med 2002;196:119–27.

29. Adams JM, Harris AW, Pinkert CA. The c-myc oncogene driven by
immunoglobulin enhancers induces lymphoidmalignancy in transgen-
ic mice. Nature 1985;318:533–8.

30. KimS, IizukaK, AguilaHL,Weissman IL, YokoyamaWM. In vivonatural
killer cell activities revealed by natural killer cell- deficient mice. Proc
Natl Acad Sci U S A 2000;97:2731–6.

31. Makrigiannis AP, Pau AT, Saleh A, Winkler-Pickett R, Ortaldo JR,
Anderson SK. Class I MHC-binding characteristics of the 129/J Ly49
repertoire. J Immunol 2001;166:5034–43.

32. Andrews DM, Sullivan LC, Baschuk N, Chan CJ, Berry R, Cotterell CL,
et al. Recognition of the nonclassical MHC class i molecule H2-M3 by
the receptor Ly49A regulates the licensing and activation of NK cells.
Nat Immunol 2012;13:1171–7.

33. XuH, Chun T, Choi H-,WangB,WangC-. Impaired response to listeria
in H2-M3-deficient mice reveals a nonredundant role of MHC class ib-
specific T cells in host defense. J Exp Med 2006;203:449–59.

34. Festenstein H, Garrido F. Tumour immunology: MHC antigens and
malignancy. Nature 1986;322:502–3.

35. Restifo NP, Esquivel F, Kawakami Y, Yewdell JW, Mule JJ, Rosenberg
SA, et al. Identification of human cancers deficient in antigen proces-
sing. J Exp Med 1993;177:265–72.

36. O'Sullivan T, Dunn GP, Lacoursiere DY, Schreiber RD, Bui JD. Cancer
immunoediting of the NK group 2D ligand H60a. J Immunol 2011;
187:3538–45.

37. Guerra N, Tan YX, Joncker NT, Choy A, Gallardo F, Xiong N, et al.
NKG2D-deficient mice are defective in tumor surveillance in models of
spontaneous malignancy. Immunity 2008;28:571–80.

38. Groh V, Wu J, Yee C, Spies T. Tumour-derived soluble MIC ligands
impair expression of NKG2D and T-cell activation. Nature 2002;419:
734–8.

39. Vey N, Bourhis J-, Boissel N, Bordessoule D, Prebet T, Charbonnier A,
et al. Aphase 1 trial of the anti-inhibitory KIR mAb IPH2101 for AML in
complete remission. Blood 2012;120:4317–23.

40. Benson DM Jr, Hofmeister CC, Padmanabhan S, Suvannasankha A,
Jagannath S, Abonour R, et al. Aphase 1 trial of the anti-KIR antibody
IPH2101 in patients with relapsed/refractory multiple myeloma. Blood
2012;120:4324–33.

41. Morabito A, Dozin B, Salvi S, Pasciucco G, Balbi G, Laurent S, et al.
Analysis and clinical relevance of human leukocyte antigen class I,
heavy chain, and ß2-microglobulin downregulation in breast cancer.
Hum Immunol 2009;70:492–5.

42. Speetjens FM,DeBruin EC,MorreauH, ZeestratenECM,Putter H, Van
Krieken JH, et al. Clinical impact of HLA class I expression in rectal
cancer. Cancer Immunol Immunother 2008;57:601–9.

43. MadjdZ,Spendlove I, Pinder SE, Ellis IO,Durrant LG. Total lossofMHC
class I is an independent indicator of good prognosis in breast cancer.
Int J Cancer 2005;117:248–55.

44. Ramnath N, Tan D, Li Q, Hylander BL, Bogner P, Ryes L, et al. Is
downregulation ofMHCclass I antigen expression in human non-small
cell lung cancer associated with prolonged survival? Cancer Immunol
Immunother 2006;55:891–9.

Cancer Res; 74(14) July 15, 2014 Cancer Research3694

Tu et al.

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/74/14/3684/2703293/3684.pdf by guest on 19 M

ay 2023



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


