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“Ta r ge t ing l eukemi a by C D1c - r est r i c ted T ce l l s  

spe c i f i c for a nove l l i p i d ant i gen ”

Background and Description of Invention. Acute leukemia comprises a heterogeneous group of

hematological disorders characterized by blood and bone marrow accumulation of immature and abnormal

cells derived from hematopoietic precursors. Current therapy for acute leukemia is based on poly-

chemotherapy and allogeneic Hematopoietic Stem Cell Transplantation (HSCT). A major cause of

treatment failure in HSCT is post-transplant re-growth of residual leukemia blasts that survive the

conditioning regimen. Donor-derived T cells transferred into patients may induce a beneficial Graft Versus

Leukemia (GVL) reaction capable of maintaining remission, but grafted T cells are also capable of killing

patient cells in non-hematopoietic tissues inducing detrimental Graft Versus Host Disease (GVHD).

To overcome this problem and improve the efficacy of the HSCT, herein, the inventors propose a new

immunotherapy strategy taking advantage of an immune recognition of specific tumor-associate lipid

antigens in order to selectively target T cell responses against malignant hematopoietic cells. More

specifically, the present invention is an immunotherapy-based platform based on TCR having antigenic

specificity for CD1c molecules associated with a self-lipid, named as methyl-lysophosphatidic acids

(mLPAs), for treating leukemia. CD1c is frequently expressed by AML and B-ALL. TCR is able to

recognize mLPA a specific antigen for selectively killing leukemia cells in CD1c restricted manner.

Patent information. The international patent application was published as WO2017/055635.

Patent applications pending in USA, Europe, Canada, Australia, Israele, China

Figure 1. Targeting leukemia by CD1c-restricted T cells specific for a novel lipid antigen. Representative scheme of

the immunotherapy-based platform: T cells from acute leukemia patients are expanded and transduced ex vivo with

the LV carrying mLPA-specific TCR genes, which redirects T cells against the leukemia target upon adoptive transfer

into the patients.
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Stage of Development. The immune system contains T cells that recognize lipid antigens presented by the

non-polymorphic, MHC class I-related family of CD1 molecules. CD1-restricted T cells can respond to

different foreign lipid antigens derived from pathological bacteria and can also recognize endogenous self-

lipid molecules. T cells that recognize self-lipids presented by CD1c are relatively abundant among

circulating T cells in healthy individuals and might become activated by host antigen in autoimmune

disease and cancer. Importantly, lipid-specific T cells can control cancer cell growth and kill transformed

hematopoietic cells, but little is known about their self-lipid antigen specificity and potential anti-leukemic

effects. In this respect, the inventors have identified the methyl-lysophosphatidic acids (mLPAs), a novel

self-lipid antigens that stimulates CD1c auto-reactive T cells to destroy tumor cell lines and primary

leukemia cells (Lepore M. et al., A novel self-lipid antigen targets human T cells against CD1c(+)

leukemias. J Exp Med. 2014; Lepore M. et al., Targeting leukemia by CD1c-restricted T cells specific for a

novel lipid antigen. Oncoimmunology 2014; Dellabona P. et al., Group 1 CD1-restricted T cells and the

pathophysiological implications of self-lipid antigen recognition. Tissue antigens 2015). The inventors

reported that blasts, derived from pediatric and adult patients affected by primary acute myeloid or B-cell

acute leukemia, express CD1c molecules and that mLPAs accumulate in leukemia cells, but are poorly

present in normal hematopoietic cells. mLPA-specific TCRs efficiently kill in vitro CD1c+ primary acute

leukemia blasts, poorly recognizing non-transformed CD1c-expressing cells.

Potential Applications and Competitive Advantages. The mLPA-specific TCRs may be used for

adoptive immunotherapy, for cell therapy, for the treatment of leukemia, for the prevention of leukemia

relapse following hematopoietic stem cell transplantation (HSCT) (at present no therapy is available) and

improvement of efficacy of HSCT.

Harnessing CD1c self-reactive T cell responses is an attractive option for adoptive immunotherapy of

leukemia especially in the context of HSCT for the following reasons:

• The restricted CD1c expression on hematopoietic cells minimizes the risk of Graft Versus Host Disease

(GVHD);

• The lack of CD1 polymorphisms permits to use allogeneic CD1 self-reactive T cell to treat any leukemia

patient;

• Since more than 50% of AML cases expresses CD1c molecules and are recognized by mLPA-specific

T cells, the frequency of patients that could benefit from this adoptive T cell immunotherapy would be

relevant;

• Different from MHC-restricted protein antigens, lipid antigens are unlikely to undergo structural changes

under the immune-mediated selective pressure, reducing the risk for leukemia immune escape.

We seek a potential commercial partner with a strong expertise in cancer adoptive immunotherapy 

to further explore the clinical use of lipid-specific T cells for the treatment of leukemia.

For further information on this project please contact:

S c i e n t i f i c C o n t a c t

Drs. Giulia Casorati & Paolo Dellabona

Experimental Immunology Unit

San Raffaele Hospital and Scientific Institute  

Tel: +39 02 2643 4727

Fax: + 39 02 2643 4786

E-mails: dellabona.paolo@hsr.it; casorati.giulia@hsr.it

B u s i n e s s C o n t a c t  

Dr. Daniela Bellomo

Head of Business Development of Research

San Raffaele Hospital

phone: +39 0226432729

E-mail: bellomo.daniela@hsr.it

mailto:casorati.giulia@hsr.it


Background and Description of Invention. Oxysterols are 27-carbon intermediates or end-products of

cholesterol metabolism, structurally characterized by the presence of oxygenated functions such as

hydroxy, keto, hydroperoxy, epoxy and carboxy moieties. They are produced in vivo through both

enzymatic- and non-enzymatic (auto-oxidation) processes. A broader definition for the class of oxysterols

is not limited to cholesterol oxidation products, but includes also steroidal oxygenated derivatives that

humans can assimilate by diet, either as primary constituents (plants and shellfish sterols) or as storage

and cooking-derived.

The past two decades have evidenced an exponential increase in the number of studies on the

physiological roles of mammalian oxysterols, as well as on their contribution to the pathogenesis of

different diseases. The major breakthrough was the identification of a specific subset of oxysterols as

endogenous ligands of Liver X Receptor α and β (LXRs). Thus, given the action of LXRs (α and β

isoforms) as whole-body cholesterol sensors and key regulators of lipogenesis, oxysterols have the

potential to assume a key role in the modulation of lipid metabolism and glucose homeostasis.

LXRs and their ligands can also suppress inflammatory responses, either by activating the genes that

encode anti-inflammatory proteins or by suppressing the genes that are under the control of pro-

inflammatory transcription factors. The medicinal chemistry of Liver X Receptor (LXR) modulators has

been so far mainly focused on non-steroidal compounds. Despite some compounds endowed with high

potency have been discovered, these are characterized by a low or null gene-selectivity, thus actually

preventing their clinical applications. Indeed, the non-steroidal compounds (i.e. T0901317) induce lipogenic

effects by increasing liver and circulating triglyceride levels. The lipogenic effects have precluded further

clinical development of these compounds. To date, few steroidal modulator so far reported have shown cell

and gene-context dependent activities. There is therefore a need for steroid- based LXR modulators which

are endowed with a better pharmacokinetic properties and lower toxicity with respect of LXR agonists of

the prior art.

The present invention relates to a novel steroidal stigmasterol and ergosterol derivatives, characterized by

the presence of oxygenated functions at C-22 and C-23 positions, able to work as potential Liver X

Receptor (LXR) agonist for the treatment of of diseases associated with LXR, such as cancer,

inflammation, metabolic and autoimmune diseases.

Patent information. The international patent application was published as WO2019021122. 

Patent family status: pending patent application in Europe (App. N° EP2018750270) and in US (App. N°

US16/633477).

Figure 1. Chemical structures of the most relevant examples of LXR agonist compounds.

Stage of Development. Out of sixteen different compounds produced and tested by inventors, the

following compounds are considered the most promising ones in view of their specificity and activity on

LXR receptor (Figure 1):

• PFM002 (21), PFM005 (28) and PFM006 (27): selective LXR α agonist;

• PFM018 (25): a selective LXR β agonist;

• PFM009 (13): a non selective LXR agonist.
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LXR agonists induce the expression of target genes (i.e. ABCA1), which are involved in cholesterol

homeostasis. In the liver, LXR activation promotes the biosynthesis of fatty acids, by inducing the expression of

SREBP-1c, as well as several downstream genes in the SREBP-1c pathway, including SCD1 and FASN.

Interestingly, the inventors demonstrated that all sixteen different compounds produced and tested were able to

induce ABCA1 expression, with 13, 19, 20, and 25 able to induce a strong induction of ABCA1 expression

comparable to that caused by positive control (T0901317). Noteworthy, for all our compounds the level of up-

regulation of SREBP-1c was much lower than that observed for T0901317 and comparable to the level obtained

with the natural endogenous ligand 22R-HC. No compound up-regulated the mRNA levels of FASN and SCD1

(Figure 2).

Figure 2. Regulation of ABCA1 (A), SREBP1c (B), FASN (C), and SCD1 (D) genes by the title compounds assessed by

qPCR. U937 cells differentiated were treated with the tested compound (10 μM). Non-steroidal agonist T0901317 or the

endogenous ligand 22R-HC are positive controls. The results show mean± SD of three biological samples; (n = 3/group);

*p < 0.05, **p < 0.01, ***p < 0.001.

According to all of this evidence, the derivatives 13, 19, 20, and 25, being strong inducers of ABCA1 and poor

activators of SREBP1c and SCD1 in the U937 cell line, showed to be very promising derivatives. Over the time,

indeed, substantial efforts have been dedicated to the identification of LXR ligands able to turn on ABC

transporter genes, without affecting lipogenic genes levels

In summary, stigmasterol derivatives are the most promising of the whole series; thus, evidencing the potential

of the stigmastane scaffold as a starting point for designing LXR modulators.

Potential Applications and Competitive Advantages. The novel steroidal stigmasterol and ergosterol

derivatives here described could be employed as potential Liver X Receptor (LXR) agonist for the treatment of

diseases associated with LXR, such as cancer, inflammation, metabolic and autoimmune diseases. In

particular, these compounds show (i) high LXR selectivity, (ii) high gene selectivity for cholesterol homeostasis

rather than for lipogenesis, and (iii) less toxic effect than non-steroidal compounds.

We seek a potential commercial partner with a strong pipeline in Liver X Receptor modulator

compounds and small molecule therapeutics in order to develop new therapeutic agents for the

treatment of LXR-associated diseases.

For further information on this project please contact:

S c i e n t i f i c C o n t a c t  

Dott. Vincenzo Russo  

Cancer gene therapy Unit

San Raffaele Hospital and Scientific Institute  

Tel: +39 02 2643 4793

Fax: +39 02 2643 4786

E-mail: russo.vincenzo@hsr.it 4

B u s i n e s s C o n t a c t  

Dr. Daniela Bellomo

Head of Business Development of Research

San Raffaele Hospital

phone: +39 0226432729

E-mail: bellomo.daniela@hsr.it

mailto:russo.vincenzo@hsr.it


Background and Description of Invention. Herein, the inventors have tested the ability of NGR-TNF (a

peptide-TNF fusion protein that selectively targets CD13+ tumor vessels) to permeabilize the BBB and to

promote the penetration of anticancer drugs in patients with primary diffuse large B-cell lymphoma of

the CNS (PCNSL). To assess the this effect, patients with relapsed/refractory PCNSL have been treated

with low-dose NGR-TNF in combination with R-CHOP in a Phase II trial termed “INGRID”, performed at

the San Raffaele Hospital (Ferreri et al. Blood 2019; Ferreri et al. Blood Adv 2020). R-CHOP (rituximab,

cyclophosphamide, doxorubicin, vincristine and prednisone) is the standard treatment of diffuse large B-

cell lymphoma, the most common lymphoma in Western countries. However, this chemotherapeutic

regimen has very little effect on lymphomas located in the CNS because in this setting the BBB limits drug

penetration in tumors. The study i) addressed the effects of NGR-TNF on vascular permeability and R-

CHOP drugs pharmacokinetics, and ii) assessed the overall response rate (ORR) to the treatment as a

primary endpoint. A sample size of 28 patients has been considered necessary to demonstrate

improvement in ORR from 30% to 50%. The treatment has been well tolerated, without cases of

unexpected toxicities, dose reductions or interruptions. NGR-TNF/R-CHOP has been active, with

confirmed tumor responses in 21 patients (75% of ORR, complete in 11 patients), indicating that the

primary endpoint (predetermined activity threshold: 12 responses) has been largely reached (Fig. 1). At a

median follow up of 21 months, 5 patients remained relapse free and 6 were alive. By using modern,

standardized neuroimaging techniques, authors have demonstrated a significant increase of

vascular permeability in the tumor and peritumoral areas (Fig. 2). This study opened a new phase in

the treatment of PCNSL, and the use of this engineered TNF to overcome BBB in other primary and

secondary CNS tumors could result in higher rates of long-term remission in these hard-to-treat patients.

Inventors recently produced a novel proprietary form of NGR-TNF engineered with an N-terminal serine

(S-NGR-TNF), more stable and homogeneous than NGR-TNF. This extra-serine prevents post-

translational modifications and improves CD13 recognition. Thus, compared to NGR-TNF used in clinical

trials, S-NGR-TNF shows improved stability, homogeneity and tumor targeting activity in tumor bearing

mice (Fig. 3). In ongoing experiments performed in an orthotopic model of glioblastoma, S-NGR-TNF

could increase the efficacy of doxorubicin, suggesting that this drug can be exploited to favor drug

penetration in brain tumors.

Blood-brain-barrier (BBB) permeabilizing agent to promote chemotherapy 

penetration in primary and secondary tumors of the Central Nervous System

Figure 1. Examples of responses to R-CHOP

preceded by NGR-hTNF. Gadolinium-enhanced

T1 weighted scan shows (A) a large

homogeneous enhancing lesion in the left frontal

lobe (arrows) in a 62-year-old woman at the

second relapse after high-dose methotrexate and

after salvage high-dose ifosfamide-based

therapy; disease was refractory to previous lines.

(B) Tumor regression after 2 courses of

experimental treatment. (C) A large enhancing left

temporal lesion (arrows) in a 65-year-old man at

the second relapse after high-dose methotrexate

and after salvage whole-brain irradiation. (D)

Tumor regression after 2 courses of experimental

treatment.

Figure 2. An example of increase of 99mTc-DTPA uptake after the infusion

of NGR-TNF followed by R-CHOP at the third course of treatment. The

volume of >30% 99mTc-DTPA uptake is contoured in 2 SPECT studies

performed before (left image, blue line) and after (middle image, green line)

administration of NGR-TNF and R-CHOP. The volume of interest before and

after NGR-TNF/R-CHOP delivery was 22 cm3 and 40 cm3, respectively.

Figure 3 Toxicological and pharmacological effects of murine S-NGR-TNF

and NGR-TNF in tumor-bearing mice. Effect of high-dose murine S-NGR-

TNF or NGR-TNF on the body weight and tumor volume of RMA-T

lymphoma-bearing mice. Tumor-bearing mice were treated at day 11 after

tumor implantation with 2 and 6 μg of murine NGR-TNF or S-NGR-TNF

(i.p.) as indicated (arrows). Animal weights and tumor growth are shown

(n=6, mean ± SE).
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For further information on this project please contact:

S c i e n t i f i c C o n t a c t  

Prof. A Corti

Tel: +39 02 2643 4802

E-mail: corti.angelo@hsr.it

Dr AJM Ferreri

Tel: +39 02 2643 7649

E-mail: ferreri.andres@hsr.it

San Raffaele Hospital and Scientific Institute

Potential Applications and Competitive Advantages.

-Rapid preclinical development of S-NGR-TNF and re-run of NGR-TNF/R-CHOP trial on PCNSL to obtain

approval in such rare disease. Orphan Drug Designation status for NGR-TNF maybe sought for further

protection.

-Potential exploitation of S-NGR-TNF (or NGR-TNF) as a BBB permeabilizing agent, in combination with

chemo/immunotherapy, also in other primary brain tumors, e.g. high-grade gliomas, or brain metastasis.

Competitive advantage

-S-NGR-TNF is a novel drug with long patent protection ahead, but already de-risked by preclinical and

clinical safety and efficacy data of its closely-related old version (NGR-TNF).

-Outstanding clinical results have already been obtained with NGR-TNF in a difficult and highly unmet

medical need, such as relapsing/refractory PCNSL.

-The peculiar combination of expertise in drug development and patient management at the San Raffaele

Institute may allow rapid translation to the clinic of the new drug. Notably, in the INGRID trial, 28 patients

with relapsed/refractory PCNSL were enrolled in less than two years.

-The proposed approach has potential application (permeabilization of the BBB) in other primary and

secondary tumors of the CNS.

We seek an industrial partner to pursue rapid preclinical and clinical development of S-NGR-TNF in 

combination with R-CHOP for PCNSL as first-line treatment and associated with other 

chemotherapy regimens as salvage treatment and, eventually, in other primary and secondary CNS 

tumors.

Patent information. The international patent application was published as WO2020109625 (relative

to NGR-TNF/R-CHOP) and pending patent application in Europe (for S-NGR-TNF). The patented

technology is available for licensing worldwide.

Stage of Development. The group of Prof. Corti has been studying and developing tumor targeting agents,

in particular NGR-TNF, for over twenty years. In collaboration with Dr Andrés J. M. Ferreri, Director of the

Lymphoma Unit of the San Raffaele Hospital, they have recently proven the efficacy of NGR-TNF to

permeabilize the BBB and favour the penetration of conventional chemoimmunotherapy in PCNSL. Thus,

the inventors can leverage on their long-standing expertise on the preclinical and clinical development of

NGR-TNF to rapidly funnel the development of S-NGR-TNF as a more stable, homogeneous and active

agent for BBB permeabilization in brain tumors.
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Dr. Daniela Bellomo

Head of Business Development of Research

San Raffaele Hospital

Phone: +39 0226432729

E-mail: Bellomo.daniela@hsr.it

mailto:corti.angelo@hsr.it
mailto:ferreri.andres@hsr.it
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“Glycosylation inhibition to improve CAR-T  therapy”

Background and Description of Invention.

Herein, the inventors have developed a strategy to increase the efficacy of CAR T cells with different

specificities against multiple types of solid cancers. In particular, the inventors demonstrated that

branched N glycans protect tumor from CAR T cells and that this barrier can be overcome by combining

CAR T cell therapy with deglycosylating agents, such as 2DG.

Chimeric antigen receptors (CARs) are synthetic biology molecules commonly constructed by fusing an

antigen-binding moiety derived from a tumor-reactive monoclonal antibody with intracellular signaling domains

derived from T lymphocytes. In the last years, different institutions reported impressive clinical responses by

infusing CD19 CAR-T cells in patients with refractory B-cell malignancies. However, first-in-man studies

revealed unique hurdles contributing to the lack of a sharp demonstration of efficacy of CAR T cells in the

context of solid malignancies. The first requirement for CAR T cells to kill tumor cells is efficient antigen

engagement. Indeed, this is the first step of the complex process that leads to the formation of the

immunological synapse able to activate effector functions and to promote polarized secretion of lytic granules.

Glycosylation is the enzymatic process that produces glycosidic linkages of saccharides to other saccharides,

proteins or lipids. Interestingly, solid tumors feature a wide range of glycosylation alterations that promote

tumor growth and metastasis. These changes comprise increased branching of N-glycans, which form huge

sugar structures on the surface of malignant cells. It has been reported that glycans can mask peptidic

epitopes from mAb targeting, as in the case of influenza virus haemagglutinins, MUC1 mucin and PDL-1.

The Inventors demonstrated that multiple carcinoma cell lines express branched N-glycans, whose levels

negatively correlate with the degree of killing by T cells expressing a CD44v6-specific CAR. Accordingly,

knocking out the expression of the glycosyltransferase MGAT5 in pancreatic adenocarcinoma (PAC, Figure

1a) resulted in decreased exposure of branched N-glycans and induced the formation of a qualitatively

improved immunological synapse with CAR T cells, stronger NFAT/NF-kB signals, enhanced cytokine

production and cytolytic function (Figure 1b). To pharmacologically overcome the glycosylation barrier, they

utilized the glucose/mannose analogue 2-Deoxy-D-glucose (2DG). Similarly to MGAT5 knocked-out cells,

treatment with 2DG caused membrane exposure of de-glycosylated antigens, sensitizing tumor cells

to recognition and killing by CAR-T cells (Figure 1c). 2DG alone proved to be ineffective as mono-

therapy, suggesting a synergistic effect with CAR-T cells. Accordingly, when challenged against high tumor

burdens in vivo, CAR-T cells highly benefited from 2DG administration, resulting in more profound antitumor

responses (Figure 1d) and reduced T-cell exhaustion (Figure 1e). Notably, improved antitumor efficacy

were confirmed using different CAR specificities, such as CEA (Figure 2a-b), and different tumor

types. Overall, these results suggest that the combined strategy with de-glycosylating agents can be

applied to improve the efficacy of CAR T cell therapy against multiple types of solid cancer.

FIG:1 a, heat map of PHA-L expression on cell lines deriving from tumors of the pancreas, lung, breast and bladder. PHA-L binds

branched N glycans. b, Correlation analysis of PHA-L expression and tumor killing by CD44v6 CAR T cells (44v6.28z) at the 1:10 E:T

ratio. c, Schematic representation of glycosylation-defective T3M4 PAC cells. d, 44v6.28z cells were cocultured with either wt or Mgat5

ko T3M4 cells and tumor killing was expressed as elimination index at the 1:10 E:T ratio. e, CD44v6pos T3M4 cells were exposed to 2DG

before being co-cultured with 44v6.28z cells. Tumor killing was expressed as elimination index at the 1:10 E:T ratio. f, NSG mice were

injected intra-pancreas with T3M4 cells expressing a secreted luciferase. When the tumor burden was high, mice were injected with

2DG before receiving 44v6.28z cells or 19.28z cells as control. Tumor burden was monitored by bioluminescence analysis of blood

samples. g, SPICE analysis showing the expression of exhaustion/senescence markers on tumor-infiltrating 44v6.28z cells at sacrifice.

c d

e

a b
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We seek an industrial partner focused on CAR-T therapies to further develop this technology for clinical

applications.

For further information on this project please contact:

S c i e n t i f i c C o n t a c t s  

Dr. Monica Casucci

Group leader of Innovative Immunotherapies Unit

San Raffaele Hospital and Scientific Institute

Tel: +39 02 2643 6848

E-mail: casucci.monica@hsr.it

Potential Applications and Competitive Advantages.

CAR T cell efficacy against solid malignancies is still limited.

The inventors reported a novel and generalized mechanisms of tumor-resistance to CAR T cell therapy that is

based on the the expression of branched N-glycans on the surface of tumor cells.

The inventors show that pharmacological inhibition of N-glycan synthesis overcomes this resistance

and improves efficacy of CAR T cell therapies against solid tumors.

The proposed approach can be exploited with multiple CAR specificities and tumor types.

The approach does not require new CAR designs, available CARs can benefit from the approach.

The combination with 2DG is expected to be safe due to selective accumulation in tumor cells (Warburg effect).

Relevant Publications.

Greco et al. 2018. Combining De-Glycosylating Agents with CAR-T Cells for Targeting Solid Tumors and

Reducing Toxicity. Blood (2018) 132 (Supplement 1): 4544

- Oral presentation at the Keystone Symposia, Cancer Immunotherapy: Mechanistic Insights to Improve

Clinical Benefit (C2), March 10 - 14 2019, Whistler, British Columbia Canada: Greco B, ..., Casucci M.

Combining De-Glycosylating Agents with CAR-T Cells for Targeting Solid Tumors and Reducing Toxicity.

- Oral presentations at the 23rd Annual Meeting of the American Society of Gene and Cell Therapy (ASGCT),

May 12th - May 15th, 2020 (virtual): Greco B, ..., Casucci M. Combining deglycosylating agents with CAR T

cells for targeting solid tumors and Improving therapeutic index.
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Patent information.

The technology is object of an international patent application (published as WO2020020841)

Stage of Development.

The invention is currently in preclinical development. The advantages of the proposed technology have been

already demonstrated in different settings and multiple CAR T specificities.

FIG.2. a, CEA CAR-T cells (CEA.28z) were challenged with either

wt or Mgat5 ko T3M4 cells and killing was expressed as elimination

index at the 1:10 E:T ratio. b, T3M4 cells were exposed to 2DG

before being co-cultured with CEA.28z cells. Killing was expressed

as elimination index at the 1:10 E:T ratio.

a b

B u s i n e s s C o n t a c t  

Dr. Daniela Bellomo

Head of Business Development of Research

San Raffaele Hospital

Phone: +39 0226432729 

E-mail: Bellomo.daniela@hsr.it

mailto:broccoli.vania@hsr.it


Patent information. An international patent application was published as WO2007131575. Patent granted

in US and Canada; and US divisional pending. The second patent (WO2016146542) is pending in US,

Europe and Canada. Both patents are available for licensing worldwide.
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GM-CSF + IL-4  
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7 days

Tr1-DC

“ Tr 1 -dendr i t i c ce l ls and uses ther eof ”

Background and Description of Invention. A large panel of immunosuppressive drugs is now available

to prevent acute GvHD and allograft rejection. These agents have been associated with numerous and

rather significant toxicities. Moreover, continuous drug administration leads to a sustained general

depression of immune responses. All these effects are due to the non-selective mode of action of the

immunosuppressive drugs. A valid alternative to immunosuppressive regimens for prevention of GvHD and

allograft rejection is the induction of tolerance to the alloantigens expressed by the recipient or by the graft.

This tolerance-induction strategy should selectively target only a small fraction of potentially alloreactive T

cells and leave the remaining T cells of the immune system functionally intact.

Peripheral T-cell tolerance can be induced and maintained by a variety of mechanisms, including deletion,

induction of T-cell hypo-responsiveness, and differentiation of T regulatory (Tr) cells. Tr cells include a wide

variety of cells which all have a unique capacity to inhibit effector T-cell responses. Addition of IL-10 during

dendritic cells (DC) differentiation induces a new subset of tolerogenic Tr1-DC which can be used to

generate anergic Tr1. Tr1-DC are CD14+CD11c+CD11b+, express CD83, CD80, and CD86, and secrete

high levels of IL-10 but low amounts of IL-12. Importantly, IL-10/IL-12 ratio is maintained upon activation

with LPS and IFN-g. Tr1-DC are refractory to activation and are potent Tr1 cells inducers in vitro.

• Gene signature of human Tr1 cells are object of a new patent application (WO2013192215). The

patented technology is available for licensing worldwide. Patent applications pending in US, Europe and

Canada.

• CD4+ T cell that produces high levels of IL-10 (CD4IL-10 T cells), by lentiviral vector-mediated gene

transfer, for use in the treatment and/or prevention of a tumor that expresses CD13, HLA-class I and

CD54 and/or for use in inducing Graft versus tumour (GvT) (Locafaro et al., Molecular Therapy2017)

are object of a new patent application (WO2016146542). CD4IL-10 T cells (i) mediate anti-tumor effects

against myeloid cells; (ii) control GvHD by inhibiting the proliferation of human T cells in the

periphery; (iii) do not compromise the GvL effect mediated by allogeneic T cells against leukemia blasts.

A.
Adherence

fraction of PBMC

Tr1-DC

Suppression

10

days

no cytokines

PBMC

Mature DC

Tr1

Tr1

Tr1Tr1

Tr1  

T
Tr1

r1

Tr1
Tr1

Tr1
Tr1 Anergy  

Mature DC

Tr1

PBMC

B.

Figure 1 . In vitro differentiation of Tr1 cell lines using Tr1- DC.

A. Tr1-DC are differentiated from CD14+ monocytes by culturing with IL-4 and GM-CSF for 7 days in the presence

of exogenous IL-10. B. Tr1 cell differentiation using Tr1-DC. Total PBMC are stimulated with allogeneic Tr1-DC at

10:1 ratio for 10 days. The resulting Tr1 cell lines are anergic in response to mature allogeneic DC, and suppress

responses of autologous PBMC activated with mDC.
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Potential Applications and Competitive Advantages. Peripheral blood naive CD4+ T cells stimulated

with allogeneic Tr1-DC are profoundly anergic and acquire regulatory function. These T cells are

phenotypically and functionally similar to Tr1 cells, since they secrete high levels of IL-10 and TGF-b and

suppress T-cell responses. Collectively these data indicate that Tr1-DC are a novel subset of tolerogenic

DC that secrete high levels of IL-10 and low levels of IL-12, and are refractory to activation and maturation

in vitro.

• Tr1-DC induce anergic T cells in short term cultures; anergic T cells induced by Tr1-DC are regulatory  T 

cells phenotypically and functionally similar to Tr1 cells.

• Tr1-DC display low stimulatory capacity, and, importantly, a single round of stimulation with Tr1-DC is  

sufficient to induce Tr1 cells.

• Tr1-DC induce anergic T cells in pairs with different HLA disparities which can be used as cellular  

therapy to prevent GvHD and organ allograft rejection.

Relevant Publications.

• Roncarolo MG, Gregori S, Bacchetta R, Battaglia M. Tr1 cells and the counter-regulation of immunity:

natural mechanisms and therapeutic applications. Curr Top Microbiol Immunol. 2014

• Bacchetta R, Lucarelli B, Sartirana C, Gregori S, Lupo Stanghellini MT, Miqueu P, Tomiuk S,

Hernandez-Fuentes M, Gianolini ME, Greco R, Bernardi M, Zappone E, Rossini S, Janssen U,

Ambrosi A, Salomoni M, Peccatori J, Ciceri F, Roncarolo MG. Immunological Outcome in

Haploidentical-HSC Transplanted Patients Treated with IL-10-Anergized Donor T Cells. Front Immunol.

2014

• Gagliani N, Magnani CF, Huber S, Gianolini ME, Pala M, Licona-Limon P, Guo B, Herbert DR, Bulfone

A, Trentini F, Di Serio C, Bacchetta R, Andreani M, Brockmann L, Gregori S, Flavell RA, Roncarolo

MG. Nat Med. 2013

• Gregori S, Tomasoni D, Pacciani V, Scirpoli M, Battaglia M, Magnani CF, Hauben E, Roncarolo MG.

Differentiation of type 1 T regulatory cells (Tr1) by tolerogenic DC-10 requires the IL-10-dependent

ILT4/HLA-G pathway. Blood. 2010.

We seek a potential commercial partner with a strong pipeline in cellular immunotherapy protocols 

to further explore Tr1-dendritic cells and uses thereof for the generation of anergic Tr1 cells.

S c i e n t i f i c C o n t a c t s

Prof .M. G. Roncarolo / Dr. S. Gregori/ Dr. R.  

Bacchetta

Principal Investigators

San Raffaele Hospital and Scientific Institute  

Tel: +39 02 2643 4669

E-mail: gregori.silvia@hsr.it

For further information on this project please contact:

Stage of Development. IL-10 promotes the differentiation of a new subset of tolerogenic dendritic cells

(Tr1-DC) which can be used to generate anergic Tr1 cells with limited in vitro manipulation and suitable for

potential clinical use to restore peripheral tolerance. The ability of Tr1-DC obtained by the present method

to induce anergic allo-antigen specific Tr1 cells was evaluated. In addition, the potential of Tr1- DC to

induce T-cell anergy with limited in vitro manipulation in haplo-identical and HLA-matched un- related

donors was investigated.

B u s i n e s s C o n t a c t  

Dr. Daniela Bellomo

Head of Business Development of Research

San Raffaele Hospital

Phone: +39 0226432729 

E-mail: Bellomo.daniela@hsr.it

mailto:gregori.silvia@hsr.it


“ Per i ang iob lasts , adu l t ske l e ta l m usc l e s tem ce l ls for  

the t r ea tm ent o f m uscu lar dys t r oph i es”

Background and Description of Invention. The ideal cellular population for cell therapy of genetic and

acquired diseases of striated muscle should be easily obtained from accessible anatomical sites,

expandable in vitro to the extent required for systemic treatment of primary myopathies and highly localized

(intra-coronary) treatment of cardiomyopathies. Furthermore, these cells should be able to reach the target

muscle in vivo and should be easily transducible with viral vectors.

Mesoderm stem cells include, beside the canonical hematopoietic and mesenchymal stem cells, a number

of newly described and only partially characterized stem/progenitor cells that include:

• endothelial progenitor cells (EPC)

• multipotent adult progenitor cells (MAPC),

• muscle derived stem cells (MDCS),

• side population cells (SP),

• mesoangioblasts,

• stem/progenitor cells from muscle endothelium,

• sinovia,

• dermis,

• adipose tissue.

The phenotypic complexity and the lineage relationships between these cells are to date largely unexplored,

while known differences among them are based on gene expression signatures and differentiation potential

spectrum.

The present invention describes the isolation of periangioblasts from biopsies of human and mouse skeletal

muscle. Periangioblasts are defined as mesoderm progenitors cells derived from a sub-population of blood

vessels pericytes of post-natal skeletal muscle displaying high potential of skeletal muscle regeneration. In

the case of human skeletal muscle, these cells can be expanded in vitro for about 20 population doublings

before undergoing senescence as diploid non tumorigenic cells. When transplanted into dystrophic

immunodeficient mice they give rise to high numbers of new fibers expressing human dystrophin.

This is the first characterization of a human cell population that fulfils all the criteria of a successful cell

therapy protocol in Duchenne Muscular Dystrophy. Moreover, the same protocol can be applied to biopsies

of mouse and human cardiac muscle. Although primarily designed for muscular dystrophy, this invention

may be exploited also for acquired disorders of skeletal muscle, such as sphincter lesions, hernias or,

together with biomaterials, surgical ablation of small muscles.

Patent information. The international patent application was published as WO2007093412.  

Patent granted in US (US8071380). Patent pending in Europe (intention to grant).

Stage of Development. Phase I/II clinical trial was carried out. Started in March 2011, at San Raffaele

Hospital on paediatric patients affected by Duchenne Muscular Dystrophy (Cossu et al., Intra-arterial

transplantation of HLA-matched donor mesoangioblasts in Duchenne muscular dystrophy. EMBO Mol.

Med. 2015).
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Potential Applications and Competitive Advantages. The present invention relates to skeletal muscle

disorders such as Duchenne and other forms of muscular dystrophy, including but not limited to limb girdle,

facio-scapulo-homeral, myotonic, Emery-Dreyfuss etc, as well as inflammatory myopathies, which may all

be treated with skeletal muscle periangioblasts (Dellavallle et al., Pericytes of human skeletal muscle are

myogenic precursors distinct from satellite cells. Nature Cell Biology 2007 ).

Among the critical advantages of this invention:

• Periangioblasts can be easily isolated from the very same biopsy that is used for diagnosis. In addition,

a needle biopsy, which is a highly tolerable surgery, can be performed every few years to repeat the

therapy protocol.

• Periangioblasts express some of the proteins that leukocytes use to adhere to and cross the

endothelium and thus can diffuse into the interstitium of skeletal muscle when delivered intra-arterially.

This is a distinct advantage over resident satellite cells.

• Catheter-mediated delivery to the subclavia and the iliac arteries allow periangioblasts from skeletal

muscle to reach and colonize muscles essential for motility.

• Both normal and dystrophic periangioblasts maintain a diploid karyotype, are not tumorigenic in

immunodeficient mice and undergo senescence after approximately 20 population doublings in vitro.

• When induced to differentiate in vitro, periangioblasts spontaneously differentiate into skeletal muscle

cells with a frequency of up to 40%, an efficiency remarkably superior to any other non-myogenic cell

tested thus far and second only to resident satellite cells, which however cannot be delivered through

the circulation.

• Although not yet tested in a systematic comparative way, the number of dystrophin positive muscle

fibers produced in vivo by periangioblasts is higher than what reported previously for other cell types

(except resident satellite cells).

We seek a potential commercial partner focused on skeletal muscle disorders to further explore

mammalian post-natal progenitors.
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For further information on this project please contact:

B u s i n e s s C o n t a c t  

Dr. Daniela Bellomo

Head of Business Development of Research

San Raffaele Hospital

Phone: +39 0226432729

E-mail: Bellomo.daniela@hsr.it



“ U se of  ne ur a l s t em ce l ls t o i ndu ce ne ur op r o tect io n i n

i n f l am m ator y CN S di s or der s"

Background and Description of Invention. Transplantation of neural stem precursor cells in patients

affected by central nervous system (CNS) disorders characterized by chronic inflammation (e.g. multiple

sclerosis, brain tumors, ischemic stroke) has limited therapeutic impact due to recurrent or persisting

inflammation that targets and kills both CNS-resident and transplanted cells. Scientists at San Raffaele

Scientific Institute have been able to describe a novel immunomodulatory mechanism that boosts such

limited therapeutic effect by transplanting undifferentiated adult neural stem/progenitor cells (aNPC), which

promote direct neural cells replacement by acquiring in vivo terminally differentiated phenotype (Pluchino et

al., Nature 2005; Martino G, Pluchino S. Nat Rev Neurosci. 2006. Review; Pluchino et al., Ann Neurol. 2009).

Furthermore, upon systemic injection, aNPC are able to exert a neuroprotective effect by inducing in situ

programmed cell death of blood-borne CNS-infiltrating pro-inflammatory Th1, without affecting anti-

inflammatory Th2 cells in the inflamed CNS perivascular area.

The CNS inflammatory microenvironment dictates aNPCs cell fate, and therefore their therapeutic efficacy as

follows:

• when neurodegeneration prevails, transplanted aNPCs acquire a mature phenotype and thus replace

damaged neural cells, while

• when neuroinflammation predominates, transplanted aNPCs survive to recurrent inflammatory episodes

by retaining both an undifferentiated phenotype and notable proliferating capacities.

13

Figure 1. In vitro and in vivo analysis of CD3+ cells undergoing apoptosis. a and b, Spinal cord perivascular areas

stained for TUNEL from either sham- (a) or aNPC-treated R-EAE mice (b, 20X magnification). Few apoptotic cells

(arrows) are visible in a, while the great majority of the cells surrounding the blood vessel in b are TUNEL+ (black dots). c

Spinal cord perivascular area double stained for TUNEL (dark grey) and CD3 (dark brown) (dashed arrow, TUNEL+CD3-

cell; solid arrow, TUNEL+CD3+; Scale bar, 30 μm). d-g, Representative consecutive (5 μm-tick ) spinal cord sections –

stained for CD3 (brown dots in d and f) or TUNEL (black dots in d and f) – showing perivascular areas from sham-treated

(d and e) or aNPC-injected (f and g) R-EAE mice (40X magnification). Nuclei in d and f have been counterstained with

haematoxilin. The great majority of apoptotic cells expressing CD3 – which are significantly increased in aNPC-treated

mice (p< 0.005 vs. sham-treated) – are confined within perivascular inflamed CNS areas,as early as 2 weeks p.t. (30 dpi).

h, CD3/CD28 activated spleen-derived lymphocytes undergo apoptosis (AnnexinV+/PI- cells) when co-cultured with

aNPCs (single well, black bars; trans-well, white bars). i, Pro-inflammatory cytokine- conditioned aNPCs express mRNA

of pro-apoptotic molecules. Arbitrary units (AU) represent fold induction of mRNA levels between conditioned and non-

conditioned cells.
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Patent information. The international patent application was published as WO2007015173. Patent  

pending in Europe.

Stage of Development. Scientists transplanted subventricular zone (SVZ)-derived syngenic adult NPCs

(aNPC) in a mouse model of chronic-recurrent autoimmune CNS inflammation, namely relapsing-remitting

experimental autoimmune encephalomyelitis (R-EAE). While assessing their therapeutic potential, they

have been able to demonstrate that during R-EAE inflamed CNS perivascular areas function as ideal,

although atypical, niche-like microenvironments where transplanted cells can survive for long-term (up to 3

months post-transplantation) as bona fide aNPCs. It has also been demonstrated that systematically

injected syngenic aNPCs use constitutively activated integrins and functional chemokine receptors to

selectively enter the inflamed CNS.

Potential Applications and Competitive Advantages. Undifferentiated aNPCs have relevant therapeutic

potential in chronic inflammatory CNS disorders because they display immune-like functions that promote

long-lasting neuroprotection in inflamed CNS perivascular area on the one hand, and brain repair on the

other. Among their competitive advantages we have:

• aNPC-mediated apoptosis of blood-borne CNS-infiltrating encephalitogenic T cells, promoting long-

lasting neuroprotection in chronic inflammatory CNS disorders;

• Selective accumulation of intravenously-injected aNPCs within CNS inflamed areas using constitutively

functional homing molecules (e.g., a4 integrins and GPCRs) canonically used by pathogenic CNS-

infiltrating blood-borne lympho- and mono-cytes;

• Preferential maintenance of an undifferentiated phenotype upon aNPCs transplantation, thus potentially  

escaping the chronic CNS-reactive autoimmunity;

• In vivo maintenance of their proliferation capacity for up to 100 days after aNPCs transplantation, thus

potentially modulating their fate in vivo (proliferation vs quiescence vs migration and differentiation) in  

response to specific environmental signals (e.g., cytokines, chemokines, stem cell regulators).

We seek a commercial partner with a strong pipeline in chronic CNS disorders, to further explore

the clinical use of adult neural stem cells for therapeutic applications.

S c i e n t i f i c C o n t a c t

Prof. Gianvito Martino, Director

Division of Neuroscience

San Raffaele Hospital and Scientific Institute  

Tel: +39 022643 4853

Fax: +39 022643 4855

E-mail: martino.gianvito@hsr.it

For further information on this project please contact:

B u s i n e s s C o n t a c t  

Dr. Daniela Bellomo

Head of Business Development of Research

San Raffaele Hospital

Phone: +39 0226432729

E-mail: Bellomo.daniela@hsr.it

mailto:martino.gianvito@hsr.it


Background and Description of Invention. High Mobility Group Box 1 (HMGB1) is a nuclear protein that

signals tissue damage when released into the extracellular medium, thus working as a Damage Associated

Molecular Pattern (DAMP) (Bianchi, 2007). Extracellular HMGB1 can act as a proinflammatory mediator to

induce both recruitment and activation of leukocytes to release proinflammatory cytokines and chemokines.

Our scientists demonstrated that the redox state of HMGB1 cysteines dictates its extracellular activities from

inflammation to tissue regeneration (Venereau et al., J Exp Med 2012; Tirone et al., J Exp Med 2018).

Specifically, fully reduced HMGB1 (fr-HMGB1) supports muscle regeneration through CXCR4 by acting on

both the muscle stem cells (satellite cells) and their microenvironment. Conversely, disulfide HMGB1 (ds-

HMGB1) acts as proinflammatory cytokine through Toll-Like Receptor 4 (TLR4) and the Receptor for

Advanced Glycation Endproducts (RAGE). The researchers designed a non-oxidizable form of HMGB1

where all cysteines are replaced by serines, called 3S. Following acute injury, treatment with 3S promotes

muscle regeneration without exacerbating inflammation, by inducing the expansion of satellite cells and by

mobilizing tissue-healing macrophages (Tirone et al., J Exp Med 2018). Similarly, 3S administration

accelerates liver regeneration after intoxication without exacerbating inflammation. Muscle and liver have

very different tissue architectures and rely on different cellular mechanisms for regeneration. Hence, the

common regeneration responses to 3S strongly suggest that the HMGB1/CXCR4 axis may be involved in

the repair and regeneration of most tissues.

Figure 1. 3S-HMGB1 accelerates muscle and liver regeneration. (A-E) Muscle acute injury was induced by

injection of Ctx in tibialis anterior (TA) muscles together with vehicle (PBS) or HMGB1 (fr-HMGB1 or 3S).

(A) TA muscles, stained with Evans Blue Dyes (EBD), at days 5 and 15 after injury. (B) EBD, laminin, and

DAPI staining of TA muscle sections. Bars, 50 μm. (C) Percentage of EBD-positive myofibers (necrotic

fibers) and CSA (D) in TA muscles at day 5 after injury. n ≥ 4 mice per group. (E) Tetanic force of TA

muscles: uninjured (No Ctx), cardiotoxin-injured (Ctx), Ctx-injured treated with 3S (Ctx + 3S), at day 10 after

injury. n = 5 mice per group. (F-H) Liver injury was induced by i.p. injection of APAP (paracetamol). 2 h

later, mice received one single i.p. injection of vehicle (NaCl) or 500 μg/mouse 3S. (F-H) Representative

images of Ki-67 immunostaining (F) and quantification of intrahepatic leukocytes (IHL; G) or Ki-67–positive

hepatocytes (H) in livers from mice treated with vehicle or 3S. Bars, 50 μm. n = 4 mice per group.

Differences between groups were assessed with one-way ANOVA plus Dunnett’s post-test (panels C-E) or

with two-way ANOVA plus Bonferroni post-tests (panels G and H). Data are means ± SEM. *, P < 0.05;**, P

< 0.01; ***, P < 0.001. Adapted from Tirone M. et al., J Exp Med 2018.

Overall, the inventors’ work demonstrates the importance of targeting specific redox isoforms of HMGB1 in

physiological and pathological conditions, revealing the therapeutic potential of a designer HMGB1 for the

treatment of pathologies requiring tissue regeneration, such as wounds, fractures and physical trauma

recovery, ischemia and recovery thereof of various tissues and organs.

Patent information. An international patent application was published as WO2014016417. Patent family

status: granted patent in Europe (validated in 5 Countries) and in USA. 15
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For further information on this project please contact:
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S c i e n t i f i c C o n t a c t  

Prof. Marco E. Bianchi

Dr. Emilie Venereau

Division of Genetics and Cell Biology

San Raffaele Hospital and Scientific Institute  

Tel: +39 02 26434765

Fax: + 39 02 2643 5544

E-mail: bianchi.marco@hsr.it

venereau.emilie@hsr.it

Potential Applications and Competitive 

Advantages. The invention is a valuable tool to be used for  therapeutic applications promoting tissue

regeneration without exacerbating inflammation.

We seek a potential commercial partner focused on treatment of pathologies requiring tissue 

regeneration and interested in further developing selected HMGB1 variants as therapeutic tools.

Stage of Development. Our scientists recently demonstrated that oxidation of HMGB1 is a dynamically

regulated process in physiological and pathological conditions (Ferrara M. et al., Front Immunol 2020). In

addition, they identified HMGB1 as a functional link between oxidative stress and inflammation in muscular

dystrophies (Careccia G. et al., in revision). Extracellular HMGB1 is present at high levels and undergoes

oxidation in dystrophic patients and in mouse models of Duchenne Muscular Dystrophy (DMD) and Limb-

Girdle Muscular Dystrophy type 2d (LGMD2D). Genetic ablation of HMGB1 in muscles of DMD mice leads

to an amelioration of the dystrophic phenotype associated to decreased inflammation and muscle

degeneration, indicating that HMGB1 oxidation is a detrimental process in muscular dystrophies.

Pharmacological treatment with the 3S variant improves functional performance, muscle regeneration and

satellite cell engraftment in dystrophic mice, while reducing inflammation and fibrosis. Overall, the data

demonstrate that the balance between HMGB1 redox isoforms dictates whether skeletal muscle is in an

inflamed or regenerating state, and that the non-oxidizable form of HMGB1 is a possible therapeutic

approach to counteract the progression of the dystrophic phenotype. More in general, the rebalancing of

HMGB1 redox isoforms might be a therapeutic strategy for disorders characterized by chronic oxidative

stress and inflammation.

B u s i n e s s C o n t a c t  

Dr. Daniela Bellomo

Head of Business Development of Research

San Raffaele Hospital

Phone: +39 0226432729

E-mail: Bellomo.daniela@hsr.it

mailto:bianchi.marco@hsr.it


Background and Description of Invention. Herein, the inventors have developed optimized

manufacturing protocols to generate T cells and engineered T cells highly enriched of stem cell memory T

cells (TSCM) and characterized by improved fitness in xenograft mouse models. These protocols are based

on T-cell activation with cell-free scaffolds coupled to anti-CD3/anti-CD28 antibodies and culture in the

presence of IL-7 and IL-15. The inventors proved the proficiency of this procedure in different settings,

including genetic modification of T cells with suicide genes (Bondanza A, Blood 2006; Kaneko S, Blood

2009; Cieri N, Blood 2013), tumor-reactive TCRs (Provasi E, Nat Med 2012; Mastaglio S, Blood 2017) or

CARs (Casucci M, Blood 2013; Casucci M, Front Immunol 2018; Arcangeli S, Front Immunol 2020) and

gene editing of T cells to knock-out the endogenous TCR or inhibitory receptors (Provasi E, Nat Med 2012;

Mastaglio S, Blood 2017).

The value of the optimized procedure was initially proven with T cells genetically modified to express a

suicide gene in the context of allogeneic hematopoietic stem cell transplantation (allo-HCT). In this setting,

alloreactive donor T lymphocytes sustain a therapeutic graft-versus-malignancy effect. Unfortunately, allo-

HCT is limited by graft-versus-host disease (GVHD), which is often lethal. Genetic modification of early

memory T lymphocytes with a retroviral vector (RV) encoding for a suicide gene allows for an operational

separation of the graft-versus-leukemia (GVL) effect from the GVHD one. While several reports indicate

that genetic modification with RV reduces the T-cell life span, proliferative potential, and alloreactivity, the

proposed protocol promoted the expansion of human alloreactive Thymidine Kinase (TK)+ central memory

T cells able to self-renew, resist activation-induced cell death in vitro and cause GVHD in a xenograft

mouse model.

The optimized protocol was also applied in the context of TCR/CAR T-cell therapy. Adoptive

immunotherapies with engineered T cells has considerably changed the landscape of treatment options for

cancer patients. This is for example the case of CD19 CAR T cell therapy in patients with B-cell

malignancies. However, the frequency of patients who fail to respond or eventually relapse after response

is still high. Extensive preclinical and clinical experience has highlighted that the ability of engineered T

cells to expand immediately after infusion and persist in the long-term is crucial for achieving primary

antitumor responses and preventing disease recurrence. These properties can be enhanced by enriching

early memory T-cell subsets, e.g. stem cell memory and central memory T cells, by reducing the

expression of inhibitory and exhaustion markers and by activating metabolic programs that foster oxidative

phosphorylation and fatty acid oxidation. For this reason, the capability of manufacturing protocols to

shape the final engineered T-cell product currently represents one of the major goals of pre-clinical

research in the field. Moreover, standardized protocols for the manufacturing of engineered T-cell products

are still missing, with the overall process being extremely complex, as comprising multiple handling steps,

each one capable of causing operator errors, compromising the overall reproducibility.

Inventors have recently set up a nanomatrix-based procedure compliant with automated engineered

T-cell manufacturing and always based on aCD3/aCD28 cell-free scaffolds and IL-7/IL-15. This

manufacturing procedure proved able to expand CAR TSCM either from healthy donors (HDs) or

patients suffering from B-cell acute lymphoblastic leukemia (B-ALL), which in origin were highly enriched

of late-memory and exhausted T cells. When challenged in NSG mice infused with NALM-6 leukemia cells,

B-ALL CAR T cells were as effective as HD CAR T cells in mediating antitumor responses, significantly

increasing the survival of treated mice (Figure 1A). These experiments also confirmed the concept that the

frequency of TSCM in the final T-cell product correlates with improved expansion after infusion (Figure 1B).

Ex-vivo production of fully functional human gene-modified 

T lymphocytes

Figure 1 A) Survival curves of leukemia bearing NSG mice treated with CAR T cells or Mock control (HD: n = 26

mice for CAR T and n = 19 mice for CTRL; B-ALL: n = 9 mice for CAR T and n = 7 mice for CTRL). B) Relationships

between the proportion of CAR TSCM in the final T-cell product and in vivo expansion at day 7 (n = 12).

A B
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For further information on this project please contact:

S c i e n t i f i c C o n t a c t  

Prof. Chiara Bonini

Tel: +39 02 2643 4790

E-mail: bonini.chiara@hsr.it

Dr. Monica Casucci

Tel: +39 02 2643 6848

E-mail: casucci.monica@hsr.it

San Raffaele Hospital and Scientific Institute

The inventors have recently proven that applying the optimized manufacturing protocol described above

to a selected population of mixed T naïve (TN) and stem memory T cells (TSCM) allows for the generation

of engineered T cells with an improved therapeutic index, making them particularly suitable for cancer

immunotherapy. The efficacy and safety profiles of T cells generated from isolated TN/SCM was

compared to those derived from unselected T cells (TBULK). When challenged against tumor cells in

HSPC-humanized mice, limiting doses of CAR TN/SCM showed superior antitumor activity and the

unique ability to protect mice from leukemia re-challenge (Figure 2A). Improved efficacy was

associated with higher expansion rates, persistence and a more favorable T-cell phenotype,

characterized by early memory preservation, strong activation and poor exhaustion. In parallel, compared

to CAR TBULK, CAR TN/SCM proved to be intrinsically less prone to cause severe cytokine release

syndrome (CRS) and multifocal brain hemorrhages (Figure 2B).

These results indicate that CAR TN/SCM can induce deeper and more durable anti-tumor responses

in the absence of sCRS and neurotoxicity, significantly widening the therapeutic index of current

CAR T-cell approaches.

Patent information.

International patent application published (WO2007/017915). Patent granted in Europe (EP1956080),

US (US8999715) and divisional patent application pending in US.

Stage of Development.

The invention is currently in preclinical development. The advantages of the proposed technology have

been already demonstrated in different settings and multiple xenograft animal models.

Potential Applications

T-cell gene therapy, cancer adoptive immunotherapy.

Competitive advantage

• Ability to produce high number of clinical-grade, gene-modified human T lymphocytes ex-vivo

• Ability to elicit durable antitumor responses due to higher expansion rates, preserved early memory 

and poor exhaustion

• Lower intrinsic potential to cause toxicities (e.g. severe cytokine release syndrome and neurotoxicity)

We seek a potential commercial partner with a strong expertise in cancer adoptive

immunotherapy to further explore the clinical use of gene-edited T cells for the treatment of

leukemia while reducing the graft versus host effects.
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A B Figure 2. A) NALM-6-derived

bioluminescence signal

measured in NSG mice at

different time points after

treatment with CAR T cells and

expressed as Relative Light

Units (RLU). B) sCRS- and

neurotoxicity-related Kaplan–

Meyer survival curves of

NALM-6 bearing HuSGM3

mice treated with CAR T cells.
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Figure 1. GFP-expressing IDLV.ET.GFP.142T (grey

bars) vs. ICLV.ET.GFP.142T (black bars) injected

intravenously to adult mice (n=20 for IDLV mice and n=4

for ICLV mice in three independent experiments) and

measured GFP expression and vector DNA contents in

the liver at different times post-injection.

Figure 2. Transgene-specific tolerance after IDLV liver

gene transfer. Quantification of the CD8+ GFP200-208-

pentamer-positive T cells infiltrating the liver of mice

treated with the indicated IDLV (IDLV.PGK n=9;

IDLV.PGK.142T n=6; IDLV.ET.142T n=3) after antigen

re-challenge (by intramuscular vaccination with GFP-

encoding plasmids) 6 weeks after IDLV treatment.

Figure 3. Induction of transgene-specific Tregs by IDLV

treatment CD4+ cells isolated from OTII Ly5.2 Foxp3-

GFP transgenic mice were FACS-sorted to remove

GFP+ cells obtaining an homogeneous population of

CD4+ non-regulatory T cells with a unique antigen

specificity (OVA323-339 presented in IAb molecule). (A)

Tregs-depleted OTII CD4+GFP-

(2.5&times;106/mouse) were adoptively transfer

intravenously into naive C57BL/6 Ly5.1 recipient mice

one day before the injection of IDLV.PGK (n=3) or

IDLV.ET.142T (n=3) encoding for OVA. Three weeks

after IDLV administration livers were harvested and

infiltrating lymphocytes isolated. OVA-specific induced

Tregs were measured as GFP+ cells gated on

CD4+Ly5.2+. (B) a representative histogram and (C)

mean % induced Tregs +/- SEM is reported.

These results demonstrate a new strategy of tolerance induction which exploits miR-142-regulation in

combination with transient gene delivery. This approach renders treated mice unresponsive to vaccination

against strong neoantigens including a therapeutic protein (factor IX in hemophilia B mice) at 6 weeks after

IDLV delivery (Fig. 2) and induces the conversion of naïve into antigen-specific Tregs in the liver as assessed

at three weeks after IDLV delivery (Fig. 3). This strategy allows induction of long-lasting tolerance to

transgene-encoded antigens without the need for long-term transgene expression and while reducing risks

associated with vector integration.

Patent information. The international patent application was published as WO2010055413.  

Patent pending in US. Patent granted in Europe (EP2364362).

“ N ew gene ther apy appr oach to i nduce an t i gen -spe ci f i c

i mm unologi ca l to l e r ance”

Background and Description of Invention. In vivo induction of antigen-specific Treg has been a long-

sought goal of experimental medicine. Here we report in vivo induction of antigen-specific Treg and active

immune tolerance against foreign antigens by hepatocyte-targeted Integrase-Deficient Lentiviral Vectors

(IDLV). In particular, the present invention describes a new strategy exploiting endogenous miR-142

regulation in combination with IDLV.

1 2

3

Stage of Development. In vivo proof of principle has been achieved with different model antigens (GFP,

ovalbumin) and a therapeutic protein (coagulation factor IX in hemophilia B mice). Further validation for more

specific therapeutic application of this technology are ongoing.



We seek an industrial partner focused on protein replacement therapies and/or treatment of

autoimmune disorders to further develop this technology for clinical applications.

For further information on this project please contact:

S c i e n t i f i c C o n t a c t s  

Prof. Luigi Naldini

Director San Raffaele Telethon Institute for Gene Therapy  

San Raffaele Hospital and Scientific Institute

Tel: +39 02 2643 4681

Fax: +39 02 2643 4621

E-mail: naldini.luigi@hsr.it

Potential Applications and Competitive Advantages. This platform enables efficient liver gene transfer for

a window of time and induces immune tolerance to the encoded antigen in a “hit and run” approach, without

the need for long-term integration, thus providing enhanced safety as compared to Integrase-Competent

Lentiviral Vectors (ICLV). Hepatocyte-targeted IDLV are promising new vectors for a broad range of

applications, and primarily for

• induction of antigen-specific Tregs in “inverse vaccination” strategies to

– tolerize individuals to protein replacement therapies (such as in lysosomal storage disorders and

hemophilias or other plasma protein deficiencies). One of the major complications of protein

replacement therapies is the development of neutralizing antibodies against the therapeutic

protein. Thus patients undergoing these therapies would strongly benefit from the induction of

tolerance to the therapeutic protein.

– prevent or revert the development of autoimmune diseases (such as multiple sclerosis,

diabetes) and allergic diseases.

• reversible hepatic gene transfer of therapeutic proteins of therapeutic proteins, such as interferon (IFN) and

other cytokines, in chronic viral hepatitis or hepatic tumors; gene-based delivery may provide thera-

peutic concentrations of the factor at the disease site with limited systemic exposure and only for a defined

window of time.

Relevant Publications.

• Akbarpour M, Goudy KS, Cantore A, Russo F, Sanvito F, Naldini L, Annoni A, Roncarolo MG. Insulin B

chain 9-23 gene transfer to hepatocytes protects from type 1 diabetes by inducing Ag-specific FoxP3+

Tregs.Sci Transl Med. 2015

• Annoni A, Cantore A, Della Valle P, Goudy K, Akbarpour M, Russo F, Bartolaccini S, D'Angelo A,

Roncarolo MG, Naldini L. Liver gene therapy by lentiviral vectors reverses anti-factor IX pre-existing

immunity in haemophilic mice. EMBO Mol Med. 2013

• Cantore A, Nair N, Della Valle P, Di Matteo M, Màtrai J, Sanvito F, Brombin C, Di Serio C, D'Angelo A,

Chuah M, Naldini L, Vandendriessche T. Hyperfunctional coagulation factor IX improves the efficacy of

gene therapy in hemophilic mice. Blood. 2012

• Mátrai J, Cantore A, Bartholomae CC, Annoni A, Wang W, Acosta-Sanchez A, Samara-Kuko E, De Waele

L, Ma L, Genovese P, Damo M, Arens A, Goudy K, Nichols TC, von Kalle C, L Chuah MK, Roncarolo MG,

Schmidt M, Vandendriessche T, Naldini L. Hepatocyte-targeted expression by integrase-defective lentiviral

vectors induces antigen-specific tolerance in mice with low genotoxic risk. Hepatology. 2011.

• Annoni A, Brown BD, Cantore A, Sergi LS, Naldini L, Roncarolo MG. In vivo delivery of a microRNA-

regulated transgene induces antigen-specific regulatory T cells and promotes immunologic tolerance.

Blood. 2009.

• Brown BD, Naldini L. Exploiting and antagonizing microRNA regulation for therapeutic and experimental

applications. Nat Rev Genet. 2009 Review.
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Background and Description of Invention. Herein, the inventors have developed a novel

gene-therapy approach for reactivating CD8+ T cell responses in chronic HBV patients. In the

context of the ERC Consolidator Grant “FATE” granted to the inventor, the mechanisms behind

the ineffective CD8+ T cell response towards HBV, as well as the potential efficacy of

interleukin-2 (IL-2) to reactivate it, thus achieving antiviral activity, have been demonstrated.

Specifically, to test the clinical potential of IL-2 in a system that would limit its systemic toxicity,

inventors generated proprietary third-generation, self-inactivating lentiviral vectors (LVs) that

allow selective hepatocellular expression of IL-2 (Figure 1). This is achieved by means of both

transcriptional and post-transcriptional regulation; the former is mediated by a chimeric artificial

hepatocyte-specific enhancer promoter, termed Enhanced Transthyretin (ET), while the latter is

mediated by target sequences of endogenous microRNA 142 (142T) that instruct degradation of

any illegitimate transgene mRNA in hematopoietic-lineage cells. When tested in mouse models

of HBV pathogenesis, lentiviral-mediated hepatic expression of IL-2 led to the

differentiation of HBV-specific dysfunctional CD8+ T cells into effector cells endowed with

antiviral potential (Figure 2). These promising pre-clinical results pave the way to the

development of an innovative treatment consisting in a single dose gene therapy-based

approach that, when combined with existing and/or upcoming antivirals, aims at inducing a

functional cure against chronic hepatitis B. Hepatitis B virus (HBV) infections remain a major

public health issue worldwide. About 350 - 400 million people are chronically infected by HBV,

and about 1 million people die each year from the complications of this infection such as

cirrhosis and hepatocellular carcinoma. Due to the transmission mechanism (via chronically

infected patients) and to the fact that only around 10% of infected people is aware of their status,

these numbers are expected to grow; this led the World Health Organization to declare HBV a

health priority. Chronic HBV infection is typically acquired at birth or in early childhood

particularly in Asian and African countries, where HBV is endemic. Indeed, the risk of developing

a chronic infection after exposure drops from ~90% in neonates to 1–5% in healthy adults. HBV

is a non-cytopathic virus that replicates exclusively in hepatocytes without inducing innate

immune activation and the outcome of infection is mainly determined by the kinetics, breadth,

vigor and effector functions of HBV-specific CD8+ T cells, the cytotoxic lymphocytes that are in

charge of killing infected hepatocytes or inhibiting viral replication. Indeed, patients with acute,

resolving hepatitis, have a relatively vigorous, multi-specific and polyclonal CD8+ T cell

response, whereas patients with chronic hepatitis have a much weaker, dysfunctional and

narrowly focused CD8+ T cell response. Current treatments for chronic HBV infection mainly

relies on nucleoside or nucleotide drugs (NUCs, direct antiviral drugs), which suppress virus

production, or a therapy based on PEGylated interferon-α (IFN-α); however, none of these

treatments eradicates HBV from the liver, thus requiring lifelong treatment for NUCs and limited

treatment duration but with greater adverse effects in case of interferon.

“IL-2 gene therapy for chronic hepatitis B virus infection”

There is a consensus in the

community that activating the

immunological mechanisms that

allow spontaneous HBV resolution

is a sensible strategy for the

treatment of chronic HBV infection.

Indeed, a number of

immunotherapeutic approaches

(therapeutic vaccination, checkpoint

inhibitors, TLR agonists, reduction

of antigen load, TCR-redirected T

cells, monoclonal antibodies) are

currently being experimentally

tested in HBV infected patients. All

these novel solutions can converge

towards a combined therapeutic

approach.Figure 1
21



For further information on this project please contact:

S c i e n t i f i c C o n t a c t  

Prof. Matteo Iannacone

Tel: +39 02 2643 6359

San Raffaele Hospital and Scientific Institute

E-mail: iannacone.matteo@hsr.it

The lentiviral-mediated hepatic delivery of IL-2 is therefore novel and innovative (one single

dose for total eradication, with a minor investment per treatment), and has shown promising

results in early preclinical testing, with a potential significant economic and social impact.

Patent information

The invention is object of an international patent application.

Stage of Development

- Evaluation of the testing activity (lentiviral vector optimization and dosing)

- Evaluation of alternative delivery approaches (e.g., Nanoparticles)

- Study of the efficacy and safety for different target cells in preclinical mouse models

- Identification of the best performing approach to further advance towards the clinical phase

Potential Applications

Chronic hepatitis B virus infection.

Competitive advantage

- one single dose for total eradication;

- potential significant economic and social impact.

We seek a potential commercial partner with a strong expertise in hepatitis B

management to further explore the clinical use of IL-2 based approaches for the

treatment of HBV infection.

Figure 2. Therapeutic potential of IL-2 treatment for T cell restoration during chronic HBV infection.

(A) Absolute numbers of IFN-γ-producing T cells in the livers of WT or MUP-core mice. (B) Serum ALT levels at day

0 and day 5 in the same mice.

A B
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“Compounds for Use in Polycistic Kidney Disease”

Background and Description of Invention. Autosomal Dominant Polycystic Kidney Disease (ADPKD) is

the most common monogenic disorder affecting the kidney, with an estimated prevalence of individuals

affected at birth of 1:500 to 1:1000, uniformly distributed for sex, ethnic group and geographical areas.

ADPKD is a chronic progressive disease, characterized by bilateral renal cyst formation. Cysts grow

progressively over time. The gradual expansion of cysts compresses and eventually replaces the normal

tissue, causing end-stage renal disease in a majority of affected individuals.

The disease is due to loss-of function mutations in two genes: PKD1 which is mutated in 85% of cases and

PKD2 in the remaining 15%. The crucial goal of correcting the gene defect seems still far away. The ideal

therapeutic compound in ADPKD should effectively block both abnormal cysts growth and fluid secretion

into the cysts. Thus, therapeutic interventions targeting cyst expansion are currently being tested in

multiple clinical trials to delay renal disease progression. Among all of these opportunities for therapy, the

use of a vasopressin receptor antagonist, Tolvaptan, is as of today the only one that resulted in an effective

amelioration of disease progression in patients and the only molecule that has been approved for therapy in

ADPKD (worldwide).

Herein, using a metabolomic approach, the inventors identified a new pathogenic ADPKD pathway

involving defective glucose metabolism and showed that inhibition of glycolysis using glucose analogs

ameliorates PKD in preclinical models and might thus represent a novel therapeutic strategy in ADPKD.

Specifically, inventors showed that mutation in PKD1 results in enhanced glycolysis in cells from a murine

model of PKD and from patients-derived ADPKD kidney. Glucose deprivation reduced proliferation and

sensitized PKD1 mutant cells to apoptosis. Inventors were able to ameliorate proliferation rate and cystic

kidney volume by treating a PKD mouse model with 2-deoxyglucose (2DG) (Figure 1) (Rowe I. et al.,

Defective glucose metabolism in polycystic kidney disease identifies a new therapeutic strategy. Nat Med

2013).
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Figure 1. Treatment

with 2DG ameliorates

cystic kidney disease

in several PKD long

term PKD mouse

models.

(A) Representative

images of kidneys

treated daily for 10

weeks with 100mg/Kg

2DG or vehicle

(NaCl). (B) Ratio of

total kidney volume

(TKV) measured

longitudinally using

MRI in animals

treated or not with

2DG. Different colors

indicate dfferent

litters. (C) table

summarizing the

models emplyed and

the several benefits

observed in PKD

murine models.

A B

C
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For further information on this project please contact:

S c i e n t i f i c C o n t a c t  

Dr. Alessandra Boletta

Director of Division of Genetics and Cell 

Biology  San Raffaele Hospital and Scientific 

Institute  Tel: +39 02 2643 4805

Fax: + 39 02 2643 4861

E-mail: boletta.alessandra@hsr.it

Inventors also found that these metabolic alterations depend on the ERK pathway acting in a dual manner by

inhibiting the LKB1-AMPK pathway on the one side and activating the mTORC1-glycolytic cascade on the other.

Enhanced metabolic rates further inhibit AMPK. Therefore, forcing activation of AMPK acts in a negative

feedback loop restoring normal ERK activity.

These data are consistent with the positive effect of other compounds (metformin, rapamycin, ERKs inhibitors)

already known to effectively ameliorate cystic kidney diseases in animal models that would be effective because

of their activity on glycolysis.

These findings provide a strong rationale for a new therapeutic and well tolerated approach for Polycystic

Kidney (and possibly liver) Disease using glucose analogues, such as 2DG, either individually or in

combination with other drugs interfering with glycolysis process (Rowe I. and Boletta A. Defective metabolism in

polycystic kidney disease: potential for therapy and open questions. Nephrol Dial Transplant. 2014)

Patent information. The international patent application was published as WO2014006093.

Patent family status: granted patent in USA (N.10,478,446), pending patent application in Europe (N. 13733319.1)

Stage of Development.

• Inventors have completed the analysis of the effect of low doses of 2DG administration in both the medium-

term and the long-term animal models of PKD, showing that the progression of disease in these animal models

is greatly retarded (Chiaravalli et al., 2-Deoxy-d-Glucose Ameliorates PKD Progression. J Am Soc Nephrol.

2016; Magistroni and Boletta, Defective glycolysis and the use of 2-deoxy-D-glucose in polycystic kidney

disease: from animal models to humans. J Nephrol. 2017)

• Inventors have performed a comparative analysis between 2DG and Tolvaptan in the long-term animal

models. The numbers are low and we would need to extend the numerosity of animals treated with Tolvaptan,

but the results indicate that low doses of 2DG work as well as very high doses of Tolvaptan in retarding disease

progression.

• Inventors have been awarded a grant from the Italian Ministry of Health that will allow to perform the first study

of 2DG safety in ADPKD patients (that should start in 2021)

Potential Applications and Competitive Advantages. It should be noted that the therapy in ADPKD might

require to be continued for several years because this is a slowly progressing chronic disease. Therefore, a

favorable safety/toxicity profile and lack of side effects would be extremely important. Inventors highlight the

following advantages for the proposed approach:

• It should be well tolerated in humans

• It should be active in cystic liver and pancreas, as well

• The drug appears to cause apoptosis specifically in cells lacking the PKD1 gene. Inducing apoptosis in cells

that have acquired a second mutation in the kidney, might allow to eliminate the cells that give rise to cysts

without further need to slow down their progression

• Several of the compounds inhibiting the cascade at different levels might be used at low doses and in

combination

We seek a potential commercial partner interested in developing new and innovative therapeutic agents

for the treatment of genetically modified diseases, with a major focus on end-stage renal disease and/or

chronic kidney disease.

B u s i n e s s C o n t a c t  

Dr. Daniela Bellomo

Head of Business Development of Research
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Background and Description of Invention. Autosomal Dominant Polycystic Kidney Disease (ADPKD) is

the most common monogenic disorder affecting the kidney, with an estimated prevalence of individuals

affected at birth of 1:500 to 1:1000, uniformly distributed for sex, ethnic group and geographical areas.

ADPKD is a chronic progressive disease, characterized by bilateral renal cyst formation. Cysts grow

progressively over time. The gradual expansion of cysts compresses and eventually replaces the normal

tissue, causing end-stage renal disease in a majority of affected individuals.

The disease is due to loss-of function mutations in two genes: PKD1 which is mutated in 85% of cases and

PKD2 in the remaining 15%. The crucial goal of correcting the gene defect seems still far away. The ideal

therapeutic compound in ADPKD should effectively block both abnormal cysts growth and fluid secretion

into the cysts. Thus, therapeutic interventions targeting cyst expansion are currently being tested in multiple

clinical trials to delay renal disease progression. Among all of these opportunities for therapy, the use of a

vasopressin receptor antagonist, Tolvaptan, is as of today the only one that resulted in an effective

amelioration of disease progression in patients and the only molecule that has been accepted as a therapy

for ADPKD (in Japan, Canada and U.K.)

Herein, the Inventors carried out a comprehensive metabolomics characterization of cells and renal tissues

from a mouse model carrying the kidney-specific inactivation of the Pkd1 gene and they found out that the

glutamine metabolism is interlinked with asparagine synthesis in ADPKD and that the Asparagine Synthase

(Asns) gene is an essential component of the process. ASNS is a transaminase that converts aspartate into

asparagine while deaminating glutamine to form glutamate. The inventors have found that silencing ASNS

impacts on the growth of Pkd1 cells and this is more prominent when cells are also deprived from glucose.

Therefore, interfering with both glucose or glutamine uptake (via Asns) in PKD seems to be an ideal

combinatorial strategy.

Figure 1. Cystic mice (Pkd1ΔC/floxTmCre) or controls (Pkd1flox/+TmCre; Pkd1flox/+ and Pkd1ΔC/flox)42

were used to test Asns downregulation. Tamoxifen was injected at P24-P25 and the kidneys, liver and

plasma were collected at P88-93. Control animals were also injected with Tamoxifen at the indicated times

Pkd1ΔC/floxTmCre mice were injected with a single dose of Tamoxifen (Tam, 10 mg/40 g) at

P24.Treatments with either anti-sense oligo nucleotides ASO#1 and /or ASO controls was performed once

per week at 50mg/kg for a total of 7 weeks and sacrificed at P94. (A) Representative images of cystic

kidney treated with ASO controls and ASO#1 (litter 1). (B) The percentage of kidneys to total body weight in

cystic mice treated mice respect to ASOcontrols. (C) BUN was evaluated at the time of sacrifice, showing a

reduction in the cystic treated animals (for Litter D, one blood sample was not available) Mean ± SEM were

indicated, n.s. not significant (p ≥ 0.05), *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001. Paired t-test

was used for the cystic animals treated with #ASOcontrols Vs. #ASO1.

Overall, the inventors’ work demonstrated that the reduction of ASNS levels is associated to a decrease of

the expansion of renal cysts in ADPKD.
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“Asparagine Synthase as a new druggable target for the 

treatment of ADPKD”



For further information on this project please contact:
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S c i e n t i f i c C o n t a ct

Dr. Alessandra Boletta

Director of Division of Genetics and Cell Biology  

San Raffaele Hospital and Scientific Institute  

Tel: +39 02 2643 4805

Fax: + 39 02 2643 4861

E-mail: boletta.alessandra@hsr.it

Potential Applications and Competitive Advantages. The invention represents a new druggable target for the

treatment of ADPKD. The major limit of Tolvaptan, the current therapy for ADPKD, is that it causes adverse

effects like increased thirst and aquaretic effects affecting patient’s quality of life. The therapy in ADPKD might

be required for years and so it is essential that the side effects are limited. Inventors highlight the following

problems that the invention would solve and its advantages.

Asns inhibition causes apoptosis specifically in mutant cells in comparison to wild-type cells therefore it should

induce apoptosis only in cells which had acquired a second mutation in Pkd1 gene and which give rise to cysts.

Therefore asparagine synthetase inhibition slows down cyst expansion and the results show that treatment with

the ASNS ASOs results in a complete absence of side effects in the animals, in line with the normally very low

expression levels of this enzyme in adult tissues (not shown).

Combination therapy with 2DG would allow to target multiple pathways altered in ADPKD reducing the dosage of

one single drug limiting the side effects.

Patent information. An international patent application was published as WO2020049069.

Publications: Podrini et al. 2018. Dissection of metabolic reprogramming in polycystic kidney disease reveals

coordinated rewiring of bioenergetic pathways. Communication Biology, 2018, 1:194.

Stage of Development. Inventors are generating the animals for testing the inhibition of ASNS and the combo for

2DG and ASNS in the ‘very-long term model’ animal model of ADPKD. The animals are induced at P45 and are

collected at P160. Magnetic resonance (MRI) is performed at 3 time points, P40-P50, P100, P130 as to calculate

the growth of the renal volumes over time. This is in parallel with the blood collection for the analysis of renal

function and hepatic function. At P160 animals are sacrificed for organ collection. The numbers for the effect of

inhibiting ASNS to ameliorate cyst formation are very low and we are now extending the numbers for completing

the analysis of the effect of inhibiting ASNS administration.
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We seek a potential commercial partner interested in developing new and innovative therapeutic

agents for the treatment of genetically modified diseases, with a major focus on end-stage renal

disease and/or chronic kidney disease.
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Background and Description of Invention.

Rett syndrome (RTT) is a severe neurological disorder and second cause of intellectual disabilities in girls.

RTT is distinguished by a period of 6-12 month of overtly normal development followed, then, by a rapid

regression with the loss of the purposeful motor skills and the onset of repetitive and autistic behaviors. In the

vast majority of cases RTT is caused by loss-of-function mutations in the MECP2 gene, which encodes for the

methyl-CpG binding protein 2 (MeCP2), a global chromatin regulator highly expressed in neurons.

MeCP2 is a global determinant of the neural chromatin structure and is a pervasive regulator of gene

expression in brain cells and, thus, it remains challenging to target a single MeCP2 downstream pathway to

obtain a substantial therapeutic benefit.

The inherent monogenic nature of RTT makes gene therapy a strong translational option for this disease.

However, MECP2 gene duplication in humans is responsible for a serious and clinically distinguished

neurodevelopmental disorder. Affected males present with early hypotonia, limb spasticity and severe

intellectual disability. Thus, a successful gene therapy for RTT has to deliver the correct MeCP2 dosage in a

tight range that overlaps with endogenous levels.

The Inventors generated a transgene cassette with the Mecp2_e1 isoform including the coding sequence and

a short proximal 3’UTR (3’pUTR, ~200bp). This Mecp2 transcript occurs naturally in embryonic stem cells and

various tissues, but during development of the neural system this form is progressively overcome by

transcripts with longer 3’-UTR (8,6 Kb). Given the limited efficiency in transcript stability and translation

efficacy only the use of the CBA strong promoter was effective to sustain Mecp2 protein levels comparable to

those found in WT neurons. Since all the viral cassettes caused a similar instability of Mecp2 transcripts,

among them they chose CBA-iMecp2-pUTR-pA (M2a) construct for further in vivo studies, and referred to it

as iMecp2, for instability-prone Mecp2 (Fig.1A).

The M2a cassette was delivered in female Mecp2+/- mutant mice through PHP.eB adenoviral vectors. To this

end, 5 months old Mecp2+/- animals were intravenously injected with 1011 vg of either PHP.eB-iMecp2 or

control virus and examined over time up to 11 months post-treatment (Fig.1B-C). PHP.eB-iMecp2 treatment

sustained a significant and long-term protection from symptomatic deterioration improving the health

conditions and reducing the locomotor phenotype in female Mecp2+/- mice (Fig.1D-E). Moreover, PHP.eB-

iMecp2 gene therapy sustained a wide recovery of the abnormal gene expression in the Mecp2 mutant brain

tissue and elicited the rescue of the global impairment affecting transcriptional and translational processes

upon Mecp2 gene loss.

Figure 1

A

B

C
D

E F

1
0

1
1

v
g

Viral MeCP2

“Instability-prone  Mecp2  transgene  for  the  treatment  of  Rett Syndrome”



We seek an industrial partner focused on therapies for the treatment of Rett Syndome or on gene 

therapies for neurological disorders to further develop this technology for clinical applications.

For further information on this project please contact:

S c i e n t i f i c C o n t a c t s  

Dott. Vania Broccoli

Group leader of Stem cells and neurogenesis unit

San Raffaele Hospital and Scientific Institute

Tel: +39 02 2643 4616

E-mail: broccoli.vania@hsr.it

Potential Applications and Competitive Advantages.

Rett syndrome is caused by loss of the MeCP2 gene which is widely expressed in the brain. Pharmacological

therapies have failed to provide benefits in the patients reinforcing the concept that the MeCP2 gene has a key

role in shaping the multiple functions in both neuronal and glial cells. Given this, gene replacement therapy to

reinstall MeCP2 function in brain cells is a very promising therapeutic approach in Rett syndrome. However,

although the exogenous MeCP2 transgene needs to reach wide brain regions, its overall expression levels

need to be tightly controlled to avoid supraphysiological levels that have been shown to elicit neurological

complications in humans. We provided solid evidence that the M2a cassette sustain physiological levels of

MeCP2 expression in neurons through a combination of a strong promoter with an enhanced instability of the

transgene RNA. Thus, the finale outcome is that the MeCP2 therapeutic gene is expressed a comparable

levels with those of the endogenous gene. The features of the M2a cassette do not depend by particular host

conditions or animal species, thus its impact should be comparable in mouse, monkeys and humans.

Combining a strong promoter with a highly compacted MeCP2 3’-UTR provides an ideal setting to reach

physiological expression levels of the MeCP2 therapeutic gene.

Relevant Publications.

• Luoni et al.2020. Whole brain delivery of an instability-prone Mecp2 transgene improves behavioral and

molecular pathological defects in mouse models of Rett syndrome. Elife 2020, Mar 24;9:e52629
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Patent information: The technology is object of an international patent application 

Stage of Development.

The M2a cassette has been packaged in different other AAV strains including AAV9 providing similar results in

terms of sustaining sustain Mecp2 protein levels comparable to those found in WT neurons on in vitro cultures.

We are also implementing this cassette with new elements for an even more controlled and fine-tuned

expression of the MeCP2 transgene.

B u s i n e s s C o n t a c t  

Dr. Daniela Bellomo

Head of Business Development of Research

San Raffaele Hospital

Phone: +39 0226432729

E-mail: Bellomo.daniela@hsr.it

mailto:broccoli.vania@hsr.it
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Patent information. Patent granted in Europe and US. (The international patent application was published 

as WO2014184391)

“ C om pos i te Sca f fo ld for Ti ssue R epai r ”

Background and Description of Invention. Orthopaedic surgeons in collaboration with engineers have

developed a biphasic scaffold for the regeneration of the osteochondral tissue, composed of collagen 1

and hydroxyapatite. This scaffold can be used as a cell-free implant or in combination with a source of

cells, it has good press-fit properties facilitating the filling of the defect and it is stable throughout long term

regenerative applications (Sosio et al.; Osteochondral Repair by a Novel Interconnecting Collagen–

Hydroxyapatite Substitute: A Large-Animal Study. Tissue Engineering 2015).

Fig. 1

Untreated Cell-free scaffold Cell-seeded scaffold

Figure 1. Glycosaminoglycans staining of the repaired tissue after 3 months.

As indicated by arrows, the cell free scaffold of the present invention promoted a better regeneration of the

chondral tissue. *** indicates the center of thedefect

Fig. 2

Figure 2. Arrows show a detail of the

integration between the collagen and

the hydroxyapatite layers (black

arrows)

Stage of Development. This biphasic scaffold is at a pre-clinical stage of development. It has been

validated in the swine model, in osteochondral defects of the trochlea where the scaffold was implanted in

the unseeded form and in association with autologous chondrocytes.

Inventors are now validating the scaffold by implanting it in the medial femoral condyle (MFC) of the sheep

model, in order to evaluate its potentialities in defects subjected to higher load-bearing activity. Moreover, a

growth factor releasing version of the scaffold will be produced and tested in vivo in order to potentiate the

regenerative qualities. Additionally, a novel version of the scaffold will be tested in MFC of the sheep

model, presenting columnar organization of the hydroxyapatite within the bony part of the osteochondral

substitute, in order to allow a more efficient penetration of the bone marrow mesenchymal stem cells

throughout the entire thickness of the scaffold, to the bony and chondral part. This new version presents

also an important feature: the possibility to be cut and shaped before the implantation, based on the shape

of the defect. A longer time point is planned in order to verify the long term efficacy of its reparative

properties in vivo.



S c i e n t i f i c C o n t a c t  

Prof. Giuseppe Peretti

Laboratory of Tissue Engineering and Biomaterials  

San Raffaele Hospital and Scientific Institute

Tel: +39 02 5031 9967

Fax: +39 02 6621 4736

E-mail: gperetti@iol.it
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For further information on this project please contact:

Potential Applications and Competitive Advantages. This biphasic scaffold was developed for the

treatment and regeneration of osteochondral defects and presents competitive aspects with respect to the

current commercial solutions, in particular:

• A interconnection zone between the upper collagen 1 layer (that represents the chondral phase)

and the lower hydroxyapatite layer (that represents the bony phase), thus conferring a strong

integration of the two materials and allowing for a better stability and integrity of the scaffold;

• An external thin layer made of collagen 1 that surrounds the whole biphasic scaffold, thus conferring

good press-fit qualities to the composite and facilitating the insertion of the scaffold into the defect;

• A cell free application, as it can be efficiently repopulated by cells deriving from the bone marrow or

the surrounding tissues, as demonstrated by the in vivo experiments in the swine model;

• An early regenerative potential of the chondral tissue, observed after three months in the swine

model. Data are also confirmed in ovine models.

We seek a commercial partner focused on manufacture and distribution of orthopaedic medical

devices intended for regenerative medicine.

B u s i n e s s C o n t a c t  

Dr. Daniela Bellomo

Head of Business Development of Research

San Raffaele Hospital

Phone: +39 0226432729

E-mail: Bellomo.daniela@hsr.it

mailto:gperetti@iol.it
mailto:i@iol.it


Figure 2. From A to D: Whole

Blood Dissection (WBD) graphical

representation (A), WBD graphical

representation showing mean BM

composition in 5 adult and 5

pediatric HD (B), 6 Wiskott Aldrich

Syndrome (WAS) patients, 7 ADA-

SCID patients and 1 Chronic

Granulomatous Disease (CGD) (C),

6 Metachromatic Leukodystrophy

(MLD) patients (D). From E to I:

WBD graphical representation

showing BM composition in 1  

representative adult HD (E), 4

patients with acute myeloid  

leukemia at diagnosis (AML) (F), 2

patients with AML after chemo-

therapy (G) and 1 patient with acute

lymphoid leukemia (ALL) at relapse

(H) and 1 patient with multiple

myeloma (MM) at diagnosis (E).

“ M ul t ipar ametr ic Whol e B l ood Di ssect ion :  

A One-S hot Com pr ehens ive Pi c tur e of the  

Huma n He matopoie t ic Sys tem ”

Background and Description of Invention. Human hematopoiesis is a hierarchically organized system

in which distinct cell types with disparate properties and characteristics are continuously generated from

primitive hematopoietic progenitors, mainly resident in the bone marrow (BM). Several pathological

conditions such as immunodeficiencies (PID) and tumors are associated with an altered hematopoiesis

with unbalanced frequency of immature vs mature cell types or aberrant cell phenotypes.

Morphological examination is one of the routine laboratory tests performed for the diagnosis of

hematopoietic/immunological disorders, when alterations of the physiological differentiation of

hematopoietic cells are suspected. Still, this test requires experienced investigators, is time consuming,

not accurate in quantification and laborious in the identification of rare blood cell types. Conversely,

through the simultaneous measurement of multiple fluorescent antibodies, each binding to a specific

surface or intracytoplasmic molecule, flow cytometry constitutes a highly quantitative and reproducible

technique.

To assess the relative frequencies of blood cellular components, cytometric analyses are commonly

performed by splitting the available biological sample on different test tubes, each dedicated to the

analysis of a restricted group of leukocyte subpopulations through a limited set of surface markers. As a

result, the standard analyses do not allow identifying co-expression of >6–8 independent markers at a time

and the relative frequency of all the different blood cell subtypes cannot be concomitantly assessed on the

same sample.

The present invention relates to a novel flow cytometry protocol (kit), called Whole Blood Dissection

(WBD), which combines 17 surface markers, 1 viability cell marker and count beads accounting for a wide

spectrum of hematopoietic lineages. Starting from a limited amount of whole blood (WB), WBD allows

analyzing and quantifying at once and in a single test tube up to 23 different blood cell types composing

either BM or peripheral blood (PB) samples, including human stem progenitor cell (HSPC) subpopulations

and all the major cell lineages at different stages of maturations.

Figure 1. WBD protocol

workflow. The final WBD

results are available in <1.5 h

from the arrival of the samples.

The complete list of the

markers and the

fluorochromes necessary for

performing the WBD protocol

is reported in Figure 2 below.
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For further information on this project please contact:

S c i e n t i f i c C o n t a c t  

Prof. Alessandro Aiuti

San Raffaele Telethon Institute for Gene Therapy

San Raffaele Hospital and Scientific Institute  

Tel: +39 02 2643 6564 / +39 02 2643 4472

Fax: +39 02 2643 6545

E-mail: aiuti.alessandro@hsr.it

Potential Applications and Competitive Advantages. WBD allows unambiguously identifying and

quantifying >99% of the cell subpopulations composing a blood sample in a reproducible, standardized, cost-

and time-efficient manner. This technology represents a powerful tool for the analysis of human hematopoiesis

with a wide spectrum of potential preclinical and clinical applications:

iii)

i) analysis of the hematopoietic system composition through the determination of PB and BM cell population  

frequencies;

ii) characterization of hematological diseases, by detecting cell unbalances in hematological disorders, such  

as immunodeficiencies and hematological tumors

monitoring hematopoietic reconstitution and HSPC maintenance in patients after transplantation or  

treatment

iv) evaluation of the efficacy of therapeutic approaches.

The use of WBD in clinical screenings provides several advantages with respect to the standard analysis:

• simultaneous quantification of 23 different cell types including all the major mature lineage compartments,  

progenitors at different stages of maturation and rare subsets of HSPC

• quick (< 2 hours) and cost-saving procedure;

• reduced amount of blood is required to achieve a comprehensive picture of the hematopoietic composition  of 

a given sample;

• first characterization of immunodeficiencies, directing the choice of additional assays on specific cellular  

compartments;

• evaluation of the BM or mobilized PB composition of donor grafts prior to infusion;

• monitoring of patients after allogeneic transplantation or gene therapy to evaluate, at the same time, the level

of reestablishment of mature blood cells and the long-term maintenance of all (HSPC) populations and for

studying the dynamics of the hematopoietic reconstitution;

• Identification of blast populations within samples of hematological tumors and categorization of leukemia

types even on the samples with expected low blast content (first categorization of the BM of leukemic

patients that could guide investigators toward more detailed down-stream analyses);

• detecting residual clones in patients who underwent chemotherapy or bone marrow transplantation.

The use of WBD in research setting provide the advantage to obtain a comprehensive analysis of the human- in-

mouse graft in pre-clinical studies, fundamental for assessing the safety and efficacy of treatments and for

studying the biology of human hematopoietic system.

We seek a potential commercial partner with a strong expertise in research/clinical diagnostic tools to

further explore the use of the present method/kit in the diagnostic and reaserch field of hematological

disorders.

Patent information. An international patent application related to the invention was filed (not published yet).

A scientific article related to the invention has been published on Cytometry Part A (Basso-Ricci et al., 2017:

Multiparametric Whole Blood Dissection: A One-Shot Comprehensive Picture of the Human Hematopoietic

System).
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B u s i n e s s C o n t a c t  

Dr. Daniela Bellomo

Head of Business Development of Research

San Raffaele Hospital

Phone: +39 0226432729

E-mail: Bellomo.daniela@hsr.it

mailto:aiuti.alessandro@hsr.it
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