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TREATING METASTATIC CANCER 
AND MODEL SYSTEMS FOR METASTATIC DISEASE 

5 PRIORITY CLAIM 

This application claims priority to United States Provisional Application No.  

62/370,108 filed August 2, 2016, the contents of which are hereby incorporated by 

reference in their entirety herein.  

10 GRANT INFORMATION 

This invention was made with government support under Grant Nos. 5 U54 

CA163167-03 awarded by the National Institutes of Health. The government has 

certain rights in the invention.  

15 1. INTRODUCTION 

The present invention relates to methods and compositions for inhibiting 

metastatic spread of cancer and/or inhibiting progression of pre-existing metastatic 

disease in a subject In particular embodiments, it provides for methods comprising 

treating the subject with an L CAM inhibitor using a regimen that targets slow

20 growing metastatic cancer stem-like cells ("MetCSCs") as exist, for example, in post

chemotherapy residual disease. It further provides for models of metastatic disease 

comprising MetCSC- expressing LICAM that may be used to study metastatic 

progression of cancer and to identify useful therapeutic agents.  

25 2. BACKGROUND OF THE INVENTION 

Despite recent advances in cancer therapeutics, metastasis remains the main 

cause of cancer death. Chemotherapy and targeted therapies for metastatic disease 

may induce tumor responses, but are nearly always followed by resistance and lethal 

relapse. The residual disease that persists after therapy and drives regrowth has been 

30 proposed to contain metastatic cancer stem-like cells (MetCSCs) that are particularly 

capable of self-renewal, and that are slow cell-cycling, tumor re-initiating and therapy 

resistant (Oskarsson et al., 2014; Hanahan et al., 2011; Malladi et al., 2016).  

Targeting MetCSCs may offer an important approach for treating metastatic cancer 

and micrometastatic residual disease in the adjuvant setting.  
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LICAM was originally identified as a neuronal adhesion molecule (Rathjen et al., 1984; 

Maness and Schachner, 2007). LICAM is a large, multidomain protein ectopically expressed at 

the invasion fronts of many solid tumors and universally associated with metastasis and poor 

prognosis (e.g., Altevogt et al., 2015). Metastatic lung and breast cancer single cells invading 

the brain use LICAM to intimately stretch along blood vessels, in a process termed vascular co

option (Valiente et al., 2014; PCT/US2014/056379). RNAi-mediated LICAM knockdown 

inhibits vascular co-option and prevents the outgrowth of brain macrometastases 

(PCT/US2014/056379).  

3. SUMMARY OF THE INVENTION 

The present invention relates to methods of preventing and treating metastatic disease, 

assay systems for identifying therapeutic agents, and compositions useful therefor.  

It is based, at least in part, on the discovery that LICAM is a marker of MetCSCs, and is 

expressed on these quiescent, very slowly dividing cells that can therefore escape standard 

chemotherapy and later re-initiate tumor growth. It is further based on the discovery that 

L I CAM-depletion inhibits the initiation of metastasis not only in the brain, but also in the lungs, 

liver and bone from breast, lung, colon and renal cancer xenografts, demonstrating the 

importance of L I CAM in the initiation of multi-organ metastasis. In particular, inducible 

LICAM knockdown in advanced macrometastatic xenografts was observed to inhibit the 

progression of metastases, highlighting the clinical relevance of LICAM inhibition in 

established metastatic disease. It is further based, in part, on the discoveiesy that L CAM 

inhibition inhibited the growth of chemoresistant lung cancer xenografts, supporting a distinct 

mechanism of action from cytotoxic agents, and that inhibition of LICAM was observed to 

render chemoresistant tumor cells sensitive to chemotherapy.  

In a first aspect, the present invention provides a method of inhibiting progression of 

established metastatic disease in a subject who has received treatment for a primary cancer, 

comprising administering to the subject a therapeutic amount of a LICAM inhibitor, wherein 

the LICAM inhibitor is administered at least one month after a course of chemotherapy, 

targeted therapy, immunotherapy, and/or radiotherapy of the primary cancer is completed, and 

wherein the primary cancer is breast cancer or lung cancer.



In a second aspect, the present invention provides use of a LCAM inhibitor in the manufacture 

of a medicament for inhibiting progression of established metastatic disease in a subject who has 

received treatment for a primary cancer, wherein the LICAM inhibitor is administered at least 

one month after a course of chemotherapy, targeted therapy, immunotherapy, and/or 

radiotherapy of the primary cancer is completed, and wherein the primary cancer is breast 

cancer or lung cancer.  

4. BRIEF DESCRIPTION OF THE FIGURES 

FIGURE 1A-D. LICAM is required for multi-organ metastasis, and knockdown of 

L I CAM expression in cancer cells inhibits (reduces) (A) breast cancer metastasis to lung; (B) 

breast cancer metastasis to bone; (C) colon cancer metastasis to liver; and (D) renal cell cancer 

metastasis to brain.
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FIGURE 2. Use of doxycycline-inducible "knockdown" of L I CAM to 

determine effect of LICAM inhibition on established metastases.  

FIGURE 3A-C. LICAM knockdown inhibits the growth of established 

metastases, including (A) metastasis of lung cancer to brain; (B) metastasis of breast 

5 cancer to bone; and (C) metastasis of breast cancer to lung.  

FIGURE 4A-B. Histologic comparison of established metastasis (A) without 

or (B) with, L CAM inhibition.  

FIGURE 5A-B. Expression of LICAM at the primary tumor invasion front.  

(A) The primary tumor invasion front is strongly LlCAM+; (B) L1CAM+ cells at the 

10 invasion front are quiescent (comparative low KI67 expression).  

FIGURE 6A-D. Comparison of expression of LICAM in (A) primary 

colorectal tumor and (B) a liver metastasis. (C) shows the percent of the total area 

that is L1CAM+. (D) shows lack of detectable LICAM expression in normal colon.  

FIGURE 7A-C. Amounts of LlCAM+ cells in (A) normal colon; (B) 

15 primary colorectal tumor and (C) liver metastasis.  

FIGURE 8A-B. LICAM expression in post-chemotherapy residual disease.  

(A) Post-chemotherapy residual disease is strongly LlCAM+; (B) L1CAM+ cells are 

quiescent (comparative low KI67 expression).  

FIGURE 9A-D. Expression of L CAM in tumor (A) pre-chemotherapy; (B) 

20 post-chemotherapy (after neo-adjuvant chemotherapy); and (C) graphical comparison 

of (A) and (B). (D) Relationship between number of organoids formed and LICAM 

expression.  

FIGURE 10. Schematic showing general organoid culture.  

FIGURE 11. Schematic showing obtention of metastatic cells from patient 

25 and selection of EpCAM+, LlCAM+ cells for organoid culture.  

FIGURE 12. FACS results sorting for EphB22med/high and LlCAM+ cells.  

FIGURE 13. Co-expression of EphB22, CD133 and CD44 markers on 

LICAM high and low-expressing cells.  

FIGURE 14. FACS analysis for LICAM, EphB22, CD133 and CD44.  

30 FIGURE 15. FACS analysis for LICAM, EphB22, CD133 and CD44.  

FIGURE 16. Relationship between LICAM expression and organoid growth.  

FIGURE 17. For particular tumor samples, relationship between LICAM 

expression and organoid formation.  

FIGURE 18. LICAM expression by LlCAMhih cells in organoid culture.  

3
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FIGURE 19. Capability of change in LCAM status during organoid culture 

in vivo.  

FIGURE 20A-B. LICAM-expression is a trait selected for during organoid 

generation (A) patient MSKCRC55; (B) patient MSKCRC51.  

5 FIGURE21. Organoid formation following L CAM deletion.  

FIGURE 22. LICAM expression as a function of organoid size.  

FIGURE23. Nascent small organoids are comprised of universally LlCAM+ 

cells, but as the organoids grow, the cells divide to generate mostly LICAM

differentiated progeny that populate the bulk of the organoid 

10 FIGURE 24. Inducible LICAM knockdown reverses chemoresistance of 

Kras-mutant lung cancer cells.  

FIGURE25A-C. (A) Tumor re-initiation by L rCAMhih versus L CAM°" 

cellsinNSGmice. (B) Histology of tumors formed. (C) Organoid formation by 

L CAMhigh versus L CAM°" tumor cells.  

15 FIGURE 26A-D. (A) Schematic of procedure to produce serial generations of 

metastatic cells. (B) Metastasis-free survival of mice inoculated with parental (light 

gray) or M1 generation (dark gray) cells. (C) Macroscopic images showing relative 

numbers of metastases resulting from Parental Cells at 7 days and 7 weeks (top 

panels) and of M1 generation cells at 7 days and 4 weeks. (D) Levels of LICAM 

20 mRNA in Parental, M1, and M2 cells.  

FIGURE 27. Relative LICAM expression in intact organoid, 24 hour

dissociated organoid, and 24 hr-suspension culture (control).  

FIGURE28A-M. (A) Percent median LCAM expression after CRISPR

Cas9 mediated LICAM knockout. (B) Number of organoids per 2000 cells after 

25 CRISPR-Cas9 mediated L I CAM knockout. (C) Relative luminescence after 

CRISPR-Cas9 mediated LICAM knockout. (D) Fluorescence microscopy showing 

organoids generated per 2000 cells from after CRISPR-Cas9 mediated LICAM 

knockout. (E) Luminescence days after doxycycline-mediated knockdown of 

L I CAM. (F) Relative luminescence with or without doxycycline-induced L CAM 

30 knockdown. (G) Fluorescence microscopy showing organoids with or without 

doxycycline-induced L ICAM knockdown (H) Luminescence, where doxycycline was 

withdrawn after 14 days. (I) Similar experiment as (H), with an independent 

LICAM-targetingshRNA. (J) Caspase activity after dissociation, with or without 

doxycycline-induced L ICAM knockdown. (K) Tumor regrowth with or without 

4
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doxycycline-induced LICAM knockdown. (L) Average radiance of tumor regrowth 

after 3 weeks, with or without doxycycline-induced L CAM knockdown. (M) 

Relative differences in levels of LICAM and YAP target genes in in intact organoids 

(left-most bar of pairs) versus dissociated cells.  

5 FIGURE 29A-F. (A) LICAM expression in human normal colon, dissociated 

crypts, and d14 organoids (top panels, left to right) and in mouse normal colon and 

d14 organoids. Bar graphs show respective fold change in expression in crypts (left

most bar of pairs) versus organoids in three distinct humans or mice. (B) LICAM 

expression (line marked with circles) over time in normal mouse colon organoids 

10 (relative to 1-Ki67 expression, line marked with squares). (C) Schematic and 

histology results showing LICAM expression in mouse colon after epithelial injury.  

(D) Larger magnification showing LICAM expression in regenerating transit

amplifying colon cells. (E) Consequence of LICAM ablation on body weight and 

survival of mice sustaining colon epithelial injury. (F) Macroscopic and microscopic 

15 hisotlogy of results of (E).  

FIGURE 30A-F. (A) Relative LICAM mRNA levels in intact organoids, 

dissociated organoid, or various cell suspensions. (B) Change in LICAM levels in 

organoid or suspension cultures, with addition of various inflammatory mediators 

(represented by bars, left to right, corresponding top to bottom to the list in the key).  

20 (C) Effect of e-cadherin knockdown on expression of LICAM, CDH1, CYR61 and 

ANKRD1. (D) Effect of REST knockdown on LICAM expression. (E) CHIP-PCR 

results for binding of REST to first intron of the LI CAM locus. (F) 

Immunohistochemistry studies using antibodies directed toward LICAM, e-cadherin 

and REST (p120-catenin) at primary CRC invasion fronts.  

25 

5. DETAILED DESCRIPTION OF THE INVENTION 

For clarity of description, and not by way of limitation, the detailed 

description of the invention is divided into the following subsections: 

30 (i) methods of treatment; 

(ii) assay systems; and 

(iii) kits.  

5
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5.1 METHODS OF TREATMENT 

In various non-limiting embodiments, the present invention provides for a 

5 method of reducing the risk, in a subject who has received or is receiving treatment 

for a primary cancer, of metastatic spread of the primary cancer, comprising 

administering to the subject a therapeutic amount of a LICAM inhibitor. Incertain 

non-limiting embodiments the LICAM inhibitor is administered after one or more 

cycle of chemotherapy, targeted therapy, and/or immunotherapy of the primary cancer 

10 has been completed. In certain non-limiting embodiments the LICAM inhibitor is 

administered after a radiotherapy regimen of the primary cancer has been completed.  

In certain non-limiting embodiments the LICAM inhibitor is administered after an 

essentially complete (no cancer in the margins) surgical excision of the primary 

cancer or a metastasis has been completed. In certain non-limiting embodiments the 

15 L I CAM inhibitor is administered in a maintenance regimen (e.g., administered at 

regular intervals (e.g., at least once a week, at least once a month, at least once every 

two months, at least once every three months, at least once every six months)) for a 

period of time after a cycle of treatment, or surgical excision, of the primary cancer.  

The period of time for maintenance therapy may be at least about three months or at 

20 least about 6 months or at least about one year or at least about 2 years. In certain 

non-limiting embodiments the LICAM inhibitor is administered after the subject has 

achieved remission of the primary cancer. In certain non-limiting embodiments the 

L I CAM inhibitor is administered in a maintenance regimen (e.g., administered at 

regular intervals (e.g., at least once a week, at least once a month, at least once every 

25 two months, at least once every three months, at least once every six months)) for a 

period of time after achieving remission of the primary cancer. The period of time for 

maintenance therapy may be at least about three months or at least about 6 months or 

at least about one year or at least about 2 years.  

In various non-limiting embodiments, the present invention provides for a 

30 method of inhibiting metastatic spread of a primary cancer in a subject who has 

received treatment for the primary cancer, comprising administering to the subject a 

therapeutic amount of a LICAM inhibitor. In certain non-limiting embodiments the 

LICAM inhibitor is administered after one or more cycle of chemotherapy, targeted 

therapy, and/or immunotherapy of the primary cancer has been completed. In certain 

6
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non-limiting embodiments the LICAM inhibitor is administered after a radiotherapy 

regimen of the primary cancer has been completed. In certain non-limiting 

embodiments the LICAM inhibitor is administered after an essentially complete (no 

cancer in the margins) surgical excision of the primary cancer or a metastasis has been 

5 completed. In certain non-limiting embodiments the LICAM inhibitor is 

administered in a maintenance regimen (e.g., administered at regular intervals (e.g., at 

least once a week, at least once a month, at least once every two months, at least once 

every three months, at least once every six months)) for a period of time after a cycle 

of treatment, or surgical excision, of the primary cancer. The period of time for 

10 maintenance therapy may be at least about three months or at least about 6 months or 

at least about one year or at least about 2 years. In certain non-limiting embodiments 

the LICAM inhibitor is administered after the subject has achieved remission of the 

primary cancer. In certain non-limiting embodiments the LICAM inhibitor is 

administered in a maintenance regimen (e.g., administered at regular intervals (e.g., at 

15 least once a week, at least once a month, at least once every two months, at least once 

every three months, at least once every six months)) for a period of time after 

achieving remission of the primary cancer. The period of time for maintenance 

therapy may be at least about three months or at least about 6 months or at least about 

one year or at least about 2 years.  

20 In various non-limiting embodiments, the present invention provides for a 

method of inhibiting progression of metastatic disease in a subject comprising 

administering to the subject a therapeutic amount of a LICAM inhibitor. Invarious 

non-limiting embodiments, the present invention provides for a method of inhibiting 

progression of metastatic disease in a subject who has received treatment for the 

25 primary cancer, comprising administering to the subject a therapeutic amount of a 

LICAM inhibitor. In certain non-limiting embodiments the LICAM inhibitor is 

administered after one or more cycle of chemotherapy, targeted therapy, and/or 

immunotherapy of the primary cancer has been completed. In certain non-limiting 

embodiments the LICAM inhibitor is administered after a radiotherapy regimen of 

30 the primary cancer has been completed. In certain non-limiting embodiments the 

LICAM inhibitor is administered after an essentially complete (no cancer in the 

margins) surgical excision of the primary cancer or a metastasis has been completed.  

In certain non-limiting embodiments the LICAM inhibitor is administered in a 

maintenance regimen (e.g., administered at regular intervals (e.g., at least once a 

7
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week, at least once a month, at least once every two months, at least once every three 

months, at least once every six months)) for a period of time after a cycle of 

treatment, or surgical excision, of the primary cancer. The period of time for 

maintenance therapy may be at least about three months or at least about 6 months or 

5 at least about one year or at least about 2 years. In certain non-limiting embodiments 

the LICAM inhibitor is administered after the subject has achieved remission of the 

primary cancer. In certain non-limiting embodiments the LICAM inhibitor is 

administered in a maintenance regimen (e.g., administered at regular intervals (e.g., at 

least once a week, at least once a month, at least once every two months, at least once 

10 every three months, at least once every six months)) for a period of time after 

achieving remission of the primary cancer. The period of time for maintenance 

therapy may be at least about three months or at least about 6 months or at least about 

one year or at least about 2 years.  

In various non-limiting embodiments, the present invention provides for a 

15 method of inhibiting progression of metastatic disease in a subject comprising 

administering to the subject a therapeutic amount of an agent that reduces L CAM 

expression in cancer cells, for example via CRISPR/Cas9 mediated gene editing.  

A metastasis is a population of cancer cells at a location that is not physically 

contiguous with the original location of the cancer.  

20 "Reducing the risk of metastatic spread" is relative to the risk of metastatic 

spread in a comparable control subject not treated with an L CAM inhibitor.  

"Inhibiting metastatic spread of a primary cancer" means one or more of: 

reducing the number, location(s), and/or size, of metastasis/es, and/or increasing the 

period of time to occurrence of metastasis/es, and/or prolonging survival, relative to a 

25 comparable control subject not treated with an L CAM inhibitor.  

"Inhibiting progression of metastatic disease" means one or more of the 

following: decreasing the size of existing metastasis/es, reducing the rate of growth of 

existing metastasis/es, reducing the incidence of newly detectable metastasis/es, 

improving quality of life, and/or increasing time to recurrence, and/or prolonging 

30 survival, relative to a comparable control subject not treated with an LICAM 

inhibitor.  

In certain non-limiting embodiments, the invention provides, in a subject 

having a primary cancer, a method of inhibiting metastatic spread of the cancer, 

comprising determining whether a cell of the cancer expresses LICAM and, if the cell 

8
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does express LICAM, administering to the subject, in addition to therapy of the 

primary cancer, a therapeutic amount of a L CAM inhibitor.  

In non-limiting embodiments, a further indicator of increased risk is 

high/medium surface expression of EphB2.  

5 In various non-limiting embodiments, the subject is a human or a non-human 

animal, for example a dog, a cat, a horse, a rodent, a mouse, a rat, a hamster, a non

human primate, a rabbit, a sheep, a cow, a cetacean, etc..  

In various non-limiting embodiments, the cancer is a breast cancer, a lung 

cancer, a renal cancer, a colorectal cancer, an ovarian cancer, a prostate cancer, a liver 

10 cancer, or a melanoma.  

The site of metastasis may be, for example but not by way of limitation, brain, 

lung, bone, or liver.  

In various non-limiting embodiments of the invention, an LICAM inhibitor 

may be administered concurrently with a chemotherapy and/or targeted therapy and/or 

15 immunotherapy and/or radiotherapy regimen. However, in alternative non-limiting 

embodiments, an LICAM inhibitor may be administered after a course of 

chemotherapy, targeted therapy, immunotherapy and/or radiotherapy is complete. In 

specific, non-limiting examples, the LICAM inhibitor may be administered at the 

conclusion of the treatment regimen, or at least one month thereafter, or at least three 

20 months thereafter, or at least six months thereafter, or at least one year thereafter. In 

related non-limiting embodiments, an LICAM inhibitor may be administered after an 

essentially complete (no cancer in the margins) surgical excision of the primary 

cancer or metastasis has been completed.  

In various non-limiting embodiments, an L I CAM inhibitor may be 

25 administered in a maintenance regimen (e.g., administered at regular intervals (e.g., at 

least once a week, at least once a month, at least once every two months, at least once 

every three months, at least once every six months) for a period of time after a course 

of chemotherapy or radiation therapy is complete or after achieving complete or 

partial remission of the primary cancer. Said maintenance regimen may be followed 

30 whether or not active disease is determined to be present.  

In various embodiments of the invention, a decision to use L CAM inhibition 

as a treatment may be supported by determining that the cancer and/or its metastasis 

to be treated expresses LICAM and optionally one or more of EphB2, CD133 and/or 

CD44. Expression of LICAM may be determined by any method known in the art, 

9
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for example as discussed in the sections below. In certain non-limiting embodiments, 

expression of L ICAM may be detected using an antibody specific for L CAM or 

amplification of LICAM-encoding mRNA using polymerase chain reaction (PCR).  

In various non-limiting embodiments, the invention provides for a method of 

5 reversing chemoresistance of a cancer cell to a chemotherapy agent, comprising 

administering, to the cancer cell, an effective amount of LICAM inhibitor. In non

limiting embodiments, the cancer cell is a metastatic cancer. In non-limiting 

embodiments, the cancer is a breast, lung, renal, or colorectal cancer. In non-limiting 

embodiments, the chemotherapeutic agent is carboplatin or methotrexate. In a 

10 specific non-limiting embodiment, the cancer is Kras-mutant lung cancer and the 

chemotherapeutic agent is carboplatin or methotrexate. "Reversing chemoresistance" 

means that administration of LICAM inhibitor increases the sensitivity of the cancer 

cell, cells or tumor to the anti-cancer effect of the chemotherapeutic agent relative to a 

control cancer cell not treated with L CAM inhibitor (for example, where the cancer 

15 cell is deemed to have a lower than expected response to the chemotherapeutic agent).  

In a specific non-limiting embodiment the increase in sensitivity is at least about 30 

percent.  

An L CAM inhibitor is an agent that reduces the ability of L CAM to co-opt 

blood vessels and /or reduces the ability of LICAM to reinitiate or promote tumor 

20 growth or spread (e.g., the inhibitor reduces tumor cell invasiveness) and can be used 

to eliminate quiescent cells within tumors. An LICAM inhibitor may act, for 

example and not by way of limitation, by reducing expression of L CAM in the 

cancer cell or removing LICAM from the cancer cell surface or binding to LICAM 

such that its ability to bind to an endothelial cell or other cancer cells or normal tissue 

25 is reduced, for example by reducing the amount of LICAM available for cell binding, 

by physical inhibition or by labeling LICAM-expressing cells and thus marking them 

for destruction by the immune system.  

In non-limiting embodiments, where the subject is a human, LICAM to be 

inhibited is human LICAM having an amino acid sequence as set forth in UniProtKB 

30 Accession No. P32004 and/or NCBI Accession Nos. NM_000425 version 

NM_000425.4 and/or NM_001278116 version NM_001278116.1.  

In non-limiting embodiments, an L I CAM inhibitor may be an 

immunoglobulin, for example an antibody or antibody fragment or single chain 

antibody that specifically binds to LICAM, or a therapeutic molecule that comprises 

10
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one or more immunoglobulin region(s). Non-limiting examples of such antibodies are 

disclosed in United States Patent No. 8,138,313, International Patent Application 

Publication No. WO 2007114550, and International Patent Application Publication 

No. WO 2008151819, as well as antibodies that compete with the antibodies 

5 described in these citations for L CAM binding. In certain non-limiting embodiments 

an anti-LICAM antibody or antibody fragment may be used to prepare a human, 

humanized, or otherwise chimeric antibody that is specific for LICAM for use 

according to the invention. In certain non-limiting embodiments an L CAM antibody, 

antibody fragment, or single chain antibody may inhibit binding of LICAM to an 

10 endothelial cell or a blood capillary, to L CAM or other molecules on neighboring 

cancer or stromal cells, or to other components of the extracellular matrix under 

physiologic conditions, for example in vitro or in vivo. In certain non-limiting 

embodiments an LICAM inhibitor comprises immunoglobulin regions that bind to 

LICAM and CD133 (the immunoglobulin is bi-specific). In certain non-limiting 

15 embodiments an LICAM inhibitor comprises immunoglobulin regions that bind to 

L I CAM and CD44. In certain non-limiting embodiments, an L CAM inhibitor binds 

to L CAM as well as a T cell antigen. In certain non-limiting embodiments, an 

LICAM inhibitor binds to LICAM as well as an NK cell antigen. In certain non

limiting embodiments, an LICAM inhibitor binds to LICAM and EphB2.  

20 In non-limiting embodiments, an L ICAM inhibitor may be a nucleic acid, for 

example, a short hairpin, interfering, antisense, or ribozyme nucleic acid comprising a 

region of homology to an LICAM mRNA. For example, such nucleic acids may be 

between about 15 and 50 or between about 15 and 30 or between about 20 and 30 

nucleotides long, and be able to hybridize to LCAM mRNA under physiologic 

25 conditions. A non-limiting example of a short hairpin (sh) RNA that inhibits LICAM 

is set forth in the example below. In non-limiting embodiments, an LICAM inhibitor 

which is a nucleic acid may be provided in a LCAM-expressing cancer cell via a 

vector, for example a lentivirus, which may be selectively targeted to said cancer cell 

and/or wherein expression of the LICAM inhibitor nucleic acid may be directed by a 

30 promoter which is selectively active in tumor cells. Non-limiting examples of nucleic 

acid sequence of an LICAM mRNA include the sequence set forth in NCBI 

Accession Nos. NM_000425 version NM_000425.4 and/or NM_001278116 version 

NM_001278116.1. In one specific non-limiting embodiment, the L CAM inhibitor 

11
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is RNAi TRCN0000063916 (The RNAi Consortium, Public TRC Portal), having a 

hairpin sequence 

5'-CCGGACGGGCAACAACAGCAACTTTCTCGAGAAAGTTGCTGTTGTTGCC 

CGTTTTTTG (SEQ ID NO:1) 

5 and a target sequence ACGGGCAACAACAGCAACTTT (SEQ ID NO:2); 

or the hairpin sequence 

5'-CCGGCCACTTGTTTAAGGAGAGGATCTCGAGATCCTCTCCTTAAACAAG 

TGGTTTTTG (SEQ ID NO:3) 

and a target sequence CCACTTGTTTAAGGAGAGGAT (SEQ ID NO:4); 

10 or the hairpin sequence 

5'-CCGGGCCAATGCCTACATCTACGTTCTCGAGAACGTAGATGTAGGCATT 

GGCTTTTTG (SEQ ID NO:5) 

and a target sequence GCCAATGCCTACATCTACGTT (SEQ ID NO:6) 

In certain non-limiting embodiments, the LICAM inhibitor may be an 

15 antibody directed against a mutated LICAM protein that is expressed on the surface 

of a MetCSC at high level. Non-limiting examples of mutated LiCAM proteins are 

set forth in Vos, Y.J., and Hofstra, R.M. (2010) and in Faltas et al., 2016, Nat. Genet.  

48(12):1490-1499, both incorporated by reference herein. An updated and upgraded 

LICAM mutation database. Hum Mutat 31, El102-1109.  

20 In certain non-limiting embodiments, the LICAM inhibitor may be an agent or 

agents that can edit the LCAM gene, for example via CRISPR/Cas9-mediated 

knockout of the LICAM gene (see, e.g. FIGURE 21 and working examples below).  

Genome editing is a technique in which endogenous chromosomal sequences present 

in one or more cells within a subject, can be edited, e.g., modified, using targeted 

25 endonucleases and single-stranded nucleic acids. The genome editing method can 

result in the insertion of a nucleic acid sequence at a specific region within the 

genome, the excision of a specific sequence from the genome and/or the replacement 

of a specific genomic sequence with a new nucleic acid sequence. A non-limiting 

example of a genome editing technique is the CRISPR/Cas 9 system. Non-limiting 

30 examples of such genome editing techniques are disclosed in PCT Application Nos.  

WO 2014/093701 and WO 2014/165825, the contents of which are hereby 

incorporated by reference in their entireties. In certain embodiments, the genome 

editing technique can include the use of one or more guide RNAs (gRNAs), 

complementary to a specific sequence within a genome, including protospacer 

12
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adjacent motifs (PAMs), to guide a nuclease, e.g., an endonuclease, to the specific 

genomic sequence, for example a sequence necessary for expression of LICAM 

(including but not limited to the coding region of the gene itself and/or its promoter); 

the complementary region may be at least about 10 nucleotides or at least about 20 

5 nucleotides or at least about 30 nucleotides in length. A non-limiting example of an 

endonuclease includes the clustered, regularly interspaced short palindromic repeat 

(CRISPR) associated protein 9 (Cas9). In certain embodiments, the endonuclease can 

result in the cleavage of the targeted genome sequence and allow modification of the 

genome at the cleavage site through nonhomologous end joining (NHEJ) or 

10 homologous recombination. In certain embodiments, a genome editing technique of 

the present disclosure can include the introduction of an expression vector comprising 

a nucleic acid sequence that encodes a Cas protein or a mutant thereof, e.g., 

Cas9D10A, into one or more cells of the subject. In certain embodiments, the vector 

can further comprise one or more gRNAs for targeting the Cas9 protein to a specific 

15 nucleic acid sequence within the genome. In certain embodiments, the nucleic acid 

sequence encoding the Cas protein can be operably linked to a regulatory element, 

and when transcribed, the one or more gRNAs can direct the Cas protein to the target 

sequence in the genome and induce cleavage of the genomic loci by the Cas protein.  

In certain embodiments, the Cas9 protein cuts about 3-4 nucleotides upstream of the 

20 PAM sequence present adjacent to the target sequence. In certain embodiments, the 

regulatory element operably linked to the nucleic acid sequence encoding the Cas 

protein can be a promoter, e.g., an inducible promoter such as a doxycycline inducible 

promoter. The term "operably linked," when applied to DNA sequences, for example 

in an expression vector, indicates that the sequences are arranged so that they function 

25 cooperatively in order to achieve their intended purposes, i.e., a promoter sequence 

allows for initiation of transcription that proceeds through a linked coding sequence as 

far as the termination signal. In certain embodiments, the Cas9 enzyme encoded by a 

vector of the present invention can comprise one or more mutations. The mutations 

may be artificially introduced mutations or gain- or loss-of-function mutations. Non

30 limiting examples of such mutations include mutations in a catalytic domain of the 

Cas9 protein, e.g., the RuvC and HNH catalytic domains, such as the D1O mutation 

within the RuvC catalytic domain and the H840 in the HNH catalytic domain. In 

certain embodiments, a mutation in one of the catalytic domains of the Cas9 protein 

results in the Cas9 protein functioning as a "nickase," where the mutated Cas9 protein 
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cuts only one strand of the target DNA, creating a single-strand break or "nick." In 

certain embodiments, the use of a mutated Cas9 protein, e.g., Cas9D1OA, allows the 

use of two gRNAs to promote cleavage of both strands of the target DNA. Additional 

non-limiting examples of Cas9 mutations include VP64, KRAB and SID4X.  

5 In certain embodiments, the genome editing technique of the present disclosure can 

further include introducing into the one or more cells an additional vector comprising 

a nucleic acid. In certain embodiments, this vector can further comprise one or more 

targeting sequences that are complementary (e.g., can hybridize) to the same and/or 

adjacent to the genomic sequences targeted by the gRNAs to allow homologous 

10 recombination to occur and insertion of the nucleic acid sequence (i.e., donor nucleic 

acid sequence) into the genome.  

5.2 ASSAY SYSTEMS 

In various embodiments, the present invention relates to assay systems and 

15 components thereof for producing models of metastatic disease and using such 

models as assay systems for identifying therapeutic agents.  

In various non-limiting embodiments, the invention provides for an 

assay for identifying an agent that inhibits metastasis, comprising an organoid culture 

comprising cancer cells that express LICAM. Said cells may express high levels of 

20 LICAM and/or medium or high levels of EphB2. In certain non-limiting 

embodiments, said cancer cells are MetCSCs and optionally express an exogenous 

marker, for example a fluorescent exogenous marker. Certain non-limiting 

embodiments provide for a method of identifying a MetCSC, comprising determining 

that the cell expresses LICAM, for example surface expression of a high level of 

25 LICAM. In certain non-limiting embodiments the MetCSC further expresses a 

medium or high level of EphB2. Expression of L CAM and optionally EphB2 may 

be determined by any method known in the art, including but not limited to antibody

based or PCR-based methods. In certain non-limiting embodiments the MetCSC is 

isolated from a primary cancer of a subject. In certain non-limiting embodiments the 

30 MetCSC is isolated from a metastasis of a subject. In certain non-limiting 

embodiments the cancer, either primary or metastatic, is of breast, lung, renal, or 

colorectal origin.  

In certain non-limiting embodiments, where the cancer, primary or metastatic, 

is of colorectal origin, the MetCSC may further be identified as exhibiting surface 
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expression of one or more of CD133 and/or CD44 in addition to LICAM and 

optionally EphB2.  

Certain non-limiting embodiments provide for an isolated MetCSC cell 

expressing LICAM. In certain non-limiting embodiments the MetCSC expresses a 

5 high level of LICAM. In certain non-limiting embodiments, the isolated MetCSC 

comprises an introduced exogenous marker. In certain non-limiting embodiments the 

exogenous marker is a fluorescent marker. In particular embodiments, the invention 

provides for a composition comprising cells that are an essentially pure population of 

MetCSCs expressing LICAM. In non-limiting embodiments, the MetCSCs may be 

10 isolated using FACS or other cell-isolating methods known in the art.  

The above MetCSCs may be used to prepare a model system of metastasis that 

may be used to study the metastatic process and may be used as an assay system to 

identify agents for inhibiting and thereby treating metastatic disease in a subject.  

In certain non-limiting embodiments, the invention provides for a model 

15 system of metastasis/assay system comprising an organoid culture formed of cancer 

cells that express LICAM and optionally EPCAM. In certain non-limiting 

embodiments, the cancer cells further express EphB2. In certain embodiments the 

cancer cells express high levels of LICAM and med/high levels of EphB2.  

In certain non-limiting embodiments, the invention provides for a model 

20 system of metastasis/assay system comprising an organoid culture formed of MetCSC 

cells that express LICAM and EPCAM. In certain non-limiting embodiments, the 

MetCSC cells further express EphB2. In certain embodiments the MetCSC cells 

express high levels of LICAM and med/high levels of EphB2. See, for example, 

Drost et al., 2016, Nature Protocols 11:347-358 for description of organoid culturing 

25 techniques. For example, the culture medium for organoid culture may comprise Wnt.  

MetCSC cells, as described above, may be used as the basis for organoid 

development. A non-limiting example of an in vitro assay system comprises said 

MetCSC, under conditions that promote organoid formation. An agent effective in 

inhibiting metastasis from forming and/or progressing may be identified as an agent 

30 that reduces the occurrence or growth of organoids in said system.  

In certain non-limiting embodiments, a MetCSC, as described above, 

optionally having been cultivated to form an organoid, may be introduced into a 

laboratory animal such as an athymic mouse or other immunocompromised non

human host, and used to test whether an administered agent is effective at delaying, 
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reducing the number, or inhibiting the growth or dispersal of metastatic growth 

resulting from said MetCSC, thereby identifying it as having anti-metastasis 

therapeutic activity.  

In related non-limiting embodiments, the invention provides for a method of 

5 identifying an agent that inhibits metastasis, comprising : 

(i) providing an organoid culture comprising cancer cells that express 

LICAM; 

(ii) contacting the organoid culture with a test agent; 

(iii) determining whether the level of L CAM expression descreases in the test 

10 agent-contacted culture relative to a control organoid culture that has not been 

contacted with the test agent; 

wherein a decrease in the level of LCAM expression, interactions, and/or 

signaling in response to contacting with the test agent indicates that the test agent 

inhibits metastasis.  

15 

5.3 KITS 

In certain non-limiting embodiments, the invention provides for a kit for 

determining whether a subject having a cancer is at increased risk for metastatic 

spread of the cancer, comprising means for determining whether a cell of the cancer 

20 expresses L I CAM, and, optionally, instructional material that indicates that 

expression, on a cancer cell, of LICAM indicates that the subject may benefit from 

L I CAM inhibitor therapy.  

In certain non-limiting embodiments, the invention provides for a kit for 

identifying an agent that inhibits metastasis, comprising (i) cancer cells that express 

25 LICAM and (ii) means for determining the LICAM expression level. In various non

limiting embodiments the cancer cells can express high levles of LICAM and 

optionally further express one or more of CD133, CD44 and/or EphB2. In certain 

non-limiting embodiments, the means for detecting LICAM expression is an 

oligonucleotide probe that detectably binds to LICAM. In certain non-limiting 

30 embodiments, the means for detecting LICAM expression is a pair of primers that 

can be used in polymerase chain reaction to determine the LCAM expression level.  

In certain non-limiting embodiments, the means for detecting LICAM expression is 

an immunoglobulin that specifically binds to L CAM.  
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Non-limiting examples of types of kits include, but are not limited to, 

arrays/microarrays, LICAM-specific antibodies and beads, which may contain one or 

more primer, probe, antibody, or other detection reagent(s) for detecting LICAM and 

optionally other markers set forth above (EphB2, CD133, CD44).  

5 In non-limiting embodiments, the present invention provides for a kit for 

determining whether a subject having a cancer is at increased risk of having or 

developing a metastasis of the cancer, comprising a means for detecting the protein 

level (directly or via mRNA) of L CAM and optionally EphB2, CD133 and/or CD44.  

In certain non-limiting embodiments, surface expression of LICAM and 

10 optionally EphB2, C44, and/or CD133 is detected.  

In non-limiting embodiments, a kit may comprise at least one antibody for 

immunodetection of LICAM and optionally EphB2, CD44 and/or CD133.  

Antibodies, both polyclonal and monoclonal, including molecules comprising an 

antibody variable region or subregion thereof, specific for these proteins, may be 

15 prepared using conventional immunization techniques, as will be generally known to 

those of skill in the art. The immunodetection reagents of the kit may include 

detectable labels that are associated with, or linked to, the given antibody or antigen 

itself. Such detectable labels include, for example, chemiluminescent or fluorescent 

molecules (rhodamine, fluorescein, green fluorescent protein, luciferase, Cy3, Cy5, or 

20 ROX), radiolabels (3H, 35S, 32P, 14C, 1311) or enzymes (alkaline phosphatase, 

horseradish peroxidase). Alternatively, a detectable moiety may be comprised in a 

secondary antibody or antibody fragment which selectively binds to the first antibody 

or antibody fragment (where said first antibody or antibody fragment specifically 

recognizes a serpin).  

25 In a further non-limiting embodiment, a L CAM-specific antibody (or 

optionally EphB2, CD44 and/or CD133-specific antibody) may be provided bound to 

a solid support, such as a column matrix, an array, or well of a microtiter plate.  

Alternatively, the support may be provided as a separate element of the kit.  

In certain embodiments, types of kits include, but are not limited to, packaged 

30 probe and primer sets (e.g. TaqMan probe/primer sets), which may further contain 

one or more probes, primers, or other detection reagents for detecting one or more 

serpin, for example neuroserpin, serpin B2, serpin El, serpin E2 or serpin D1.  

In a specific, non-limiting embodiment, a kit may comprise a pair of 

oligonucleotide primers, suitable for polymerase chain reaction (PCR) or nucleic acid 
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sequencing, for detecting the protein(s) to be identified. A pair of primers may 

comprise nucleotide sequences complementary LICAM or optionally EphB2, CD133 

and/or CD44-encoding mRNA and be of sufficient length to selectively hybridize 

with said mRNA. Multiple marker protein-specific primers may be included in the kit 

5 to simultaneously assay a plurality of proteins (e.g. LICAM and optionally one or 

more of EphB2, CD44 and/or CD133). The kit may also comprise one or more 

polymerase, reverse transcriptase, and nucleotide bases, wherein the nucleotide bases 

can optionally be further detectably labeled.  

In non-limiting embodiments, a primer may be at least about 10 nucleotides or 

10 at least about 15 nucleotides or at least about 20 nucleotides in length and/or up to 

about 200 nucleotides or up to about 150 nucleotides or up to about 100 nucleotides 

or up to about 75 nucleotides or up to about 50 nucleotides in length.  

In a further non-limiting embodiment, an oligonucleotide primer may be 

immobilized on a solid surface or support, for example, on a nucleic acid microarray, 

15 and optionally the position of each oligonucleotide primer bound to the solid surface 

or support is known and identifiable.  

In a specific, non-limiting embodiment, a kit may comprise at least one 

nucleic acid probe, suitable for in situ hybridization or fluorescent in situ 

hybridization, for detecting the protein to be identified.  

20 In one specific non-limiting embodiment, a kit may comprise one or more of: 

a probe, primers, microarray, antibody or antibody fragment suitable for detecting 

LICAM and one or more of EphB2, CD44, and/or CD133.  

In certain non-limiting embodiments, a kit may comprise one or more 

detection reagents and other components (e.g. a buffer, enzymes such as alkaline 

25 phosphatase, antibodies, and the like) necessary to carry out an assay or reaction to 

determine the expression levels of a biomarker.  

In certain non-limiting embodiments, the invention provides for a diagnostic 

method for determining whether a subject having a cancer is at increased risk for 

metastatic spread of the cancer, comprising means for determining whether a cell of 

30 the cancer expresses LICAM and EphB2, where if the cancer cell is found to express 

LICAM and EphB2, and particularly high LICAM and med/high EphB2, the subject 

is at increased risk for developing metastatic disease relative to a subject having a 

cancer lacking those markers, and may benefit from LICAM inhibitor therapy. The 

method may further include informing the subject or a health care worker of the result 
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of the determination and the associated risk. The method may further include, where 

an increased risk is indicated, recommending or performing an additional diagnostic 

procedure, for example an imaging study, to determine whether the subject has 

detectable metastatic disease. Non-limiting examples of imaging modalities include 

5 magnetic resonance imaging, computerized tomography and positron emission 

tomography. In a related embodiment, the invention provides for a method of 

treatment comprising performing the diagnostic method and then, where increased 

risk is indicated, administering a therapeutic amount of LICAM inhibitor.  

10 6. EXAMPLE: LICAM INHIBITION INHIBITS/REDUCES 

METASTASES AND INHIBITS PROGRESSION OF ESTABLISHED 

METASTASES 

Metastasis is a highly inefficient process, in that primary tumor cells must first 

undergo epitheial-mesenchymal transition and escape from the primary tumor. After 

15 dissemination in the bloodstream, the vast majority of tumor cells die, leaving only a 

tiny fraction capable of surviving in a hostile foreign organ. These remaining few 

tumor cells may lie dormant for months or years, and then, when conditions are right, 

start to proliferate and reinitiate tumor growth. Once this so-called macrometastatic 

growth has been initiated, it is usually still possible to kill the bulk of tumor cells 

20 with chemotherapy, radiation, targeted therapy and/or immunotherapy - sometimes 

even to the point of no measurable disease - but a true cure is rarely possible.  

This suggests that the tumor cells that form macrometastases - the MetCSCs 

are resistant to chemotherapy, radiation, targeted therapy and/or immunotherapy, as 

they must survive these therapies applied to treat, first, the primary tumor and, later, 

25 its metastases. In addition, MetCSCs are able to undergo long-term self-renewal, have 

the ability to generate heterogeneous progeny (recapitulating tumor heterogeneity) 

and are capable of entering and exiting a dormant state, in which they can, potentially, 

exist for years (even decades, as seen in the case of ER/PR positive breast cancer).  

Because chemotherapy may not be a treatment option for controlling 

30 metastatic growth, it is important to understand MetCSC mechanistically and identify 

therapeutic targets that will specifically kill these cells. To date, model systems for 

studying metastases have been imperfect.  

LICAM is a molecule associated with various cancers. AberrantLICAM 

expression has been demonstrated at the leading edge of primary tumors, and is 
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associated with invasion, metastasis and poor prognosis in many human cancers 

including lung, breast and colon carcinomas (Voura et al., 2001; Ben et al., 2010; 

Tsutsumi et al., 2011; Schroder et al, 2009; Tischler et al., 2011; Boo et al., 2007; 

Chen et al., 2013; Fogel et al., 2003a; Doberstein et al., 2011; Fogel et al., 2003b; 

5 Kim et al., 2009; Maness et al., 2007 ). LCAM expression is normally restricted to 

neurons where it mediates axonal guidance through interactions of the growth cone 

with surrounding components (Castellani et al., 2002; Wiencken-Barger et al., 2004).  

A number of immunohistologic studies were performed to further study the 

expression of LICAM during the metastatic process. LICAM was found to be 

10 expressed at the primary tumor invasion front (FIGURE 5A) where the cells remain 

quiescent (low Ki67; FIGURE 5B). Strikingly, well-differentiated areas of tumors 

with intact glandular morphology expressed L CAM predominantly in Ki67-low, 

quiescent cells; while in poorly-differentiated areas with loss of epithelial integrity, 

LICAM expression could be observed in Ki67-high cells (FIGURES 5A, 5B).  

15 LICAM was not expressed in adjacent normal colonic epithelial cells (FIGURE 6D).  

The expression of LICAM is increased in tumor relative to normal tissue, and in 

metastasis relative to tumor (FIGURE 6A-C, FIGURE 7A-C). Finally, post

chemotherapy residual disease is strongly LCAM1+, and the cells are quiescent (low 

Ki67; FIGURE 8A-B). All these features are consistent with LICAM being a marker 

20 - and functionally relevant molecule - of MetCSCs. Experiments were performed to 

determine whether inhibition of L I CAM could impact metastasis. Cancer cells which 

either were transfected with shL]CAM (to knock down L CAM expression) or 

control cancer cells were introduced into athymic mice (by intracardiac injection to 

assess brain or bone metastasis and by tail vein injection to assess lung metastasis) 

25 and the amount of metastases determined after several weeks using bioluminescence 

imaging. As shown in FIGURE 1A-D, the extent of metastatic disease was 

dramatically reduced in mice that had received LlCAM-depleted cancer cells.  

LICAM depletion (LICAM inhibition) significantly reduced the progression of 

metastatic disease, including metastasis of breast cancer to lung (FIGURE 1A), 

30 metastasis of breast cancer to bone (FIGURE 1B), metastasis of colon cancer to liver 

(FIGURE IC), and metastasis of renal cell cancer to brain (FIGURE ID).  

Experiments were also performed to determine whether LICAM inhibition 

could be used to treat existing metastatic disease. In these experiments, expression of 

shL]CAMwas placed under the control of an inducible promoter which could be 
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activated by the drug doxycycline, so that knockdown of LICAM could be turned on 

after dissemination of tumor cells had occurred. Athymic mice receiving either 

shL1CAAind -transfected cancer cells or control cancer cells were treated with 

doxycycline at day 14 and then assessed for metastatic disease by bioluminescence 

5 imaging at day 28 (FIGURE 2). The results are shown in FIGURES 2 and 3A-C, 

which show that LICAM knockdown inhibited the growth of established metastases 

and, in particular, metastasis of lung cancer to brain (FIGURE 3A), metastasis of 

breast cancer to bone (FIGURE 3B), and metastasis of breast cancer to lung (FIGURE 

3C). LICAM has been determined to play a role in vascular co-option, but 

10 established metastases outgrow the need for vascular-co-option, making it interesting 

to observe that LICAM inhibition also was able to inhibit progression of established 

metastases (FIGURE 4A-B).  

7. EXAMPLE: MODEL SYSTEM FOR METASTATIC DISEASE 

15 Experiments were performed to develop models for metastatic disease. In 

particular, patient-derived cells were used to generate organoids in culture, using a 

modification of the technique developed by Hans Clevers, in which organoids grow in 

three dimensions in matrigel and stem cell media enriched with Wnt is used for 

culturing (FIGURE 10). For example, metastatic tumor was harvested from a patient, 

20 dissociated into single cells, and then a LlCAM+, EpCAM+ fraction of cells was 

collected by fluorescence activated cell sorting (FACS) and used to establish organoid 

cultures (FIGURE 11). Of note, EphB2 med; L1CAM+ cells were found to constitute 

a novel subset of MetCSCs (FIGURE 12). When collected from a subject having 

colorectal cancer, the LlCAMhfraction was found to show increased cell surface 

25 expression of established colorectal cancer stem cell markers CD133, CD44 and 

EphB2 relative to LICAM°" cells (FIGURE 13). Results of FACS analysis for 

markers LICAM, EphB22, CD133, and CD44 are shown in FIGURES 14 and 15.  

It was further observed that tumor L CAM expression was associated with 

organoid-initiating capability (FIGURES 16 and 17). Residual tumors expressing 

30 high levels of cell-surface LICAM could more frequently be cultured as organoids 

than tumors with low LICAM levels (FIGURES 9A-C). FACS sorted LlCAMhigh 

cells from freshly resected residual CRC liver metastases had greater organoid 

generating-capacity that LICAMlow cells from the same tumors (FIGURE 9D).  
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Interestingly, LICAMhighcells were found to give rise to both LCAMhighand 

LlCAMi, progeny (FIGURE 18). Further, L1CAM+ cells that are Ki67 low in vivo 

are more capable of organoid-initiation than LICAM- cells (Ki67 high in vivo) 

(FIGURE 19), suggesting that LlCAM+ cells within patient tumors are slow-cycling 

5 reserve cells that can re-enter the cell cycle, reinitiate tumor growth and repopulate 

heterogenous tumors consisting of both LICAM and LlCAM~ cells under permissive 

conditions. This is demonstrated in FIGURE 22, which shows that nascent small 

organoids are comprised of universally LlCAM+ cells, but as the organoids grow, the 

cells divide to generate mostly LICAM- differentiated progeny that populate the bulk 

10 of the organoid.  

When LICAM expression was compared between dissociated tumor and the 

organoids generated from the dissociated tumor, it was found that LICAM expression 

was a trait selected for during organoid generation. The results from dissociated 

tumor collected from two different patients are shown in FIGURES 20A and 20B.  

15 When LICAM was deleted using CRISPR-Cas-9, fewer organoids resulted (FIGURE 

21), suggesting that L CAM is required for the survival and/or regrowth of organoid

initiating MetCSCs. Notably, dissociation of intact organoids into single cells 

markedly upregulated L CAM expression (FIGURE 27).  

Patient metastasis-derived organoids were expanded in vitro, FACS sorted into 

20 L1CAMhigh and LpCAM°" populations and implanted as subcutaneous xenografts 

into NSG mice, whereupon the Ll CAMhigh cells displayed greater in vivo tumor re

initiation capacity (FIGURE 25A) The subcutaneous tumors displayed well

differentiated glandular epithelial morphology and intestinal mucin secretion 

(FIGURE 25B). FACS sorting of subcutaneous tumor-derived cells based on cell

25 surface L I CAM expression revealed that Ll CAMhigh cells retained their organoid

reinitiating capacity (FIGURE 25C).  

Next, we injected Stage III CRC-derived organoids into the splenic vein of 

immunocompromised NSG mice. Liver metastases thus generated were then 

passaged as organoids and re-injected into the splenic vein. Such serially passaged 

30 liver metastatic organoids not only formed larger liver metastases more rapidly than 

their parental organoids, but also expressed higher levels of LICAM (FIGURE 26A

D). In sum, LlCAMhgh cells in therapy-resistant residual metastatic patient tumors 

are organoid and metastasis-reinitiating stem cells (MetSCs) 
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8. EXAMPLE: INHIBITION OF LICAM REVERSES 

CHEMORESISTANCE 

Kras-mutant lung cancer cells that were resistant to carboplatin and 

methotrexate were transfected with shCONTROL or shL1CAM operably linked to a 

5 doxycycline-inducible promoter. shCONTROL or shL1CAM containing cancer cells 

were then injected, intracardially, into athymic mice (day 0). On day 14, treatment 

with doxycycline and v=carboplatin or methotrexate was initiated, and tumors were 

assessed on day 35. As shown in FIGURE 24, the cancer cells expressing LICAM 

inhibitor were more sensitive to carboplatin or methotrexate than the control cells.  

10 This indicates that LICAM inhibition can render chemoresistant cells more sensitive 

to chemotherapy.  

9. EXAMPLE: LICAM IS REQUIRED FOR ANOIKIS EVASION 

AND ORGANOID REGENERATION 

15 To interrogate whether LICAM is functionally required for organoid growth 

or regeneration, we performed CRISPR-Cas9 mediated knockout of LICAM in 

metastasis-derived organoids (see FIGURE 21). LICAM-knockout significantly 

inhibited the ability of organoid-derived single cells to regenerate new organoids 

(FIGURE 28A-D). Similarly, doxycycline inducible knockdown of LICAM inhibited 

20 organoid regeneration (FIGURE 28E-G). Notably, withdrawal of doxycycline after 

14 days of culture did not permit organoid regrowth, suggesting that LCAM

deficient metastatic CRC progenitors require LICAM not only to drive organoid 

regrowth but also to survive when detached from epithelial structures (FIGURE 28H

I). Consistently, LICAM-deficient cells displayed increased caspase activity in the 

25 first week following dissociation (FIGURE 28J). Thus, LICAM-deficient cells 

demonstrate detachment-induced, caspase-mediated cell death, a.k.a. anoikis.  

LICAM knockdown did not alter the expression of genes associated with 

pluripotency, ISC, wnt-response or differentiation. In vivo, LCAM knockdown 

abrogated subcutaneous tumor growth in NSG mice (FIGURE 28K-L). In sum, 

30 LICAM does not drive the phenotypic progenitor cell identity of MetSCs, but is 

required for their survival and regrowth upon epithelial detachment, crucial 

requirements for successful tumor propagation and metastasis.  

YAP activity is induced by loss of epithelial interaction and contact with stiff 

basement membrane in multiple contexts (Zhao B, Wei X, Li W, Udan RS, Yang Q, 
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Kim J, Xie J, Ikenoue T, Yu J, Li L, Zheng P, Ye K, Chinnaiyan A, Halder G, Lai ZC, 

Guan KL. Inactivation of YAP oncoprotein by the Hippo pathway is involved in cell 

contact inhibition and tissue growth control. Genes Dev. 2007 Nov 1;21(21):2747-61., 

Aragona M, Panciera T, Manfrin A, Giulitti S, Michielin F, Elvassore N, Dupont S, 

5 Piccolo S. A mechanical checkpoint controls multicellular growth through YAP/TAZ 

regulation by actin-processing factors. Cell. 2013 Aug 29;154(5):1047-59. Benham

Pyle BW, Pruitt BL, Nelson WJ. Cell adhesion. Mechanical strain induces E

cadherin-dependent YapI and j-catenin activation to drive cell cycle entry. Science.  

2015 May 29;348(6238):1024-7. Gjorevski N, Sachs N, Manfrin A, Giger S, Bragina 

10 ME, Ord65ez-Morin P, Clevers H, Lutolf MP. Designer matrices for intestinal stem 

cell and organoid culture. Nature. 2016 Nov 24;539(7630):560-564). Indeed, 

dissociation of organoids into single cells significantly induced expression of YAP 

target genes ANKRD1, CYR61 and ITGB1 (FIGURE 28M).  

15 10. EXAMPLE: LICAM-EXPRESSION BY PROGENITOR CELLS IS 

REQUIRED FOR EPITHELIAL REGENERATION FOLLOWING INJURY 

Since LICAM is required for survival, regrowth and restoration of tissue 

architecture by transformed epithelial cells, we wondered whether it might also be 

required in non-transformed epithelia when epithelial integrity is disrupted. As seen 

20 in the human, normal mouse colon epithelia did not express significant amounts on 

LICAM (FIGURE 29A). However, when grown as organoids, non-transformed 

colon epithelial cells induced LICAM expression (FIGURE 29A). As seen with 

cancer organoids, normal mouse colon organoids dynamically upregulated LICAM 

immediately upon organoid dissociation, with total organoid LICAM declining over 

25 time as the organoids grew larger (FIGURE 29B). To test whether LICAM is 

induced during epithelial injury in vivo, we treated C57BL6 with dextran sodium 

sulfate (DSS) water for 7 days. LICAM was not expressed in control mice given 

water, but was expressed from day 11-day 16 in regenerating colon crypts in areas 

that demonstrated DSS damage (FIGURE 29C). LICAM was expressed not in the 

30 crypt base compartment associated with rapidly proliferating stem cells, nor in the 

fully differentiated luminal cells, but instead in the regenerating transit-amplifying 

colon cells (FIGURE 29D).  

To interrogate the functional significance of LICAM in colon regeneration, 

we crossed LlCAME f mice with the intestinal stem cell-specific Lgr5-GFP-IRES
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Cre-ERT2 mice. Cre recombinase expression was induced by treating the mice with 

IP tamoxifen for three doses concurrent with DSS or water treatment. When given 

water, tamoxifen-treated mice displayed no alterations in weight (FIGURE 29E), 

behavior or bowel habit. When treated with DSS, tamoxifen-treated Lgr5-GFP-IRES

5 Cre-ERT2/L1CAMfVJ1 demonstrated sustained weight loss and reduced survival in 

comparison to controls. Autopsy revealed significantly shortened colons, with 

histopathology showing diffuse inflammation with areas of mucosal denudation 

(FIGURE 29F).  

10 11. EXAMPLE: EPITHELIAL DISRUPTION INDUCES LICAM BY 

DISPLACING REST FROM THE LICAM PROMOTER 

Next, we sought to understand how epithelial progenitor cells induce and 

regulate LICAM expression. To determine whether colitis-associated inflammatory 

cytokines might contribute to LICAM induction, we incubated human CRC 

15 organoids with conditioned media from normal or inflamed colons. Neither colitis 

conditioned-media nor incubation with recombinant cytokines associated with colitis 

or neuronal regeneration (where LICAM has been previously implicated) induced 

LICAM (FIGURE 30A-B). In contrast, dissociation of organoids into single cells 

was necessary and sufficient for LCAM upregulation (FIGURE 30A-B). Structural 

20 integrity in intact epithelia is secured by e-cadherin homophilic cell-cell contacts in 

adherens junctions. We therefore hypothesized that loss of e-cadherin from the cell 

membrane in disrupted epithelia might induce LICAM expression. Consistent with 

this hypothesis, shRNA-mediated knockdown of e-cadherin in CRC organoids 

induced LICAM and YAP target gene expression (FIGURE 30C).  

25 In various non-neuronal tissues, the transcriptional repressor NSRF/REST 

normally prevents the expression of LICAM and other neuronal genes. REST has 

been identified as a tumor suppressor and metastatic colorectal cancers frequently 

acquire loss-of-function mutations or deletions in the REST gene. We therefore 

investigated whether REST is functional in repressing LICAM expression in 

30 organoids. REST knockdown in human CRC organoids strongly induced LICAM 

expression, suggesting that REST is active in repressing LlCAM expression 

(FIGURE 30D). CHIP-PCR specifically pulled down REST bound to an intronic 

enhancer in the first intron of the LCAM locus in CRC organoids (FIGURE 30E).  

To verify whether epithelial disruption is associated with LICAM expression in 
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patient tumors, we stained serial sections of primary CRC invasion fronts with 

antibodies against e-cadherin and REST. We identified a strong correlation between 

loss of membranous e-cadherin and LICAM expression in patient tumors (FIGURE 

30F). These results indicate that LiCAM is required for the survival of cells that are 

5 deprived of epithelial integrity, and is downregulated in intact epithelia.  
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CLAIMS 

1. A method of inhibiting progression of established metastatic disease in a subject 

who has received treatment for a primary cancer, comprising administering to the subject a 

therapeutic amount of a LiCAM inhibitor, wherein the LiCAM inhibitor is administered at least 

one month after a course of chemotherapy, targeted therapy, immunotherapy, and/or 

radiotherapy of the primary cancer is completed, and wherein the primary cancer is breast cancer 

or lung cancer.  

2. The method of claim 1, wherein the LICAM inhibitor is administered at least 

one month after a course of chemotherapy.  

3. The method of claim 1 or 2, wherein the LICAM inhibitor is administered in a 

maintenance regimen.  

4. The method of any one of claims 1-3, wherein the LICAM inhibitor is an 

immunoglobulin, an immunoglobulin bispecific for L I CAM and CD133, or an immunoglobulin 

bispecific for LICAM and CD44.  

5. The method of any one of claims 1-3, wherein the LICAM inhibitor is an 

interfering RNA, or an antisense RNA that targets L CAM.  

6. The method of any one of claims 1-5, wherein the primary cancer is breast 

cancer.  

7. Use of a LCAM inhibitor in the manufacture of a medicament for inhibiting 

progression of established metastatic disease in a subject who has received treatment for a 

primary cancer, wherein the LICAM inhibitor is administered at least one month after a course 

of chemotherapy, targeted therapy, immunotherapy, and/or radiotherapy of the primary cancer is 

completed, and wherein the primary cancer is breast cancer or lung cancer.  

8. The use of claim 7, wherein the L CAM inhibitor is administered at least one 

month after a course of chemotherapy.



9. The use of claim 7 or 8, wherein the LCAM inhibitor is administered in a 

maintenance regimen.  

10. The use of any one of claims 7-9, wherein the L CAM inhibitor is an 

immunoglobulin, an immunoglobulin bispecific for L I CAM and CD133, or an immunoglobulin 

bispecific for LICAM and CD44.  

11. The use of any one of claims 7-9, wherein the L CAM inhibitor is an interfering 

RNA, or an antisense RNA that targets L CAM.  

12. The use of any one of claims 7-11, wherein the primary cancer is breast cancer.  

13. The use of any one of claims 7-11, wherein the primary cancer is lung cancer.
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Tumor L1CAM expression is associated with organoid-initiating capability

p=0.02

4096

2048

1024

512

256

128

64

Organoids grow Organoids don't grow

FIG. 16

SUBSTITUTE SHEET (RULE 26)



WO 2018/026947 PCT/US2017/045145

34/59

FACS sorted L1CAM high cells generate organoids more efficiently than L1CAM low cells
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L1CAM+ cells (Ki67 low in vivo) are capable of organoid-initiation

as L1CAM-cells (Ki67 high in vivo)
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L1CAM-expression is a trait selected for during organoid generation
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L1CAM-expression is a trait selected for during organoid generation
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Next step: knockout L1CAM in organoids - assess organoid reinitiation, morphology, metastasis



Generating AL1CAM patient-derived CRC organoids

Approach: CRISPR-Cas9-mediated deletion of L1CAM
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