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ABSTRACT
◥

Abundant fibrotic stroma is a typical feature of most solid
tumors, and stromal activation promotes oncogenesis, therapy
resistance, and metastatic dissemination of cancer cells. There-
fore, targeting the tumor stroma in combination with standard-
of-care therapies has become a promising therapeutic strategy in
recent years. The leucine-rich repeat-containing protein 15
(LRRC15) is involved in cell–cell and cell–matrix interactions
and came into focus as a promising anticancer target owing to its
overexpression in mesenchymal-derived tumors such as sarcoma,
glioblastoma, and melanoma and in cancer-associated fibroblasts
in the microenvironment of breast, head and neck, lung, and
pancreatic tumors. Effective targeting of LRRC15 using specific

antibody–drug conjugates (ADC) has the potential to improve
the outcome of patients with LRRC15-positive (LRRC15þ)
cancers of mesenchymal origin or stromal desmoplasia. More-
over, LRRC15 expression may serve as a predictive biomarker
that could be utilized in the preclinical assessment of cancer
patients to support personalized clinical outcomes. This review
focuses on the role of LRRC15 in cancer, including clinical trials
involving LRRC15-targeted therapies, such as the ABBV-085
ADC for patients with LRRC15þ tumors. This review spans
perceived knowledge gaps and highlights the clinical avenues
that need to be explored to provide better therapeutic outcomes
in patients.

Introduction
Complex and dynamic interactions between cancer cells and the

surrounding tumor microenvironment play an essential role in deter-
mining the malignant potential and the aggressiveness of cancer
progression (1). Multiple autocrine and paracrine communications
between tumor cells and their surrounding stromal partners including
fibroblasts, stellate cells, endothelial cells, adipocytes, immune cells,
and the extracellularmatrix (ECM)help the tumor cells tomodify their
microenvironment in a way that supports their proliferation, growth,
survival, andmetastatic properties (2). These interactions are clinically
important for cancers with abundant fibrotic stroma like pancreatic
cancer, triple-negative breast cancer (TNBC), sarcoma, and ovarian
cancer, and non–small cell lung cancer is associated with resistance to
traditional chemotherapies and poor survival rates (3–5).

Several studies have revealed that activated stroma impairs the
active uptake of traditional chemotherapeutic drugs and creates an
immunosuppressive milieu in favor of tumor growth (6–9). Thus,
there has been a growing interest to develop therapeutic approaches
that target the tumor-stromal interaction to improve drug delivery.
These approaches are currently being pursued preclinically and in
early clinical trials in stroma-rich cancers to uncover new therapeutic
interventions (Fig. 1).

One of the most studied components of the tumor microenviron-
ment, cancer-associated fibroblasts (CAF), play a crucial role in
increased tumorigenesis and resistance to therapy through a wide
range of mechanisms including ECM deposition and remodeling,
immunomodulation, promoting angiogenesis, and facilitating meta-
bolic reprogramming of the tumor microenvironment (10–13). CAFs
are activated in the tumor microenvironment (TME) by a variety of
stimuli including inflammatory factors (IL1, IL6, and TNF), DNA
damage (secondary to chemotherapy or radiotherapy), physiologic
stress, and growth factors [FGF, platelet-derived growth factor
(PDGF), and TGFb; ref. 13]. Importantly, a TGFb–driven CAF gene
signature has been found to play an important role in cancer pro-
gression and immunotherapy treatment resistance (14, 15). Of inter-
est, the protein leucine-rich repeat-containing 15 (LRRC15), has been
found to be highly expressed in TGFb–driven CAFs and serves as a
marker of this CAF subpopulation in the TME (16). In addition to
being expressed in CAFs, LRRC15 expression has also been found in
the cells of multiple tumor types (17), Thus, LRRC15 has become a
potential target for novel therapies directed at CAFs and the TME.

A variety of exciting anti-CAF therapies are under development
with targets such as FGFR, Hedgehog signaling, and TGFb (13).
However, anti-CAF therapies have not come without their difficulties
for anti–TGFb therapies, which often had poor outcomes in cancer
clinical trials, while a study by €Ozdemir and colleagues found that
depletion ofa-smoothmuscle actin-positive (aSMAþ)myofibroblasts
resulted in multiple adverse outcomes leading to poor survival in a
pancreatic ductal adenocarcinoma (PDAC) mouse model (18, 19).
Taken together, this suggests that there is a need to develop therapies
that target specific CAF subtypes such as the LRRC15-positive
(LRRC15þ) CAF subtype. Excitingly, LRRC15-targeting antibody–
drug conjugate therapies such as ABBV-085 may offer more selective
targeting of tumor-promoting CAFs in addition to targeting LRRC15-
expressing cancer cells, thus leading to improved outcomes. ABBV-
085 has been shown to be effective in preclinical models of several
cancer types and prevented metastatic spread in an ovarian cancer
xenograft model (17, 20–22). Recent results from a first-in-human
phase I study showed that ABBV-085 appeared safe and tolerable at a
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dose of 3.6 mg/kg every 14 days, with preliminary antitumor activity
noted in patients with osteosarcoma and undifferentiated pleomorphic
sarcoma (UPS; NCT02565758; ref. 23).

Leucine-Rich Repeat Proteins:
Integrators of Molecular Signaling

Leucine-rich repeats (LRR) are short (19–29 residue) sequence
motifs present in a large number of proteins of different structure,
function, and localization in bacteria, fungi, plants, and animals (24).
The structural arrangement of the LRRmotifs in repetitive stretches of
varied length creates an adaptable framework for several protein–
protein interactions (25). LRR domains generally organize themselves
in a horseshoe structure, with the concave face comprising of parallel
b-strands and the convex face with a variable region of secondary
structures like helices. Additionally, the N-terminal part consists of a
conserved 11-residue sequence rich in leucine (25). Proteins with the
LRRs are found to be involved in versatile functions including adhe-
sion, receptor-ligand binding, and target recognition (25–26). In
addition, most of the studied proteins with LRR motifs have well
recognized functions in the innate immune pathway (27), and in the
nervous system development (28). Among the seven classes of LRR
proteins, four types are well characterized within mammals (intracel-
lular and extracellular; ref. 29). Reports suggested that the shortest
known LRRs contain entirely of the 20-residue repeat motif without
any other domains. Most of these LRR proteins are of gram-negative
bacterial origin essential for virulence and playing a significant role in
the initial stages of an infection (29). Two of the most well-defined
classes include the Toll-like receptors (TLR) and NOD-like receptors
(NLR) in mammals that senses the molecular determinants from
varied group of viral, bacterial, fungal, and parasite-derived compo-
nents through their LRR domain (30–31). To date, polymorphisms, or
mutations in more than 30 LRR proteins have been shown to be
involved in a wide variety of human diseases including multiple
sclerosis and rheumatoid arthritis (MHC2TA; ref. 32), Legionnaires’
disease (TLR5; ref. 33) and Crohn’s disease (NOD2; ref. 34). In
addition, the LRR proteins are also important for human nervous

system development (35) and mutations in genes encoding LRR
proteins leads to several neurological disorders including epilepsy
(LGI1; ref. 36), night blindness (NYX; ref. 37), congenital insensitivity
to pain (TRKA/NGF; ref. 38), and Tourette’s syndrome (SLITRK1;
ref. 39). In addition to the typically recognized TLRs andNLRs,most of
the 375 human LRRproteins still remain uncharacterized functionally.
Therefore, several current studies focus to identify different human
LRRproteins using the various computational and functional analyses.

Type-I LRRC15: Role in Health and
Cancer

LRRC15 is a transmembrane protein (Fig. 2A) located on chro-
mosome 3 at 3q29 that belongs to the LRR superfamily, which is
involved in cell–cell and cell–ECM interactions (40, 41).

Role in health
Early studies on LRRC15 revealed that it is induced by b-amyloid

and that LRRC15 lacks obvious intracellular domains (17, 40). North-
ern blot analysis first demonstrated high expression of LRRC15 in the
placenta while RNA in situ hybridization experiments conducted by
Reynolds and colleagues showed that LRRC15 expression is restricted
to the leading edge of migrating cytotrophoblast cells of the placen-
ta (40, 42). Subsequent IHC analysis by Purcell and colleagues
demonstrates that LRRC15 is not normally expressed in most tissues
except for localized areas within hair follicles, tonsil, stomach (cardia
and pylorus regions only), spleen (peritrabecular region), osteoblasts,
and sites of wound healing (17). In addition, recent analysis of single-
cell RNA sequencing (RNA-seq) data performed by Song and collea-
gues demonstrated LRRC15 expression in a subset of fibroblasts and
lymphatic endothelial cells within the lung (43).

LRRC15 expression has been shown to be upregulated in C6
astrocytoma cells in response to proinflammatory cytokines (TNFa,
IL1b, and IFNg) and upregulated in fibroblasts in response to
TGFb (16, 17, 40). Interestingly, the expression of LRRC15 at sites
of wound healing is in line with the important role that TGFb–
activated fibroblasts play in the wound healing process; however,

Figure 1.

Current development in targeting the
tumor-stromal interaction by ADCs is
being pursued preclinically and in
early clinical trials to discover novel
therapeutic interventions. PDGFR,
platelet-derived growth factor recep-
tor; FRa, folate receptora; CEACAM5/
6, carcinoembryonic antigen-related
cell adhesion molecules; Trop-2,
trophoblast cell surface antigen 2;
CTLA4, cytotoxic T-lymphocyte asso-
ciated protein 4; TIGIT, T-cell immuno-
receptor with immunoglobulin and
ITIM domains; LAG3, lymphocyte acti-
vation gene-3; CD, cluster of differen-
tiation; CCR-2/5, C-C chemokine
receptor; SIRPa, signal regulatory pro-
tein a; VISTA, V-domain Ig suppressor
of T-cell activation; FAP, fibroblast
activation protein; MFAP5, microfibril
associated protein 5.
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whether LRRC15 plays any role in this process has yet to be deter-
mined (44). In line with other LRR proteins and given that normal
tissue expression of LRRC15 is localized to areas that make up innate
immune barriers such as the placenta, skin, activated fibroblasts in
wounds, and lymphoid tissues such as the spleen; it appears that
LRRC15 may play some role in innate immunity. This role in innate
immunity is further suggested by data showing that LRRC15 impedes
adenovirus infection and recent data showing that LRRC15 impedes
SARS-CoV-2 viral entry by binding to the spike protein on the viral
envelope (41, 43). It has also been suggested that LRRC15 may play a
role in mineralized tissue biology and disease as LRRC15 has been
found to be highly expressed in carious diseased pulpal tissue and
Wang and colleagues has further demonstrated a role for LRRC15 in
regulating the osteogenic differentiation of mesenchymal stems
cells (45, 46).

Role in cancer
LRRC15 was reported to be highly expressed in CAFs within the

stroma of numerous solid tumors and directly expressed in mesen-
chymal tumors such as glioblastoma, sarcomas, and melanoma (17).
Based on our reports LRRC15 expression analysis by IHC of the
ovarian tumors on the tissue microarray from chemo-na€�ve patients,
showed both stromal and cellular staining (22). Besides published
reports in other indications (e.g., sarcoma) where expression of
LRRC15 on cancer and/or stromal fibroblasts was observed on treat-
ment in na€�ve patient tumor samples by IHC (23). In addition, it was
also reported that LRRC15 is regulated by TGFb (17), all of which
refers to the intrinsic nature of LRRC15 expression. In addition,
LRRC15 expression has been shown in prostate cancer, cervical cancer,
and soft-tissue sarcomas (STS; 21, 47, 48). LRRC15 has also been
identified to have a role in a rare desmoplastic small round cell tumor
originating fromperitoneum in pediatric patients and in paratesticular
desmoplastic small cell tumors (42, 49). These tumors are character-
ized by a chimeric protein EWS-WT1 (þKTS) that functions as an
oncogenic transcription factor enhancing the expression of LRRC15.
Importantly, LRRC15 exhibits high expression levels in solid tumors
compared with normal tissues and has been shown to adhere to
components of the ECM such as fibronectin (50) and collagen. The
Cancer Genome Atlas (TCGA) analysis of LRRC15 expression across
most cancer types showed genetic alteration commonly associated

with amplification of the gene in the patient cohorts. RNA-seq expres-
sion analysis from TCGA (https://cancergenome.nih.gov/) breast can-
cer cohorts showed low baseline LRRC15 expression in normal tissue
versus high differential LRRC15 expression among cancer and its
adjacent normal tissues and thus suggests it may play a role in breast
cancer progression (51, 52). In support of the role of LRRC15 in cancer
progressionmultiple studies in different cancer types have demonstrat-
ed elevated LRRC15 expression inmetastatic tumors (48, 52–56). Using
microarray-based gene expression analysis, Klein and colleagues
showed LRRC15 as one of many significantly upregulated genes in
tumors metastasizing to the bone in patients with breast cancer (53).
This is in line with previous work by Schuetz and colleagues demon-
strating elevated expression of LRRC15 in invasive ductal carcinoma
tumors compared to their matched-pair ductal carcinoma in situ
counterparts (52). In a genome–wide gene expression profiling con-
ducted by Bignotti and colleagues, LRRC15 was identified as one of
120 genes that were upregulated (≥2 fold) in omental metastases in
comparison to unmatched ovarian serous carcinoma (54). In a recent
study by Cui and colleagues, high LRRC15 expression correlated
with metastasis, poor chemotherapeutic response, and shorter overall
survival in patients with osteosarcoma (55).

In our study to identify genes that promote metastasis to bowel in
high-grade serous ovarian cancer, we executed RNA-seq of ovarian
cancer primary tumors (PT) and their corresponding bowelmetastases
from 21 patients with high-grade serous ovarian, fallopian tube, and
primary peritoneal cancer (56). LRRC15 expression was found to be
significantly increased in bowel metastases compared with their
matched PTs, indicating that LRRC15 could be a marker of high-
grade serous ovarian cancer progression (56). In our attempt to
understand the function of LRRC15 in ovarian cancer metastasis we
found that knockdown of LRRC15 reduces the metastatic dissemina-
tion of ovarian cancer cells in an in vivo xenograft model (56). We
further demonstrate that LRRC15 expression leads to anoikis resis-
tance and promotes adhesion and invasion through ECM that mimics
omentumusing various complementarymodels of ovarian cancer (22).
Mechanistically, it was found that LRRC15 promotes metastasis upon
interaction with fibronectin and b1 integrin, leading to activation of
focal adhesion kinase signaling (Fig. 2B) and suggests that it can be
implicated as a potential antitumor target, a concept further supported
by the development of ABBV-085, an LRRC15–antibody targeted drug

Figure 2.

A and B, Diagrammatical illustration of
the structure of LRRC15 (A) and its
role in promoting cancer metastasis
through activation of focal adhesion
kinase signaling (B). p-FAK, phosphor-
ylated focal adhesion kinase; Src, ste-
roid receptor coactivator; Pax, Paxillin.
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conjugate (17, 21). In addition to its potential role in integrin signaling,
LRRC15 has recently been shown to promote TNBC tumor migration
and invasion by regulating theWnt/b-catenin signaling pathway (57).
In a study by Yang and colleagues, high LRRC15 expression in CAFs
of TNBC cell lines was associated with increased cytoplasmic and
nuclear b-catenin, which drove cancer cell migration and inva-
sion (57). Mechanistically, LRRC15 expression was demonstrated to
decrease the expression of Axin1, a protein member of the destruc-
tion complex that promotes the degradation of b-catenin, leading to
increased b-catenin levels (57). However, the precise mechanism by
which LRRC15 downregulates Axin1 has yet to be elucidated. In
addition, the authors elucidated a second mechanism for how
LRRC15-expressing CAFs promote TNBC cancer cell migration.
In their study, they found that LRRC15 expressing CAFs promoted
matrix metalloproteinase (MMP) expression in TNBC cell lines,
which further mediated migration and invasion (57). However, the
impact of LRRC15 on MMP expression may be context dependent
as LRRC15 expression in astrocytes was not associated with MMP
overexpression (50).

Additional research on LRRC15-expressing fibroblasts in the lung
suggests that LRRC15 may also play a bimodal role in fibroblast
collagen deposition (58). Work by Loo and colleagues demonstrates
that low LRRC15 expression in fibroblasts was associated with
increased collagen production whereas high LRRC15 expression was
not (58). However, the potential implications of these results on the
role of LRRC15-expressing CAFs in tumor progression warrants
further study. Furthermore, a recent investigation using a lentiviral-
based DNA barcoded and clonally tracked human carcinoma
OVCAR5 orthotopic xenotransplant model further established the
role of LRRC15 in promoting diverse clonal growth and dissemination
dynamics of tumor initiating cells from intraovarian and intraovi-
ductal injection sites (59). This innovative in vivo barcoded clonal
competition assay demonstrated that rapid promotion of lethal system
wideOVCAR5 clones through variousmetastatic routes (peritoneal vs.
blood) was linked to their LRRC15 expression levels (59). As previ-
ously mentioned, a study using a murine PDAC progression model,
found a population of TGFb programmed LRRC15þ CAFs that
surround tumor islets and are absent in normal pancreatic tissues (16).
Importantly, an analogous population of LRRC15þ CAFs were also
reported in human pancreatic tumors and this LRRC15þ CAF sig-
nature was correlated with poor response to anti–programmed cell
death 1-ligand 1 (PD-L1) therapy in multiple solid tumor types (16).
These results suggest that combining therapies that target LRRC15-
expressing CAFs with immunotherapy could lead to improved patient
outcomes. Excitingly, the combination of the LRRC15-targeting anti-
body–drug conjugate (ADC) ABBV-085 with immunotherapy (anti–
PD-1) was shown to enhance antitumor activity in preclinical cancer
models (17). Thus, LRRC15-targeting therapies such as ABBV-085
could have exciting therapeutic potential in patients who are resistant
to immunotherapy.

Clinical Translation: Targeted Therapy
of LRRC15
ADCs

Targeted therapy using ADCs is currently being developed based on
the principle to increase tumor drug delivery simultaneously reducing
off-target toxicities. ADCs are generally comprised of a cancer-
targeting mAb linked to a cytotoxic payload to elicit an antitumor
effect (60–61). In the context of stromal targeting ADCs, the antibody
must be specific for the target cell surface antigen that is selectively

expressed in theTME. The linkers are designed to be either cleavable or
noncleavable depending on the chemical design. Following antigen
binding and internalization noncleavable linkers require lysosomal
trafficking and subsequent degradation for the payload to be released
and permeate into the cell where it can then perform its cytotoxic
function (62). The drug-antibody ratio (DAR) needs cautious con-
sideration during the development of ADCs, as a higher cytotoxic
payload per unit of the antibodymay lead to greater antitumor efficacy
but may also increase adverse toxicity. Attaching large linker-drugs
can make the ADC unstable with different pharmacokinetic proper-
ties, attenuated half-life, increased plasma clearance and systemic
toxicity. The rapid clearance of high DAR species will also result in
fewer ADC molecules reaching the target of interest and reduce the
efficacy. The payload should be highly cytotoxic to be able to kill
tumor cells at the intracellular concentrations attainable following
tissue distribution. Usually an average of 3 to 4 payloads per
antibody molecule is achievable without compromising the bio-
physical and pharmacokinetic properties (60). mAbs have proven
activity in cancer treatment, with recently approved drugs like
trastuzumab deruxtecan, sacituzumab govitecan, and enfortumab
vedotin targeting HER2, Trop2, and Nectin4 respectively, providing
meaningful clinical benefit in different cancer indications. Current
advancements implement numerous ADCs into preclinical and
clinical studies in both solid tumor and in hematologic can-
cers (63, 64). Besides, combination therapies are also explored in
several clinical trials nowadays, like combining with the standard-
of-care therapies (NCT03187210/NCT01476410/NCT01771107/
NCT03959085) and with checkpoint inhibitors (NCT01896999/
NCT02684292/NCT02605915/NCT02572167/NCT02581631). None-
theless the development of ADCs still faces challenges, including
selection of patients’ and/or biomarker assessment to exploit ADCs as
its best.

ABBV-085, a humanized anti-LRRC15 ADC
ABBV-085 is an anti-LRRC15 humanized IgG1 antibody (Ab1),

consisting of hydrophobic interaction chromatography (HIC)–
enriched E2 wherein approximately two antimitotic monomethyl
auristatin E (MMAE) payloads are conjugated per antibody through
a protease cleavable valine–citrulline (vc) linker (17). The LRRC15-
specific mAb in ABBV-085 is used to deliver the MMAE drug payload
at high levels in the TME. Once delivered to the LRRC15þ stroma, the
cell-permeable MMAE drug diffuses into the adjacent tumor cells
where it can cause a targeted-bystander response to kill the prolifer-
ating cancer cells and eventually lead to tumor reduction. Purcell and
colleagues showed an increased growth inhibitory response by ABBV-
085 specifically on highly proliferative cells within a tumor stroma
compared with normal LRRC15þ mesenchymal stem cells or stromal
fibroblasts, which have reduced proliferative rate, thus alleviating the
associated toxicity within areas of the normal tissue having LRRC15
expression. More importantly, efficacy of ABBV-085 monotherapy
was observed in both the LRRC15 cancer-positive/stromal-positive
and LRRC15 cancer-negative/stromal-positive cancer models. In vivo
xenograftmodels ofmany solid tumor types including sarcoma, breast,
head and neck, lung, pancreatic, and glioblastoma (with ≥2þ LRRC15
positivity) showed response to ABBV-085 treatment demonstrating
ABBV-0850s broad preclinical activity in multiple solid tumor indica-
tions (17). Promising antitumor efficacy was achieved when ABBV-
085 was used in combination therapy with other standard-of-care
cancer therapeutics. The major observations raise the question to
clinically identify whether LRRC15 cancer-negative/stromal-positive
tumors (like head and neck, breast) or LRRC15 cancer-positive/
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stromal-positive tumors (like sarcoma) demonstrate preferential sen-
sitivity to ABBV-085 treatment and whether the appropriate clinical
application of ABBV-085 as a monotherapy or in the combination
setting will benefit the patients. A follow-up study was executed using
the ABBV-085 monotherapy in LRRC15þ patient-derived xenograft
(PDX) models of STS (21), including the highly chemo-refractive UPS
PDX with poor survival rate and treatment options (65). Adminis-
tration of ABBV-085 monotherapy attenuated tumor growth in the
STS PDX models with positive LRRC15 expression. Having known
that tumor-associated macrophages (TAM) are associated with the
antitumor efficacy of ADCs (66), IHC analysis showed strong infil-
tration of TAM in the TME of the UPS PDXmodel in the ABBV-085–
treated cohort (21). Since the importance of TAM infiltration in STS
towards the prognostic impact and in resistance to PD-1 inhibition is
well established (67–68), assessing the therapeutic efficacy of combi-
natorial drug therapy of ABBV-085 with the programmed cell death
protein 1 (PD-1) or PD-L1 immune checkpoint inhibitors (currently
in phase II clinical trial), specifically in the STS subtypes is of interest.
Our studies have assessed the efficacy of ABBV-085 in the high-grade
ovarian serous cancer using both the prevention and intervention
models of ovarian cancer xenograft. ABBV-085 treated cohort showed
a significant regression of the metastatic spread and tumor growth.
These studies led to the testing of ABBV-085 efficacy in two preclinical
PDX models of ovarian cancer with high LRRC15 expression, which
shows regression of tumor in the prevention models (22).

ABBV-085 has completed a phase I first-in-human safety study in
sarcomas and other advanced solid tumors (NCT02565758; ref. 23). A
nonrandomized, multicenter, phase I, open-label, dose-escalation
study was performed to determine the pharmacokinetics and safety
of ABBV-085 and evaluate the suggested phase II dose, either as a
monotherapy or in combination with standard care of therapies in
patients with advanced solid tumors including sarcomas, squamous
cell carcinoma of the head and neck, and breast carcinoma
(NCT02565758). As reported by Demetri and colleagues at American
Society of Clinical Oncology (ASCO) 2019, the study at that point, had
enrolled a total of 78 patients, which included 27 patients with
advanced sarcomas (UPS; n ¼ 10), osteosarcoma (n ¼ 10), and other
sarcomas (n ¼ 7). Patients were treated in the monotherapy dose-
escalation (from 0.3 to 4.8 mg/kg dosed every 2 weeks) and then dose-
expansion was performed at 3.6 mg/kg (23). ABBV-085 was stated to
be well tolerated with a favorable safety profile relative to otherMMAE
ADCs. Grade ≥3 treatment-emergent adverse events reported in 56
(72%) patients with the most common being anemia (14%, n ¼ 11).
Neuropathy and blurred vision were noted and were reported to be
manageable by reducing dose-intensity. Among the 27 patients with
sarcoma treated at the RP1bD, 4 had confirmed partial responses
(15%), 8 confirmed stable diseases (30%), 11 had progressive disease
(41%), and 2 were not evaluable (7%); with the median response
duration of 7.6 months [95% confidence interval (CI): 5.6–9.2, con-
firmed responders]. In UPS 4 of 10 patients hadmore than 30% tumor
shrinkage with two confirmed responses that were durable (280 days
and 392 days at data cut-off). In osteosarcoma 2 of 10 patients had
confirmed responses. While no response greater than stable disease
was reported in LRRC15 stromal-positive/cancer-negative indications.
ABBV-085 therapy was therefore reported to be generally well toler-
ated with a manageable safety profile and encouraging signs of
antitumor activity in hard-to-treat sarcoma indications. These pre-
liminary clinical findings suggest that LRRC15 may be a promising
new therapeutic target in select solid cancer indications. In addition,
other LRRC15-targeting ADCs have been assessed preclinically. The
ADC LRRC15-PNU consists of an LRRC15 ADC conjugated to the

anthracycline derivative PNU-159682 was assessed in osteosarcoma
preclinical models as anthracyclines are the standard of care in
osteosarcoma (69). LRRC15-PNU demonstrated promising results in
osteosarcoma with cure rates between 40% and 100% in osteosarcoma
xenograft models (69). These results suggest that LRRC15 ADCs can
be tailored to deliver different payloads to the TME to specifically
target varying cancer types.

Future Perspectives
Multidrug resistance (MDR) including both inherent and

acquired is the major reason for chemotherapy failure resulting in
metastatic dissemination and relapse. Multiple factors like inacti-
vation of drugs, accelerated drug efflux, and adaptations in the
target cells is previously considered to be the reason behind MDR in
cancer (70). However, the surge in research arrived when reports
showed that tumor-stromal interaction is mostly responsible for the
non–cell-autonomous mechanisms of resistance and targeting the
tumor stroma, in combination with conventional standard of care,
can become a promising treatment option (71). These led to the
development of antifibrotic/antistromal therapies for diagnostic
and therapeutic purposes. The future of ADCs seems promising,
as the efficacy depends on the level of target expression, which is a
key parameter in predicting the probability of patient benefit.
LRRC15 is an important and potentially exploitable target in solid
tumor therapy. The differential expression of LRRC15 within
selected tumors of mesenchymal origin as opposed to nonmalignant
cells enables target specificity and efficacy with low toxicity.
LRRC15 may be exploitable for both diagnostic and theranostic
purposes in future. Identification LRRC15-expressing tumor tissues
will help in determining whether LRRC15 can be a better predictive
marker and therapeutic target in the tumor types involved including
both the LRRC15 cancer-positive/stromal-positive and LRRC15
cancer-negative/stromal-positive cancer models. Future study of
LRRC15 as a predictive biomarker in defined tumor types can be
implied and either the radiological or real-time imaging during
surgery can open better functional analysis and clinical outcomes
respectively. The antitumor efficacy of ABBV-085 either as mono-
therapy or with the standard-of-care therapy are currently at an
interesting point in their development and have the potential to
improve efficacy in a clinically defined class of tumors with LRRC15
positivity, to achieve better outcomes. With the development of
ABBV-085 as an antistromal target, the degree of stromal/fibrotic
cell death is not known and requires further investigation. More-
over, delineating the combination of ABBV-085 treatment with
immune-checkpoint inhibitors could be an effective therapy in
specific circumstances, similar to the successes as found with
combinations with conventional cytotoxic chemotherapies, thus
providing further therapeutic options for patients with LRRC15þ

cancers. TAM infiltration in TME leading to PD-1 inhibition opens
the future window to assess whether the therapeutic efficacy of
ABBV-085 is increased in combination with the PD-1/PD-L1
immune-checkpoint inhibitors (phase II CT) in a defined set of
solid tumors. There is clearly much yet to study about the optimal
application of ADCs in the treatment of mesenchymal cancers,
specifically in establishing the best combination modalities for
treating LRRC15-expressing cancers in the future.

To move forward, analysis on the expression of LRRC15 in
relation to recurrent and minimal residual disease (MRD) to date
is missing. It is widely believed that the MRD are cells that escape
resection during surgery survive in patients associated with poor
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survival. Therefore, identification of biomarkers of MRD is very
critical specifically if they are therapeutic targets such as LRRC15
and may lead to effective treatment. Despite the extensive breadth of
current knowledge, concerning the optimal sequence and practice
of treatment combinations including both the stromal-targeting
agents and the cancer-targeting agents’ prevalence of analytical gaps
still prevents such schemes from being accessible to patients. As we
continue to develop an improved understanding of the multifaceted
complex interactions between a heterogeneous milieu of cellular
components in the microenvironment, we will be able to advance
stroma-targeting strategies for more effective anticancer treatments.
Improved tailoring of treatments to specific patient subgroups and
development of novel therapeutic combinations may drive success-
ful clinical outcomes in the future.

Authors’ Disclosures
J.W. Purcell reports other support from AbbVie during the conduct of the study

and other support from AbbVie outside the submitted work; in addition, J.W. Purcell
has a patent for ANTI-huLRRC15 ANTIBODY DRUG CONJUGATES AND
METHODS FOR THEIR USE issued to AbbVie. No disclosures were reported by
the other authors.

Acknowledgments
This work was supported in part by grants from the Minnesota Ovarian Cancer

Alliance (MOCA), NIH P50CA136393, and Department of Experimental Pathology
and LaboratoryMedicine Discretionary Funds, and theMayo Clinic (Rochester, MN;
to V. Shridhar). The figures were created with BioRender.com.

Received November 2, 2021; revised February 3, 2022; accepted March 4, 2022;
published first March 8, 2022.

References
1. Suresh S. Biomechanics and biophysics of cancer cells. Acta Biomater 2007;3:

413–38.
2. Lu P, Weaver VM, Werb Z. The extracellular matrix: a dynamic niche in cancer

progression. J Cell Biol 2012;196:395–406.
3. Erkan M, Hausmann S, Michalski CW, Fingerle AA, Dobritz M, Kleeff J, et al.

The role of stroma in pancreatic cancer: diagnostic and therapeutic implications.
Nat Rev Gastroenterol Hepatol 2012;9:454–67.

4. Giacchetti S, Porcher R, Lehmann-Che J,HamyAS, de Roquancourt A, Cuvier C,
et al. Long-term survival of advanced triple-negative breast cancers with a dose-
intense cyclophosphamide/anthracycline neoadjuvant regimen. Br J Cancer
2014;110:1413–9.

5. Gajra A, Jatoi A. Non–small-cell lung cancer in elderly patients: a discussion of
treatment options. J Clin Oncol 2014;32:2562–9.

6. Turley SJ, Cremasco V, Astarita JL. Immunological hallmarks of stromal cells in
the tumour microenvironment. Nat Rev Immunol 2015;15:669–82.

7. Feig C, Gopinathan A, Neesse A, Chan DS, Cook N, Tuveson DA. The pancreas
cancer microenvironment. Clin Cancer Res 2012;18:4266–76.

8. Olive KP, Jacobetz MA, Davidson CJ, Gopinathan A, McIntyre D,
Honess D, et al. Inhibition of Hedgehog signaling enhances delivery
of chemotherapy in a mouse model of pancreatic cancer. Science
2009;324:1457–61.

9. Berchtold S, Gr€unwald B, Kr€uger A, Reithmeier A, H€ahl T, Cheng T, et al.
Collagen type V promotes the malignant phenotype of pancreatic ductal
adenocarcinoma. Cancer Lett 2015;356:721–32.

10. Madar S, Goldstein I, Rotter V. ’Cancer associated fibroblasts’–more than meets
the eye. Trends Mol Med 2013;19:447–53.

11. Kalluri R. The biology and function of fibroblasts in cancer. Nat RevCancer 2016;
16:582–98.

12. Buchsbaum RJ, Oh SY. Breast cancer-associated fibroblasts: Where we are and
where we need to go. Cancers 2016;8:19.

13. Sahai E, Astsaturov I, Cukierman E, DeNardo DG, EgebladM, Evans RM et al. A
framework for advancing our understanding of cancer-associated fibroblasts.
Nat Rev Cancer 2020;20:174–86.

14. Calon A, Espinet E, Palomo-Ponce S, Tauriello DV, Iglesias M, C�espedes MV
et al. Dependency of colorectal cancer on a TGF-b-driven program in stromal
cells for metastasis initiation. Cancer Cell 2012;22:571–84.

15. Yoon H, Tang CM, Banerjee S, Delgado AL, Yebra M, Davis J et al. TGF-b1-
mediated transition of resident fibroblasts to cancer-associated fibroblasts
promotes cancer metastasis in gastrointestinal stromal tumor. Oncogenesis
2021;10:13.

16. Dominguez CX, M€uller S, Keerthivasan S, Koeppen H, Hung J, Gierke S, et al.
Single-cell RNA sequencing reveals stromal evolution into LRRC15(þ) myofi-
broblasts as a determinant of patient response to cancer immunotherapy.
Cancer Discov 2020;10:232–53.

17. Purcell JW, Tanlimco SG, Hickson J, Fox M, ShoM, Durkin L, et al. LRRC15 is a
novel mesenchymal protein and stromal target for antibody-drug conjugates.
Cancer Res 2018;78:4059–72.

18. €Ozdemir BC, Pentcheva-Hoang T, Carstens JL, Zheng X, Wu CC, Simpson TR
et al. Depletion of carcinoma-associated fibroblasts and fibrosis induces immu-
nosuppression and accelerates pancreas cancer with reduced survival.
Cancer Cell 2014;25:719–34.

19. Teixeira AF, Ten Dijke P, Zhu HJ. On-target anti-TGF-b therapies are not
succeeding in clinical cancer treatments: What are remaining challenges?
Front Cell Dev Biol 2020;8:605.

20. Hingorani P, RothME,Wang Y, ZhangW, Gill JB, Harrison DJ et al. ABBV-085,
antibody-drug conjugate targeting LRRC15, is effective in osteosarcoma: a report
by the pediatric preclinical testing consortium. Mol Cancer Ther 2021;20:
535–40.

21. Ben-Ami E, Perret R, Huang Y, Courgeon F, Gokhale PC, Laroche-Clary A et al.
LRRC15 targeting in soft-tissue sarcomas: biological and clinical implications.
Cancers 2020;12:757.

22. Ray U, Jung DB, Jin L, Xiao Y, Dasari S, Sarkar Bhattacharya S, et al. Targeting
LRRC15 inhibits metastatic dissemination of ovarian cancer. Cancer Res 2021
Oct 15 [Epub ahead of print].

23. Demetri GD, Luke JJ, Hollebecque A, Powderly JD, 2nd, Spira AI, Subbiah V,
et al. First-in-human phase I study of ABBV-085, an antibody-drug conjugate
targeting LRRC15, in sarcomas and other advanced solid tumors. Clin Cancer
Res 2021;27:3556–66.

24. Kobe B, Kajava AV. The leucine-rich repeat as a protein recognition motif.
Curr Opin Struct Biol 2001;11:725–32.

25. Kobe B, Deisenhofer J. The leucine-rich repeat: a versatile binding motif.
Trends Biochem Sci 1994;19:415–21.

26. Buchanan SG, Gay NJ. Structural and functional diversity in the leucine-rich
repeat family of proteins. Prog Biophys Mol Biol 1996;65:1–44.

27. N€urnberger T, Brunner F, Kemmerling B, Piater L. Innate immunity in plants
and animals: striking similarities and obvious differences. Immunol Rev 2004;
198:249–66.

28. ChenY, Aulia S, Li L, Tang BL. AMIGO and friends: an emerging family of brain-
enriched, neuronal growth modulating, type I transmembrane proteins with
leucine-rich repeats (LRR) and cell adhesion molecule motifs. Brain Res Rev
2006;51:265–74.

29. Kajava AV. Structural diversity of leucine-rich repeat proteins. J Mol Biol 1998;
277:519–27.

30. Akira S, Uematsu S, Takeuchi O. Pathogen recognition and innate immunity.
Cell 2006;124:783–801.

31. Peter ME, Kubarenko AV, Weber AN, Dalpke AH. Identification of an N-
terminal recognition site in TLR9 that contributes to CpG-DNA-mediated
receptor activation. J Immunol 2009;182:7690–7.

32. Swanberg M, Lidman O, Padyukov L, Eriksson P, Akesson E, Jagodic M, et al.
MHC2TA is associated with differential MHC molecule expression and sus-
ceptibility to rheumatoid arthritis, multiple sclerosis and myocardial infarction.
Nat Genet 2005;37:486–94.

33. Hawn TR, Verbon A, Lettinga KD, Zhao LP, Li SS, Laws RJ, et al. A common
dominant TLR5 stop codon polymorphism abolishes flagellin signaling and
is associated with susceptibility to legionnaires’ disease. J Exp Med 2003;198:
1563–72.

34. Ogura Y, Bonen DK, Inohara N, Nicolae DL, Chen FF, Ramos R, et al. A
frameshift mutation in NOD2 associated with susceptibility to Crohn’s disease.
Nature 2001;411:603–6.

35. Matsushima N, Tachi N, Kuroki Y, Enkhbayar P, Osaki M, Kamiya M, et al.
Structural analysis of leucine-rich-repeat variants in proteins associated with
human diseases. Cell Mol Life Sci 2005;62:2771–91.

Ray et al.

Cancer Res; 82(9) May 1, 2022 CANCER RESEARCH1680

https://doi.org/10.13039/100000871


36. Kalachikov S, Evgrafov O, Ross B, Winawer M, Barker-Cummings C, Martinelli
Boneschi F, et al. Mutations in LGI1 cause autosomal-dominant partial epilepsy
with auditory features. Nat Genet 2002;30:335–41.

37. Bech-Hansen NT, Naylor MJ, Maybaum TA, Sparkes RL, Koop B, Birch DG,
et al. Mutations in NYX, encoding the leucine-rich proteoglycan nyctalopin,
cause X-linked complete congenital stationary night blindness. Nat Genet 2000;
26:319–23.

38. Indo Y, TsurutaM,Hayashida Y, KarimMA,Ohta K, Kawano T, et al.Mutations
in the TRKA/NGF receptor gene in patients with congenital insensitivity to pain
with anhidrosis. Nat Genet 1996;13:485–8.

39. Abelson JF, Kwan KY, O’Roak BJ, Baek DY, Stillman AA, Morgan TM, et al.
Sequence variants in SLITRK1 are associated with Tourette’s syndrome. Science
2005;310:317–20.

40. Satoh K, Hata M, Yokota H. A novel member of the leucine-rich repeat
superfamily induced in rat astrocytes by beta-amyloid. Biochem Biophys Res
Commun 2002;290:756–62.

41. O’Prey J, Wilkinson S, Ryan KM. Tumor antigen LRRC15 impedes adeno-
viral infection: implications for virus-based cancer therapy. J Virol 2008;82:
5933–9.

42. Reynolds PA, Smolen GA, Palmer RE, Sgroi D, Yajnik V, Gerald WL, et al.
Identification of a DNA-binding site and transcriptional target for the EWS-
WT1(þKTS) oncoprotein. Genes Dev 2003;17:2094–107.

43. Song J, Chow RD, Pena-HernandezM, Zhang L, Loeb SA, So EY et al. LRRC15 is
an inhibitory receptor blocking SARS-CoV-2 spike-mediated entry in trans.
bioRxiv 2021 Nov 24 [Epub ahead of print].

44. PakyariM, Farrokhi A,MaharlooeiMK,GhaharyA. Critical role of transforming
growth factor beta in different phases of wound healing. AdvWound Care 2013;
2:215–24.

45. Cooper PR, McLachlan JL, Simon S, Graham LW, Smith AJ. Mediators of
inflammation and regeneration. Adv Dent Res 2011;23:290–5.

46. Wang Y, Liu Y, Zhang M, Lv L, Zhang X, Zhang P, et al. LRRC15 promotes
osteogenic differentiation of mesenchymal stem cells by modulating p65 cyto-
plasmic/nuclear translocation. Stem Cell Res Ther 2018;9:65.

47. BierkensM, KrijgsmanO,Wilting SM, Bosch L, Jaspers A,Meijer GA, et al. Focal
aberrations indicate EYA2 and hsa-miR-375 as oncogene and tumor suppressor
in cervical carcinogenesis. Genes Chromosomes Cancer 2013;52:56–68.

48. Stanbrough M, Bubley GJ, Ross K, Golub TR, Rubin MA, Penning TM, et al.
Increased expression of genes converting adrenal androgens to testosterone in
androgen-independent prostate cancer. Cancer Res 2006;66:2815–25.

49. Cliteur VP, Szuhai K, Baelde HJ, van Dam J, Gelderblom H, Hogendoorn PC.
Paratesticular desmoplastic small round cell tumour: an unusual tumour with an
unusual fusion; cytogenetic and molecular genetic analysis combining RT-PCR
and COBRA-FISH. Clin Sarcoma Res 2012;2:3.

50. Satoh K, Hata M, Shimizu T, Yokota H, Akatsu H, Yamamoto T, et al. Lib,
transcriptionally induced in senile plaque-associated astrocytes, promotes glial
migration through extracellular matrix. Biochem Biophys Res Commun 2005;
335:631–6.

51. Satoh K, Hata M, Yokota H. High lib mRNA expression in breast carcinomas.
DNA Res 2004;11:199–203.

52. Schuetz CS, BoninM, Clare SE, Nieselt K, Sotlar K,Walter M, et al. Progression-
specific genes identified by expression profiling of matched ductal carcinomas in
situ and invasive breast tumors, combining laser capture microdissection and
oligonucleotide microarray analysis. Cancer Res 2006;66:5278–86.

53. Klein A, Olendrowitz C, Schmutzler R, Hampl J, Schlag PM, Maass N, et al.
Identification of brain- and bone-specific breast cancer metastasis genes.
Cancer Lett 2009;276:212–20.

54. Bignotti E, Tassi RA, Calza S, Ravaggi A, Bandiera E, Rossi E, et al. Gene
expression profile of ovarian serous papillary carcinomas: identification of
metastasis-associated genes. Am J Obstet Gynecol 2007;196:245.

55. Cui J, Dean D, Wei R, Hornicek FJ, Ulmert D, Duan Z. Expression and clinical
implications of leucine-rich repeat containing 15 (LRRC15) in osteosarcoma.
J Orthop Res 2020;38:2362–72.

56. Mariani A, Wang C, Oberg AL, Riska SM, Torres M, Kumka J, et al. Genes
associated with bowel metastases in ovarian cancer. Gynecol Oncol 2019;154:
495–504.

57. Yang Y,WuH, Fan S, Bi Y,HaoM, Shang J. Cancer-associated fibroblast-derived
LRRC15 promotes the migration and invasion of triple-negative breast cancer
cells via Wnt/b-catenin signalling pathway regulation. Mol Med Rep 2022;25:2.

58. Loo L, Waller MA, Cole AJ, Stella AO, Moreno CL, Denes CE et al. LRRC15
suppresses SARS-CoV-2 infection and controls collagen production. bioRxiv
2021 Nov 10 [Epub ahead of print].

59. Aalam SMM, Tang X, Song J, Bakkum-Gamez J, Sherman ME, Ray U, et al.
Barcoded Competitive Clone-Initiating Cell (BC-CIC) analysis reveals differ-
ences in ovarian cancer cell genotype and niche specific clonal fitness during
growth and metastasis in vivo. bioRxiv 2021 April 11 [Epub ahead of print].

60. Lambert JM, Morris CQ. Antibody-drug conjugates (ADCs) for personalized
treatment of solid tumors: a review. Adv Ther 2017;34:1015–35.

61. Diamantis N, Banerji U. Antibody-drug conjugates–an emerging class of cancer
treatment. Br J Cancer 2016;114:362–7.

62. Bakhtiar R. Antibody drug conjugates. Biotechnol Lett 2016;38:1655–64.
63. Criscitiello C, Morganti S, Curigliano G. Antibody-drug conjugates in solid

tumors: a look into novel targets. J Hematol Oncol 2021;14:20.
64. Zhao P, Zhang Y, LiW, Jeanty C, Xiang G, Dong Y. Recent advances of antibody

drug conjugates for clinical applications. Acta Pharm Sin B 2020;10:1589–600.
65. Savina M, Le Cesne A, Blay JY, Ray-Coquard I, Mir O, Toulmonde M, et al.

Patterns of care and outcomes of patients withMETAstatic soft tissue SARComa
in a real-life setting: theMETASARC observational study. BMCMed 2017;15:78.

66. Li F, Ulrich M, Jonas M, Stone IJ, Linares G, Zhang X, et al. Tumor-associated
macrophages can contribute to antitumor activity through FcgR-mediated
processing of antibody-drug conjugates. Mol Cancer Ther 2017;16:1347–54.

67. Toulmonde M, Adam J, Bessede A, Ranch�ere-Vince D, Velasco V, Brouste V,
et al. Integrative assessment of expression and prognostic value of PDL1, IDO,
and kynurenine in 371 primary soft tissue sarcomas with genomic complexity.
J Clin Oncol 2016;34:11008-.

68. Toulmonde M, Penel N, Adam J, Chevreau C, Blay JY, Cesne L A, et al. Use of
PD-1 targeting, macrophage infiltration, and IDO pathway activation in sar-
comas: a phase 2 clinical trial. JAMA Oncol 2018;4:93–7.

69. Slemmons KK, Mukherjee S, Meltzer P, Purcell JW, Helman LJ. LRRC15
antibody-drug conjugates show promise as osteosarcoma therapeutics in pre-
clinical studies. Pediatr Blood Cancer 2021;68:e28771.

70. Marin JJ, Sanchez de Medina F, Casta~no B, Bujanda L, Romero MR, Martinez-
Augustin O, et al. Chemoprevention, chemotherapy, and chemoresistance in
colorectal cancer. Drug Metab Rev 2012;44:148–72.

71. Qu Y, Dou B, Tan H, Feng Y, Wang N, Wang D. Tumor microenvironment-
driven non-cell-autonomous resistance to antineoplastic treatment. Mol Cancer
2019;18:69.

AACRJournals.org Cancer Res; 82(9) May 1, 2022 1681

Role of LRRC15 in Cancer



<<
  /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


