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This scientific report summarizes one of the best years of our center, if not the best 
one. 

In February, following 50 years in which we were located in an old pharmacy 
building, we moved to a new brand facility. In our new location, the offices of all the 
PIs are located next to one another, enabling close interactions. Our new labs are 
modern and fully equipped. We have a new and large student room where students 
from different labs can comfortably eat and socialize with one another. Furthermore, 
we now have a departmental equipment room which contains numerous state-of-the-
art instruments. This move was made possible because of our American friends and I 
would like to  take this opportunity and give  special thanks to two of them: Michael 
Kurtz and Derek Alpert from the Concern Foundation. We celebrated our move by 
holding a scientific symposium where former members of our center, which are now 
independent researchers in various universities in Israel and abroad, gave scientific 
talks. This celebratory day ended with a gala dinner which included students and 
researchers from the center, alumi of the center, friends of the center, our American 
friends, and the president of the Hebrew University: Prof. Asher Cohen. 

Memories and photos of this event and others can be found at our new website: 
https://lautenbergcenter.org/ 

I would like to thank Moriah Sapir who is responsible for almost everything mentioned 
above: our move, the symposium event, the new site, new logo and all other 
improvements she made in our new facility. 

The format of this report was also changed. We now provide a shorter, more 
comprehensive report which mainly contains lay English summary of each of the 
researchers’ achievements. Additional details can be found at our new website: 
https://lautenbergcenter.org/. 

Our center combines basic and applicable research performed on two major areas: 
tumor biology and immunology. We are especially proud this year because two anti-
cancer medicines that were developed by two members of our center are currently in 
advanced stages of development. One medicine, aimed at treatment of solid cancer 
was licensed to Northern Biologics and another medicine for the treatment of AML is 
in the process of FDA approval. 

Additional achievements can be seen in each individual report. 

Best wishes, 

 

Ofer Mandelboim 

Head of the Concern Foundation Laboratories at Lautenberg Center for Immunology 
and    
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ROLE OF TUMOR SUPPRESSOR  
GENE PRODUCTS OF COMMON  
FRAGILE SITES IN HUMAN DISEASES  

 

Rami Aqeilan 

 

 

 

Lay language summary 

Common fragile sites (CFSs) are large genomic regions that are prone to breakage 
in cells subjected to DNA replication stress. Impairment of CFSs has been shown to 
be common in cancer. Our work aims to study the consequences of DNA replication 
stress and how does this impact genes residing in CFSs. Recent observations from 
our lab clearly suggest that gene products of CFSs play important roles in cancer. 
Furthermore, accumulating evidence links some of these genes with metabolic 
diseases and neuropathy. The ultimate goal of our research is hence to discover the 
genes and to elucidate the pathways that represent targets for the development of 
rational, specific and effective therapeutic approaches. 

 

 

Selected Publications (2015-2018) 
1. Abu-Remaileh, M., and Aqeilan, R. I. (2015) The tumor suppressor WW 

domain-containing oxidoreductase modulates cell metabolism. Exp Biol Med 
(Maywood) 240, 345-350. 

2. Abu-Remaileh, M., Joy-Dodson, E., Schueler-Furman, O., and Aqeilan, R. I. 
(2015) Pleiotropic Functions of Tumor Suppressor WWOX in Normal and 
Cancer Cells. J Biol Chem 290, 30728-30735. 

3. Abu-Remaileh, M., Seewaldt, V. L., and Aqeilan, R. I. (2015) WWOX loss 
activates aerobic glycolysis. Mol Cell Oncol 2, e965640. 

4. Alian, A., and Aqeilan, R. I. (2015) T538 phosphorylation, Pin-ing p63-Itch 
stability. Cell Cycle 14, 469-470. 

5. Del Mare, S., and Aqeilan, R. I. (2015) Tumor Suppressor WWOX inhibits 
osteosarcoma metastasis by modulating RUNX2 function. Sci Rep 5, 12959. 

6. Hazan, I., Abu-Odeh, M., Hofmann, T. G., and Aqeilan, R. I. (2015) WWOX 
guards genome stability by activating ATM. Mol Cell Oncol 2, e1008288. 
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7. Hazan, I., and Aqeilan, R. I. (2015) Current questions and controversies in 
chromosome fragile site research: does WWOX, the gene product of common 
fragile site FRA16D, have a passive or active role in cancer? Cell Death Discov 
1, 15040. 

8. Salah, Z., Arafeh, R., Maximov, V., Galasso, M., Khawaled, S., Abou-Sharieha, 
S., Volinia, S., Jones, K. B., Croce, C. M., and Aqeilan, R. I. (2015) miR-27a 
and miR-27a* contribute to metastatic properties of osteosarcoma cells. 
Oncotarget 6, 4920-4935. 

9. Abu-Odeh, M., Hereema, N. A., and Aqeilan, R. I. (2016) WWOX modulates 
the ATR-mediated DNA damage checkpoint response. Oncotarget 7, 4344-
4355. 

10. Del Mare, S., Husanie, H., Iancu, O., Abu-Odeh, M., Evangelou, K., Lovat, F., 
Volinia, S., Gordon, J., Amir, G., Stein, J., Stein, G. S., Croce, C. M., Gorgoulis, 
V., Lian, J. B., and Aqeilan, R. I. (2016) WWOX and p53 Dysregulation 
Synergize to Drive the Development of Osteosarcoma. Cancer Res 76, 6107-
6117. 

11. Gaudio, E., Paduano, F., Ngankeu, A., Ortuso, F., Lovat, F., Pinton, S., 
D'Agostino, S., Zanesi, N., Aqeilan, R. I., Campiglia, P., Novellino, E., Alcaro, 
S., Croce, C. M., and Trapasso, F. (2016) A Fhit-mimetic peptide suppresses 
annexin A4-mediated chemoresistance to paclitaxel in lung cancer cells. 
Oncotarget 7, 29927-29936. 

12. Hazan, I., Hofmann, T. G., and Aqeilan, R. I. (2016) Tumor Suppressor Genes 
within Common Fragile Sites Are Active Players in the DNA Damage 
Response. PLoS Genet 12, e1006436. 

13. Maximov, V. V., and Aqeilan, R. I. (2016) Genetic factors conferring metastasis 
in osteosarcoma. Future Oncol 12, 1623-1644. 

14. Pichiorri, F., Suh, S. S., Rocci, A., De Luca, L., Taccioli, C., Santhanam, R., 
Zhou, W., Benson, D. M., Jr., Hofmainster, C., Alder, H., Garofalo, M., Di Leva, 
G., Volinia, S., Lin, H. J., Perrotti, D., Kuehl, M., Aqeilan, R. I., Palumbo, A., 
and Croce, C. M. (2016) Downregulation of p53-inducible microRNAs 192, 194, 
and 215 Impairs the p53/MDM2 Autoregulatory Loop in Multiple Myeloma 
Development. Cancer Cell 30, 349-351. 

15. Gaudio, E., Paduano, F., Pinton, S., D'Agostino, S., Rocca, R., Costa, G., 
Ngankeu, A., Aqeilan, R. I., Croce, C. M., Bertoni, F., Alcaro, S., and Trapasso, 
F. (2017) TCL1A interacts with TP63 and enhances the survival of Raji Burkitt 
lymphoma cell line. Br J Haematol. 

16. Khawaled, S., and Aqeilan, R. I. (2017) RUNX1, a new regulator of EMT in 
breast cancer. Oncotarget 8, 17407-17408. 

17. Trapasso, F., Pichiorri, F., Gaspari, M., Palumbo, T., Aqeilan, R. I., Gaudio, E., 
Okumura, H., Iuliano, R., Di Leva, G., Fabbri, M., Birk, D. E., Raso, C., Green-
Church, K., Spagnoli, L. G., Venuta, S., Huebner, K., and Croce, C. M. (2017) 
Fhit interaction with ferredoxin reductase triggers generation of reactive oxygen 
species and apoptosis of cancer cells. J Biol Chem 292, 14279. 

18. Gershkovitz, M., Caspi, Y., Fainsod-Levi, T., Katz, B., Michaeli, J., Khawaled, 
S., Lev, S., Polyansky, L., Shaul, M. E., Sionov, R. V., Cohen-Daniel, L., 
Aqeilan, R. I., Shaul, Y., Mori, Y., Karni, R., Fridlender, Z. G., and Binshtok, A. 
M., Granot, Z. (2018) TRPM2 mediates neutrophil killing of disseminated tumor 
cells. Cancer Res 78(10):2680-2690. 
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19. Peretz, L., Besser, E., Hajbi, R., Casden, N., Ziv, D., Kronenberg, N., Gigi, L. 
B., Sweetat, S., Khawaled, S., Aqeilan, R., and Behar, O. (2018) Combined 
shRNA over CRISPR/cas9 as a methodology to detect off-target effects and a 
potential compensatory mechanism. Sci Rep 8(1):93. 

20. Abu-Remaileh M, Khalaileh A, Pikarsky E, Aqeilan RI. WWOX controls hepatic 
HIF1α to suppress hepatocyte proliferation and neoplasia. Cell Death Dis. 2018 
May 1;9(5):511. 

21. Ma L, Yang X, Wei R, Ye T, Zhou JK, Wen M, Men R, Li P, Dong B, Liu L, Fu X, 
Xu H, Aqeilan RI, Wei YQ, Yang L, Peng Y. MicroRNA-214 promotes hepatic 
stellate cell activation and liver fibrosis by suppressing Sufu expression. Cell 
Death Dis. 2018 Jun, 18;9(7):718. 

22. Gershkovitz M, Fainsod-Levi T, Khawaled S, Shaul ME, Sionov RV, Cohen-
Daniel L, Aqeilan RI, Shaul Y, Fridlender ZG, Granot Z. Microenvironmental 
Cues Determine Tumor Cell Susceptibility to Neutrophil Cytotoxicity. Cancer 
Res. 2018 Jul 2, 78(17):5050-5059. 

23. Abdeen SK, Ben-David U, Shweiki A, Maly B, Aqeilan RI. Somatic loss of 
WWOX is associated with TP53 perturbation in basal-like breast cancer. Cell 
Death Dis. 2018 Aug 6;9(8):832. 

24. Tanna M, Aqeilan RI. Modeling WWOX Loss of Function in vivo: What Have We 
Learned? Front Oncol. 2018 Oct 10;8:420. 

 

Awards 
Dr. Aqeilan is the recipient of the 2017 Youdim Prize for Excellence in Cancer 
Research. 

 

MSc and PhD students that graduated: 

PhD:  

Dr. Sara Del Mare 

Dr. Mohammad Abu-Odeh 

Dr. Suhaib Abdeen 

Dr. Muhannad Abu-Remaileh  
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MYELOID DERIVED SUPPRESSOR  
CELLS AS INTRUDERS AND TARGETS:  
CLINICAL IMPLICATIONS  
IN CANCER THERAPY 

 
Michal Baniyash 

 
 
 
 

Lay language summary 

  
In pathologies characterized by chronic inflammation such as cancer, inflammatory 
bowel disease (IBD), rheumatoid arthritis and diabetes, an imbalanced immune 
system is evident as reflected by the appearance of abnormal populations of immune 
cells, which suppress the patients’ immune functions. During chronic inflammation 
there is an accumulation of unique immune cells, termed myeloid suppressor cells 
(MDSCs), which are highly suppressive cells. MDSCs migrate from the bone marrow 
to the periphery and site of inflammation, where they impair the functions of a variety 
of immune cells and thus, are major obstacles in the success of a variety of therapies 
especially those depending on a functional immune system as those that are 
currently used in various types of cancers. Moreover, MDSCs have the ability to 
support tumor growth and metastases. When reaching new environments, which 
exhibit a different array of inflammatory factors, MDSCs sense and adapt to the 
altered micro-environment by virtue of acquiring different features that involve 
changing their cell fate, surface receptors, metabolism and intracellular as well as 
secreted molecules. For example, we recently discovered that MDSCs, which are 
generated in the bone marrow, can change their features under inflammatory 
conditions when are in touch with the bone and become osteoclasts (bone destroying 
cells) thus, inducing bone loss. Indeed, bone loss is evident in many chronic 
inflammatory diseases such as cancer, rheumatoid arthritis, IBD and diabetes. 
Moreover, we also show that during chronic inflammation of the gut in IBD cases, 
MDSCs migrate from the periphery to the damaged intestine, interact with the 
modified bacteria and perpetuate the disease towards the development of colorectal 
cancer. Based on the plasticity and biological diversity of MDSCs, they have a dual 
use: 1) As biomarkers for the evaluation of the hosts’ immune status; while low 
levels of MDSC indicate a functional immune system, elevated MDSC levels, point at 
an immunosuppressed system. MDSC as biomarkers could be used as well for the 
prediction of success rates of immune based therapies; if the patients’ immune 
system is functional, immune based therapies are expected to succeed, and 2) As 
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targets for treatments aimed at combating them or manipulating their suppressive 
activity towards achieving a recuperation of a functional immune system and thus,  
improving therapy success rates in various pathologies characterized by chronic 
inflammation. We have already developed an optimized system to monitor the hosts’ 
immune status and currently we are in the process of discovering additional new 
biomarkers for MDSC detection and novel MDSC specific molecules that could serve 
as targets for treatment. 

 

Publications (2015 – 2018) 

1. Ish-Shalom, E., Meirow, Y., Sade-Feldman, M., Kanterman, J., Wang, L., 
Mizrahi, O., Klieger, Y., and Baniyash, M. (2016) Impaired SNX9 Expression in 
Immune Cells during Chronic Inflammation: Prognostic and Diagnostic 
Implications. J Immunol. 196:156-67. 

2. Tarcic, O., Pateras, IS., Cooks, T., Shema, E., Kanterman, J., Ashkenazi, H., 
Boocholez, H., Hubert, A., Rotkopf, R., Baniyash, M., Pikarsky, E., Gorgoulis, 
VG., Oren, M. (2016) RNF20 Links Histone H2B Ubiquitylation with Inflammation 
and Inflammation-Associated Cancer. Cell Rep. 14:1462-76. 

3. Sade-Feldman, M., Kanterman, J., Keliger, Y., Ish-Shalom, E., Mizrahi, O., 
Saragovi, A., Shtainberg, H., Lotem, M., and Baniyash, M. (2016) Clinical 
significance of circulating CD33+CD11b+HLA-DR- myeloid cells in Stage-IV 
melanoma patients treated with ipilimumab. Clin Cancer Res, 65:857-67. 

4. Meirow, Y., Vaknin, I. and Baniyash M.  (2011-2016) Inflammatory response and 
immunity. Encyclopedia of Cancer. Editors: Manfred Schwab, Springer 
publication. 

5. Baniyash, M. (2016) Myeloid derived suppressor cells as intruders and targets: 
Clinical implications in cancer therapy. Invited review. Cancer Immunol 
Immunother, 65:857-67. 

6. Mizrahi O., Ish Shalom E., Baniyash M., Klieger Y . (2017) Quantitative flow 
cytometry: Concerns and recommendations in clinic and research. Cytometry B 
Clin Cytom. Feb 11. doi: 10.1002/cyto.b.21515. [Epub ahead of print]. 

7. Meirow Y, Baniyash M. (2017) Immune biomarkers for chronic inflammation 
related complications in non-cancerous and cancerous diseases. Cancer 
Immunol Immunother. 66:1089-1101. 

8. Jacquelot N, Roberti MP, Enot DP, Rusakiewicz S, Ternès N, Jegou S, Woods 
DM, Sodré AL, Hansen M, Meirow Y, Sade-Feldman M, Burra A, Kwek SS, 
Flament C, Messaoudene M, Duong CPM, Chen L, Kwon BS, Anderson AC, 
Kuchroo VK, Weide B, Aubin F, Borg C, Dalle S, Beatrix O, Ayyoub M, Balme B, 



 
 8 

Tomasic G, Di Giacomo AM, Maio M, Schadendorf D, Melero I, Dréno B, 
Khammari A, Dummer R, Levesque M, Koguchi Y, Fong L, Lotem M, Baniyash 
M, Schmidt H, Svane IM, Kroemer G, Marabelle A, Michiels S, Cavalcanti A, 
Smyth MJ, Weber JS, Eggermont AM, Zitvogel L. (2017) Predictors of responses 
to immune checkpoint blockade in advanced melanoma. Nat Commun. 8:592-
605. 

9. Ben-Meir K, Twaik N, Baniyash M. (2018) Plasticity and biological diversity of 
myeloid derived suppressor cells. Curr Opin Immunol. 51:154-161. 
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NEW THERAPEUTICS TO  
COMBAT ACUTE MYELOID LEUKEMIA 

 

Yinon Ben-Neriah 

 

 

 

Lay language summary 

Acute myeloid leukemia is one of the most aggressive types of cancer and unlike for 
many other cancer diseases, there have been no encouraging news to leukemia 
patients over the past 40 years. Only this year some new therapies have emerged, 
yet mainly in combination with chemotherapy developed 50-60 years ago and with no 
cure offer. Following an intensive research and development effort our research team 
succeeded in developing a biological drug, which was found to cure up to 50% of 
model mice of poor risk human leukemia and eradicate human leukemia transplanted 
to model mice.  

Leukemia cells produce proteins which are barely made in normal blood cells, 
working in concert to provide the leukemic cell growth advantage and death 
protection even upon chemotherapy. Biological cancer drugs developed so far, 
mostly attack a single leukemic protein and the leukemic cells quickly find a way to 
avoid the drug effect through alternative proteins. Unlike most modern cancer drugs, 
our newly developed drug works like a cluster bomb that attacks simultaneously 
many leukemic proteins and thus makes it difficult for the leukemia to evade the 
therapy. Another important advantage of the new drug is its capacity to eradicate 
leukemia stem cells, which is a big challenge in cancer therapy and one of the main 
reasons for failing to cure cancer.  A US-based company, BioTheryX, bought from 
the Hebrew University the rights to the drug and is working now with our research 
team to apply for FDA approval for phase I clinical studies in the US.  
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Publications (2015 – 2018) 

1. Type I Interferons Control Proliferation and Function of the Intestinal Epithelium. 
Katlinskaya YV, Katlinski KV, Lasri A, Li N, Beiting DP, Durham AC, Yang T, 
Pikarsky E, Lengner CJ, Johnson FB, Ben-Neriah Y, Fuchs SY. Mol Cell Biol. 
2016 Jan 25;36(7):1124-35. doi: 10.1128/MCB.00988-15. PMID: 26811327 

2. One more wheel for a processing machine. Ben-Neriah Y. Cell Death Differ. 
2015 Aug;22(8):1235-6. doi: 10.1038/cdd.2015.71.  

3. A Systematic Approach to Defining the microRNA Landscape in Metastasis. 
Mudduluru G, Abba M, Batliner J, Patil N, Scharp M, Lunavat TR, Leupold JH, 
Oleksiuk O, Juraeva D, Thiele W, Rothley M, Benner A, Ben-Neriah Y, Sleeman 
J, Allgayer H. Cancer Res. 2015 Aug 1;75(15):3010-9. doi: 10.1158/0008-
5472.CAN-15-0997. Epub 2015 Jun 11. 

4. Senescence-associated inflammatory responses: aging and cancer 
perspectives. Lasry A, Ben-Neriah Y. Trends Immunol. 2015, 36: 217–228  

5. Finkin S, Yuan D, Stein U, Taniguchi K, Weber A, Unger K, Browning JL, 
Goossens N, Nakagawa S, Gunasekaran G, Schwartz ME, Kobayashi M, 
Kumada H, Berger M, Pappo O, Rajewsky K, Hoshida Y, Karin M, 
*Heikenwalder M, *Ben-Neriah Y and *Pikarsky E, (*corresponding authors). 
Ectopic lymphoid structures as microniches for tumor progenitor cells in 
hepatocellular carcinoma, Nature Immunology, 2015, 16:1235-44 

6. Lasry A, Zinger A and Ben-Neriah Y, Inflammatory networks underlying colon 
cancer. Nature Immunology, 2016, 17:230-40 

7. Aran D, Lasry A, Zinger A, Biton M, Pikarsky E, Hellman A, Butte AJ and Ben-
Neriah Y. Widespread parainflammation in human cancer. Genome Biol, 2016, 
2016 Jul 8;17(1):145. doi: 10.1186/s13059-016-0995-z. (highlighted in “The 
Scientist” magazine) 

8. Drayman N, Ben-Nun-Shaul O, Butin-Israeli V, Srivastava R, Rubinstein AM, 
Mock CS, Elyada E, Ben-Neriah Y, Lahav G, Oppenheim A. p53 elevation in 
human cells halt SV40 infection by inhibiting T-ag expression. Oncotarget. 2016 
Jul 21. doi: 10.18632/oncotarget.10769. 

9. Lasry A, Aran D, Butte A, Ben-Neriah Y. Cancer Cell–Autonomous 
Parainflammation Mimics Immune Cell Infiltration. Cancer Res, OnlineFirst June 
30, 2017; DOI: 10.1158/0008-5472.CAN-16-3383 

10. Morgenstern M, Das Adhikari U, Ayyash M, Elyada E, Tóth B, Moor A, Itzkovitz 
S, Ben-Neriah Y. Casein kinase 1-epsilon or 1-delta required for Wnt-mediated 
intestinal stem cell maintenance EMBO J, 2017, Oct 16;36(20):3046-3061. doi: 
10.15252/embj.201696253. 
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11. Chang CH, Kuo CJ, Ito T, Su YY, Jiang ST, Chiu MH, Lin YH, Nist A, 
Mernberger M, Stiewe T, Ito S, Wakamatsu K, Hsueh YA, Shieh SY, Snir-Alkalay 
I, Ben-Neriah Y. CK1α ablation in keratinocytes induces p53-dependent, 
sunburn-protective skin hyperpigmentation. Proc Natl Acad Sci U S A. 2017 
Sep 6. pii: 201702763. doi: 10.1073/pnas.1702763114. 

12. Minzel W, Venkatachalam A, Fink A, Hung E, Brachya G, Burstain I, Shaham M,, 
Rivlin A, Omer I, Zinger A, Elias S, Winter E, Erdman PE, Sullivan RS, Fung L, 
Mercurio  F, Li D, Vacca J, Kaushansky N, Shlush L, Oren M, Levine L, Pikarsky 
E, Snir-Alkalay I, and Ben-Neriah Y. Small molecules co-targeting CKIα and the 
transcriptional kinases CDK7/9 control acute myeloid leukemia in preclinical 
models.  Cell. 2018 Sep 20;175(1):171-185.e25. doi: 10.1016/j.cell.2018.07.045. 

 

 

 

MSc and PhD students that graduated: 

PhD 

Yael Morgenstern 

Nir Drayman 

Ido burstain 

Upasana Das Adhikari 

Audrey Lasry 

MSc 

Nophar Amsalem (Cum Laude) 
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MAINTAINING THE IMMUNE  
SYSTEM AT CHECK 

 
 
Michael Berger 
 

 

 

 

Lay language summary 

The immune system major role is to defend the human body while maintaining 
tolerance to self and preventing autoimmunity and immunopathology. A major goal in 
immunology is to understand how the immune system is positively and negatively 
regulated so to be able exploiting it for therapeutic purposes. 

My research group is interested in understanding what are the processes and factors 
that control immune response. Specifically we are focusing on three topics: 1) 
Elucidating key molecular processes maintaining resting state (quiescence) of 
immune cells. We unraveled a previously unknown functional connection between 
the T cell quiescence factor, Slfn2, and ER homeostasis. In a follow up study we 
could demonstrate that chronic ER stress in T cells with a loss-of-function mutation of 
the T cell quiescence factor, Slfn2, leads to disrupted cholesterol and lipid 
homeostasis due to increased de novo synthesis and higher levels of the enzyme 
HMGCR. 2) Exploiting our findings to treat blood cancer. We demonstrated that 
targeting Slfn2 leads to impaired survival of leukemia initiating cells, suggesting that 
targeting lymphocytes quiescence could serve as a novel approach for treating 
leukemia and other type of cancer. 3) Understanding of the bottlenecks and 
boundaries of T cell hypoxia tolerance. We demonstrated that mitochondrial 
respiratory-based ATP is not required for T cell activation. In addition, we dissected 
the energetics of the mitochondrial matrix as a distinct compartment from the 
cytoplasm. Finally, we pointed to mitochondrial substrate-based phosphorylation as 
the central limiting mechanism for hypoxia tolerance in T cells.  
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Publications (2016 – 2018) 

1. Schlafen2 mutation in mice causes an osteopetrotic phenotype due to a 
decrease in the number of osteoclast progenitors. Omar I, Guterman-Ram G, 
Rahat D, Tabach Y, Berger M, Levaot N. Sci Rep. 2018 Aug 29;8(1):13005. 

2. Germline DNA replication timing shapes mammalian genome composition. 
Yehuda Y, Blumenfeld B, Mayorek N, Makedonski K, Vardi O, Cohen-Daniel L, 
Mansour Y, Baror-Sebban S, Masika H, Farago M, Berger M, Carmi S, Buganim 
Y, Koren A, Simon I. Nucleic Acids Res. 2018 Sep 19;46(16):8299-8310. 

3. Trained Memory of Human Uterine NK Cells Enhances Their Function in 
Subsequent Pregnancies. Gamliel M, Goldman-Wohl D, Isaacson B, Gur C, Stein 
N, Yamin R, Berger M, Grunewald M, Keshet E, Rais Y, Bornstein C, David E, 
Jelinski A, Eisenberg I, Greenfield C, Ben-David A, Imbar T, Gilad R, Haimov-
Kochman R, Mankuta D, Elami-Suzin M, Amit I, Hanna JH, Yagel S, Mandelboim 
O. Immunity. 2018 May 15;48(5):951-962. 

4. Post-transcriptional 3´-UTR cleavage of mRNA transcripts generates 
thousands of stable uncapped autonomous RNA fragments. Malka Y, 
Steiman-Shimony A, Rosenthal E, Argaman L, Cohen-Daniel L, Arbib E, Margalit 
H, Kaplan T, Berger M. Nat Commun. 2017 Dec 11;8(1):2029 

5. Slfn2 mutation-induced loss of T-cell quiescence leads to elevated de novo 
sterol synthesis. Omar I, Rom O, Aviram M, Cohen-Daniel L, Gebre AK, Parks 
JS, Berger M. Immunology. 2017 Nov;152(3):484-493. 

6. HCFC2 is needed for IRF1- and IRF2-dependent Tlr3 transcription and for 
survival during viral infections. Sun L, Jiang Z, Acosta-Rodriguez VA, Berger M, 
Du X, Choi JH, Wang J, Wang KW, Kilaru GK, Mohawk JA, Quan J, Scott L, 
Hildebrand S, Li X, Tang M, Zhan X, Murray AR, La Vine D, Moresco EMY, 
Takahashi JS, Beutler B. J Exp Med. 2017 Nov 6;214(11):3263-3277. 

7. Generalized verrucosis and abnormal T cell activation due to homozygous 
TAOK2 mutation. Molho-Pessach V, Ramot Y, Mogilevsky M, Cohen-Daniel L, 
Eisenstein EM, Abu-Libdeh A, Siam I, Berger M, Karni R, Zlotogorski A. J 
Dermatol Sci. 2017 Aug;87(2):123-129. 

8. A novel spontaneous mutation in the TAP2 gene unravels its role in 
macrophage survival. Lapenna A, Omar I, Berger M. Immunology. 2017 
Apr;150(4):432-443. 

9. Schlafen2 mutation unravels a role for chronic ER stress in the loss of T 
cell quiescence. Omar I, Lapenna A, Cohen-Daniel L, Tirosh B, Berger M. 
Oncotarget. 2016 Jun 28;7(26):39396-39407. 

10. Loss of T-cell quiescence by targeting Slfn2 prevents the development 
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and progression of T-ALL. Goldshtein A, Zerbib SM, Omar I, Cohen-Daniel L, 
Popkin D, Berger M. Oncotarget. 2016 Jul 26;7(30):46835-46847. 

11. Discovery and Structure-Activity Relationships of the Neoseptins: A 
New Class of Toll-like Receptor-4 (TLR4) Agonists. Morin MD, Wang Y, 
Jones BT, Su L, Surakattula MM, Berger M, Huang H, Beutler EK, Zhang H, 
Beutler B, Boger DL. J Med Chem. 2016 May 26;59(10):4812-30. 

12. TLR4/MD-2 activation by a synthetic agonist with no similarity to LPS. 
Wang Y, Su L, Morin MD, Jones BT, Whitby LR, Surakattula MM, Huang H, Shi H, 
Choi JH, Wang KW, Moresco EM, Berger M, Zhan X, Zhang H, Boger DL, Beutler 
B. Proc Natl Acad Sci U S A. 2016 Feb 16;113(7):E884-93. 

 

 

 
 
 

PhD student that graduated: 

Ibrahim Omar 

 

Awards 

Michael Berger: 

1. The Prof. Yaakov Matzner faculty Award for Outstanding Researcher for 
2018. 

2. Excellence in Teaching, Faculty of Medicine, The Hebrew University of 
Jerusalem, Israel 2016-2017. 

 

Ibrahim Omar: 

1. The James Sivartsen Prize in Pediatric Cancer Research for 2017. 
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THE FUNCTION OF CELLULAR  
DEAMINASES IN VIRUS INHIBITION  
AND CANCER 

 

Moshe Kotler  

 
 
 
 

Lay Language Summary 

Modern virology is aimed primarily to reveal strategies to defeat lethal and non-lethal 
viral diseases mainly by three strategies: i. Search for new vaccines and 
improvement of existing vaccination procedures. ii. Development of antiviral drugs 
addressed directly against viral proteins, and iii. Enhancement of the innate 
immunity, by which hosts protect themselves against viruses. Secondly, modern 
virology is aimed to elucidate cellular factors essential for virus propagation, or 
alternatively for virus restriction. Developing of virus based vectors for gene therapy 
becomes an important challenge.  

Our laboratory is studying cellular deaminases, which impede the production of 
infectious HIV-1 particles, restrict retrotransposition and prevent acquisition of foreign 
genetic material.  Members of this group of cellular deaminases play important roles 
in antibodies production and in tumor genesis. 

 

Selected Publications (2015-2018) 

2. Ponnandy, P., Shandilya, S., Britan-Rosich, E., Nagler,A., Schiffer, C.A. and 
Kotler,  M. Inhibition of APOBEC3G Activity Impedes Double-Strand DNA Repair. 
FEBS J. 2016: 112-29. doi: 10.1111/febs.13556.  

3. Fanous, J., Swed A., Joubran, S., Hurevich, M.,  Britan-Rosich, E., Kotler, M., 
Gilon, C.  and  Hoffman, A.  Superiority of the S,S conformation in Diverse 
Pharmacological  Processes:  Intestinal Transport and Entry Inhibition Activity of 
Novel Anti-HIV Drug Lead. International Journal of Pharmaceutics, 495: 660–663 
(2015). 

4. Galilee, M., Britan-Rosich, M., Griner, S.L., Uysal, S., Baumgärtel, V.,  Lamb, 
D.C., Kossiakoff, A.A., Kotler, M., Stroud, R.M., Marx, A. and Alian, A. The 
preserved HTH-docking cleft of HIV-1 integrase is functionally critical. 
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STRUCTURE journal.  In Press (2016).  (STRUCTURE-D-16-00178R). 

5. Nassar, Taher; Rohald, Ayala ; Naraykin, Natalya; Barasch, Dinora; 
amsalem, orit; Prabhu, Ponnandy; Kotler, Moshe; Benita, Simone. 
Nanocapsules embedded in microparticles for enhanced oral bioavailability 
and efficacy of Lopinavir as an anti-AIDS drug".  Submitted  (2018). 

 

 

MSc and PhD students that graduated: 

MSc 

Adi Nagler (Cum Laude) 
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NOVEL   THERAPY TO COMBAT  
INFLAMMATION, AUTOIMMUNITY  
AND ALZHEIMER’S DISEASE 

 

David Naor 

 

 

 

Lay language summary 

Could one drug effectively treat incurable inflammatory diseases such as Crohn’s 
disease, ulcerative colitis, rheumatoid arthritis and multiple sclerosis as well as 
neurodegenerative maladies such as Alzheimer’s disease? The answer is yes,  but 
only when all diseases share similar pathological  proteins ,which can be recognized 
and targeted by this drug. Indeed, all these diseases are associated with pathological 
amyloid proteins (for example, serum amyloid A and Amyloid β) that could be 
neutralized by the 5-mer peptide (called also pentamer).The pentamer is a synthetic 
protein snippet that significantly reverses the damaging effects in animal models of 
inflammatory diseases and Alzheimer’s disease, where it restores the learning 
potential. Once you control the inflammation, you can control the disease, so our 
target is to reduce as much as possible the inflammatory activity, including in 
autoimmune diseases. 

Rheumatoid arthritis. We began by studying the pentamer effectiveness in 
rheumatoid arthritis, which affects about one percent of the world population. 
Currently, about $30 billion worth of biologic drugs (mostly anti-TNF) are sold each 
year that effectively control, but cannot cure, rheumatoid arthritis and other 
inflammatory diseases. Furthermore, these drugs don’t work in one-third of 
rheumatoid arthritis patients. Our experiments showed clear results. When mice with 
collagen-induced arthritis were treated with the pentamer, the severely inflamed 
tissues in their joints reverted to nearly normal. No harmful side effects were 
observed. 

Inflammatory Bowel Diseases (Crohn’s disease and Ulcerative Colitis). 
Spherium Biomed our collaborators from Barcelona,Spain, assess the pentamer  5-
mer peptide in mouse models of inflammatory bowel diseases (IBD), which shares 
the pathological serum amyloid A with rheumatoid arthritis. They showed it can 
reduce the gut inflammation in IBD better than the currently prescribed biological 
medication (for example anti-TNF), which is effective only in half of IBD patients. 



 
 18 

Multiple sclerosis.  Once the rheumatoid arthritis experiment was repeated 
successfully in rheumatoid arthritis and IBD, we looked at a different chronic 
inflammatory disease – multiple sclerosis. In multiple sclerosis the inflammation is not 
in the joints or the gut, but in the brain, yet share with rheumatoid arthritis and IBD 
the same pathological amyloid protein-serum amyloid A. Multiple sclerosis (MS) is 
the most widespread disabling neurological condition of young adults around the 
world, usually striking between the ages of 20 and 50. There is no cure, but several 
drugs reduce the frequency of relapses. Five days after MS-like disease was induced 
in mice, 5-mer peptide injections caused a significant decrease in accumulation of 
inflammatory cells in the central nervous system and significant reduction in limb 
paralysis. The effects were weaker when the disease was more progressed, but 
theoretically the peptide could be introduced during a remission phase of MS. 
Recently, in collaboration with Prof. Haim Ovadia from Hadassah University Medical 
Center we achieved another progress by delivering 5-mer peptide (or pentamer) via 
mouth rather than by injections, with the same therapeutic effect. That means that we 
may be able to produce pills for oral delivery rather than to provide the drug by 
injection. 

Alzheimer’s disease.  After a quarter-century of failed efforts to develop a cure for 
Alzheimer’s disease, investment money is dwindling. Yet the number of cases is 
climbing rapidly along with related costs. About one in nine Americans over 65 has 
this fatal degenerative neurological disorder affecting 44 million people worldwide. In 
collaboration with Prof. Hanna Rosenmann from Hadassah, our lab studied the effect 
of 5- mer peptide (pentamer) in mice with induced Alzheimer’s disease. Cognitively 
normal mice placed inside a watery maze learned quickly how to swim to a safe 
platform and were able to find it faster with every subsequent attempt. But the 
Alzheimer’s mice took longer finding the platform every time, due to memory/learning 
difficulties. After treatment with 5-mer peptide, the Alzheimer’s mice regained their 
ability to learn the location of the platform as quickly as cognitively normal mice. The 
5-mer peptide appears to prevent the accumulation of amyloid–beta in the brain. 
Amyloid–beta clumps are believed to attract harmful inflammatory cells from the 
immune system, thus enhancing Alzheimer’s disease. 

The mechanism of action of the 5-mer peptide was proven on various harmful 
amyloid proteins, using sophisticated imaging tools in the lab of Prof. Mary Cowman, 
our collaborator from New York University. In general terms, we can inject 5-mer 
peptide even after the disease has started, and it will work. We don’t yet know if there 
is a point of no return when it would no longer work. Because the peptide was 
derived from human material, it makes sense that it is going to work in humans at 
least as well as in mice, but the final answer if this statement is correct or incorrect, 
depends on clinical trials.  
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Publications (2015-2018) 

1. Gesundheit B, Ashwood P, Keating A, Naor D, Melamed M, Rosenzweig J 
Therapeutic properties of mesenchymal stem cells for autism spectrum 
disorders.  Med Hypotheses. 2015 Mar;84(3):169-77.  

1. 2. Nathalie Assayag-Asherie, Dror Sever, Marika Bogdani, Pamela Johnson, 
Talya Weiss, Ariel Ginzberg, Sharon Perles, Lola Weiss, Lora Eshkar Sebban, 
Eva A. Turley, Elimelech Okon, Itamar Raz, and David Naor. Can CD44   be a 
mediator of cell destruction?  The challenge of type 1 diabetes. PLoS One. 2015; 
10(12): e0143589  

2. David Naor .Editorial: Interaction between hyaluronic acid and its receptors 
(CD44,RHAMM) regulates the activity of inflammation and cancer .  Front. 
Immunol. 7:39.doi: 10.3389/fimmu.2016.00039 

3. Barzilay R, Ventorp F, Segal-Gavish H, Aharony I, Bieber A, Dar S, Vescan M, 
Globus R, Weizman A, Naor D, Lipton J, Janelidze S, Brundin L, Offen D.CD44 
Deficiency Is Associated with Increased Susceptibility to Stress-Induced Anxiety-
like Behavior in Mice. J Mol Neurosci. 60(4):548-558. 2016 

4. Pinner E, Gruper Y, Ben Zimra M, Kristt D, Laudon M, Naor D, Zisapel N CD44 
Splice Variants as Potential Players in Alzheimer's Disease Pathology. J 
Alzheimers Dis. 58(4):1137-1149. 2017 

5. Katia B, Naor D, Voevoda V, Ostrovsky O, Bitner H, Rosenberg E, Varda-Bloom 
N, Canaani J, Danilesko I, Shimoni A, and Nagler A., Dissecting the mechanisms 
involved in anti-human T-lymphocyteimmunoglobulin (ATG)-induced tolerance in 
the setting of allogeneic stem cell transplantation - potential implications for Graft 
versus Host Disease. Oncotarget, 8(53):90748-90765, 2017 
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SINGLE CELL ANALYSIS TO  
FOR UNDERSTANDING 
TUMOR MICROENVIRONMENT  
AND IMMUNE CELL FUNCTION 

 

Oren Parnas 

 

 

Lay language summary 

Our mission, is to explore how non-malignant cells in the tumor microenvironment 
contribute to tumor development and find new ways to reprogram immune cells to 
fight cancer. 

The tumor microenvironment evolves to include diverse cell types that adopt a variety 
of fates, which can dramatically influence disease progression. This heterogeneity 
raise an urgent need in defining the precise cellular composition in order to 
understand the roles of such different components in tumor disease and progression. 
We study the compositional evolution of pancreatic adenocarcinoma (PDAC), among 
the deadliest tumor types, for which there are no current effective therapies. The 
disease can initiate from duct or acinar pancreatic cells, most often through Kras 
activation, and progresses to malignancy through premalignant lesions of several 
types, including pancreatic intraepithelial neoplasias (PanINs).  

In the last year, we focused on exploring the early events that give raise to cellular 
environment that support PDAC. We have used advance single cell RNA-seq 
technologies and computational tools to profile premalignant lesions taking in several 
time points after the induction of Kras activation. We are also using samples from 
patients to verify the main results found based on our models.  

We are currently using this data to investigate: (i) Which cells infiltrate PanINs, (ii) 
Which genes differentially expressed between cells that infiltrate PanINs and cells in 
control samples, (iii) How neoplasia form following Kras activation, (iv) How different 
cell types interact to form immunosuppressive environment. 

We have profile the different stages of acinar cell transformation and found potential 
new regulators of this process. In addition, we characterize the different 
subpopulations of cells that give raise to premalignant lesions including 
subpopulations of immune cells, endothelial cells and fibroblast.  
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Our team that includes, computational and experimental biologists, basic scientists 
and clinicians, will shed light on the fundamental processes that leads to PDAC and 
therefore will point on new targets for treatments.  

In parallel effort, we are exploring the response of immune cells to suppressive 
signals that dominate the tumor microenvironment and cause immune cells 
dysfunction. We hypothesis that targeting the cellular factors that transfer the 
suppressive signals, can block the effect of the suppressive signals and reverse the 
dysfunctional phenotype of immune cells. 

In the last year we expend the systematic search for genes that play a role in 
immune response to suppressive signals and include additional immune cell types 
and additional suppressive signals (cytokines and cancer cells).  

The new panel of genes that will be found in these screens, can be targeted using 
drugs or can be manipulate in immune cells ex-vivo before injecting back to the 
patients. This strategy will result in prolong immune response to tumors and 
potentially new therapies.  

 

Grants and awards since 2016 

Alon Fellowship  

ERC starting grant 

ISF- Personal grant  

ISF- Equipment grant  

Braod-ISF  

Israel Cancer Association  
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CHARACTERIZING INFLAMMATORY  
LINKS IN LIVER CANCER 

 

Eli Pikarsky 

 

 

 

 

Lay language summary 

The past few years yielded an explosion of exciting clinical trials showing 
remarkable benefit of immune treatments in cancer patients. The link between 
inflammation and cancer is now established, yet the underlying molecular 
mechanisms are unresolved. As tumors progress, they modulate the 
inflammatory cells towards a protumorigenic immunosuppressive phenotype. 
We have shown that the inflammatory cells reciprocate by sculpting the 
parenchymal epithelial cells. We hypothesize that these reciprocal interactions 
lie at the heart of the link between inflammation and cancer. Liver cancer is 
the second leading cause of cancer death worldwide and is a prototype of 
inflammation induced cancer. 

We employ several strategies to analyze the changes that occur in 
inflammatory cells before and after liver tumor emergence, based on our 
preliminary findings showing that changes in inflammatory cells precede 
tumorigenesis. We are comprehensively mapping the changing inflammatory 
microenvironment in mouse models of inflammation induced Hepatocellular 
carcinoma (HCC) – the most common form of primary liver cancer. Using 
genetic manipulation strategies, coupled to cell isolation techniques we are 
delineating the molecular cues that mediate these changes and are analyzing 
the functional role of key mediators of these processes in the malignant 
process. Specifically we noted that: 1. T cell exhaustion often occurs in 
conglomerates of immune cells termed ELSs. This T cell exhaustion 
phenotype generates protumorigenic ELSs. Reverting T cell exhaustion with 
immune-oncology drugs can generate anti tumorigenic ELSs. 2. We identified 
a specific molecule, that is secreted by hepatocytes to invoke the formation of 
ELSs in the liver. 3. We have dissected the composition of hepatic ELSs that 
are associated with increased cancer risk and are delineating the role of 
several specific cell types in mediating pro and anti tumor effects of the 
immune system in the liver.  
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Publications (2015 – 2018) 
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inflammation induces a novel epigenetic program that is conserved in intestinal 
adenomas and in colorectal cancer. Cancer Res., 75:2120-30 (2015).  
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6. Finkin S, Yuan D, Stein I, Taniguchi K, Weber A, Unger K, Browning JL, 
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Nature Immunology, 16:1235-44 (2015).  

7. Horwitz E, Stein I, Ben-Neriah Y & Pikarsky E. Animal model studies indicate a 
candidate biomarker for sorafenib treatment of hepatocellular carcinoma. 
Molecular & Cellular Oncology 2:1, e968028 (2015).   

8. Hefetz-Sela S, Stein I & Pikarsky E. Restoring inflammatory balance as a 
potential preventive strategy for inflammation induced cancer. 
Oncoimmunology, 4:e1039764 (2015).   

9. Holt SH, Darash-Yahana M, Sohn YS, Song L, Karmi O, Tamir S, Michaeli D, 
Luo Y, Paddock ML, Jennings PA, Onuchic JN, Azad RK, Pikarsky E, 
Cabantchik IZ, Nechushtai R & Mittler R. Activation of apoptosis in NAF-1-
deficient human epithelial breast cancer cells, J Cell Sci. 129:155-65 (2016).  
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10. Tarcic O, Pateras IS, Cooks T, Shema E, Kanterman J, Ashkenazi H, 
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151:780-783. (2016) 
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Elgavish S, Zong X, Prasanth KV, Karni R .Long Noncoding RNA MALAT1 
Promotes Hepatocellular Carcinoma Development by SRSF1 Upregulation and 
mTOR Activation. Cancer Res. 77:1155-1167. (2017) 
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cancer. Cell Death Differ. 24:694-704. (2017) 
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 25 
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MODELS TO STUDY INFECTION  
WITH HUMAN VIRUSES 

 

Dana Wolf 

 

 

 

 

Lay language summary 

Dana Wolf is a physician scientist in clinical virology and infectious diseases. Her 
research has focused on the challenge of human cytomegalovirus (HCMV) infection 
and disease in pregnant women, congenitally-infected infants, and transplant 
recipients. In view of the need for prenatal prevention of the severe disabilities 
associated with congenital HCMV infection, she has developed a unique ex vivo 
model of HCMV infection in human placental tissues, uncovering for the first time the 
early events of viral transmission from the mother to the fetus and the protective 
innate immune responses, within the native human maternal-fetal interface. Her 
studies, more recently expanded to reveal the different placental damage pathways 
exploited by HCMV and Zika virus, pave the way to prenatal prediction and 
prevention of congenital HCMV disease, and further inform the approach to a 
growing range of viruses which can adversely impact fetal development.   

Together with Ofer Mandelboim (with whom she has had a long-term and highly 
productive collaboration) and Oren Parnas from the Lautenberg Center she is 
currently studying how the diverse immune cells in the human placenta respond to 
HCMV infection and how this critical first-line response protects the fetus from 
congenital infection.  To address the resistance and toxicities associated with the 
currently available anti-HCMV drugs, she pioneered the discovery of drug resistance 
mechanisms and the translation of these findings into genotypic diagnostic assays, 
now routinely employed for patient monitoring and treatment. In line with the growing 
need for new antiviral drugs with alternative modes of action, she has studied the 
roles of an essential viral kinase and virus-supportive cellular pathways as new 
antiviral drug targets. Her studies have recently led to the discovery of a novel 
artemisinin derivative as a potent inhibitor of HCMV, which is now under 
development for human clinical studies. 
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NYC. 

3. Amnon Berger- received MD/PhD degree – has studied viral infection in the 
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MICRORNAS AS DIAGNOSTIC  
AND THERAPEUTIC TOOLS  
IN LEUKEMIA  

 

Eitan Yefenof 

 

 

 

Lay language summary 

MicroRNAs(miRs) are a family of small, non-coding RNAs that regulate a wide array 
of biological processes. They have been implicated in several diseases by virtue of 
their ability to regulate gene expression. Evidence for miR involvement in Cancer has 
been first generated by the study of Leukemia, where specific miRs are deregulated 
due to chromosomal translocations and point mutations.  Depending on their target 
genes, miRs can function as pro-oncogenic (oncomirs) or as tumor suppressors. The 
discovery that certain oncomirs are clustered in multi-cistrons that are regulated by 
oncogenes, further illuminated their significance in cancer development and 
progression. It appears that miR expression profiling provides accurate signatures for 
different cancer types, which sometimes are superior to genomic profiling. It is 
expected that specific miRs would become useful biomarkers and drugs in the 
diagnosis and therapy of various cancers. We studied the role of miRs in the 
apoptotic response of leukemic cells to glucocorticoid (GC) hormones. Deep-
sequencing analysis revealed that miR103 is up-regulated in GC-sensitive but not 
resistant leukemias upon treatment with GC(Dexamethasone). Upon transfection, 
miR-103 confers GC apoptotic sensitivity to otherwise GC-resistant cell. miR103 
abrogates c-Myc expression and up-regulates Bim, a pro-apoptotic protein crucial for 
GC-induced death. miR103 mediated, c-Myc ablation is followed by down-regulation 
of the multi-cistron miR-17~92a (oncomir1), in particular miR18a and miR20a. 
miR18a targets GR for degradation  whereas miR20a  targets Bim degradation. 
Hence, miR103 acts, in concert with Bim and GR, as a "tumor suppressor" that leads 
to reduced proliferation, cell-cycle arrest and cell death. Our studies indicate that 
miR103 should be evaluated as a biomarker that predicts the response of leukemia 
patients to GC based therapy. It may also become a therapeutic tool that sensitizes 
resistant leukemic cells to GC-induced death.   
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NATURAL KILLER CELL INTERACTION  
WITH CANCER, FUNGI VIRUSES  
AND BACTERIA 

 

Ofer Mandelboim 

 

 
 

Lay language summary 

Natural Killer (NK) cells belong to the innate immunity system. They were initially 
described as cells able to kill cancer cells immediately without any prior activation. 

Today we know that NK cells can kill many enemies which include not only cancer 
cells but also viruses, fungi and bacteria and that NK cells also has a certain type of 
memory. In the last years we studied the activity of NK cells against all of these 
enemies. We discovered new mechanisms through which NK cells recognize and kill 
cancer cells, viruses, fungi and bacteria and based on these discoveries we 
developed new medicine against cancer. We established a new startup company 
named NectinTx which translate our findings in the cancer field into the clinic. I am 
happy to report that our first anti-cancer agent was recently licensed to Northern 
Biologics for $85,000,000. In addition, we discovered in the last years that NK cells 
which are present at very large numbers in the uterus during pregnancy remember 
the first pregnancy and react better in subsequent pregnancies to better support baby 
growth.  
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