GOOD SCIENCE
BETTER MEDICINE
BEST PRACTICE

European Society for Mecical Oncology
Please complete all fields, sign and send all documents via E-mail to:

The European Society for Medical Oncology

E-mail fellowship@esmo.org

Recipient Information

Family name: BAUMANN First name: MICHAEL

Home Institute: Kantonsspital St. Gallen

Home Institute Mentor: Prof Thomas CERNY Mentor's Email: thomas.cerny@kssg.ch
Grant Information

Award Type: Clinical Research Year Award Received: 2010

Start date: 10/2010 End date: 09/2011

Project Title:

TREATMENT OF NATVE AND FLUDARABINE-REFRACTORY CLL IN THE TCL-1 MOUSE MODEL WITH
IPI-926 AND OTHER HEDGEHOG PATHWAY INHIBITORS

Host Institute Information

Host Institute Mentor: Mentor's Email:

Please provide logos of your home institute and the host institute and any photographs that may have
been taken at the host institute during the fellowship.

Introduction

1. Introduction

Recent publications have - both - raised the issue and challenged the significance of the hedgehog (Hh) pathway's role in B-Cell
malignancies such as Chronic Lymphacytic Leukemia (CLL).

Research on the Hh pathway and its inhibition has two totally distinct beginnings - one of this two different starting points was the
result of a thoroughly planned scientific experiment in developmental biology resulting in the discovery of the Hh gene as a factor in
body patterning in drosophila (1), the other a rather random one, just an observation by farmers in Idaho in the 1950ies, bothered by
high frequency of misshaped newborn sheep in their herds — which was finally refated to the ewe's ingestion of Veratrum

californicum, a lily containing cyclopamine which was recognized as a Hh pathway inhibitor, a SMOOTHEND(SMO)-inhibitor

specifically (2-5). The connection to cancer research was eventually established by the observation of pathogenetically relevant

mutations of PATCHED gene (a Hh pathway component) in familial and sporadic basal cell carcinoma (6, 7) as well as in
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medulloblastoma (8) - in-vitro testing revealed a potential role of Hh pathway inhibition in different tumor entities (9) and there is
report of in-human activitiy in medulloblastoma (10). Meanwhile, the role of the Hh pathway in different solid tumor entities is subject
of research.

The relevance of Hh signalling cascade (and its inhibition) in B-cell malignancies has been investigated by Dierks et al (1) -
revealing that Hh signalling seems to be a part of the pro-survival interaction between stroma and malignant lymphoma cells.
Cyclopamine inhibited lymphoma growth in-vitro and in mice injected with lymphoma cells.

Further investigation regarding the specific significance of Hh pathway in CLL seems interesting, as pathogenesis of CLL is in
particular dependent on microenvironmental factors (12).

A first report on in-vitro testing of Hh activity in CLL was indeed promising, showing that cyclopamine could abrogate pro-survival
stimuli of co-culture OMA-D cells on patient-derived CLL cells (13). Unfortunately, those early promising in-vitro data could not be
reproduced by Desch et al (14), suggesting that the effect of SMO-inhibitor cyclopamine was rather unspecific and off-target. In
addition, there was no consistent evidence of any up-regulation of Hh pathway components, questioning its significance in CLL.

The early promising data mentioned above, led us to investigate whether this in-vitro data could be transferred to a in-vivo CLL
mouse model. In addition to cyclopamine, we had another Hh inhibitor available for in-vivo testing, IPI-926, a compound with approx
8-fold potency regarding SMO-inhibition.

On the basis of its involvement in human T-PLL and some B-cell neoplasias, Johnson et al (15) developed a transgenic mouse
strain, where the TCL1-oncogene is set under control of B-Cell specific promoterfenhancer sequences, resulting in TCL1-
overexpression in the B-cells. After a variable latency period (median 8 months), this TCL1 transgenic mouse strain developes a
disease, that immunophenotypically and phenomenologically resembles human CLL.

The very similarity of the disease in TCL1-mice and in humans has its challenges as well - disease heterogeneity (regarding latency,
stage and disease course) hampers interpretation of results if only small numbers of mice are tested. We therefore planned to
investigate IPI-926 in a NOD-SCID mouse cohort, that was fransplanted with splenocytes of diseased TCL1-mice. This would also
allow, to test IPI-926 in a disease stage with low tumor-burden ~ as in a similar setting, promising data have been published
regarding IPI-926 treated NOD-SCID mice injected with a precursor B-acute lymphoblastic leukaemia cell ling (16).

While implementing our in-vivo testing, the above mentioned, more challenging data on in-vitro efficacy of Hh inhibition in CLL had
been published (14) — we therefore started to investigate in-vitro efficacy of IP1-926 in patient-derived CLL cells as well.

Methods and Results

2. Methods and Results

2.1, Test Cohort 1 of TCL1-mice: Technical Feasibility and Screening for Hh pathway activity

211, Aim;
* test technical feasibility of and gain experience in oral gavaging
* establish reproducible techniques in blood collection and analyses
*  establish mRNA-extraction of peripheral animal blood and its further processing
= screen (roughly) for Hh pathway acitivity
2.1.2. Methods:

e Test Cohort 1 with 6 mice (3 TCL1 positive, 3 TCL1 negative);
e IPI-926 40mg/kgKG po dalily;
*  blood collection and mRNA-extraction on d1 and d3;
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2.1.3. Results and Conclusions for next phase:

2.2,

2.21.

222

oral gavaging difficult, high mortality after 7 days (presumably due to gavaging) = necessaty to improve
gavaging technique (with help of Inifinity personal);

further refinement in terms of reproducibility of WBC analyses in peripheral blood necessary

qualitative mRNA-expression analyses show reduced BCL2-expression on d3 after start of IP1-926 application
in the two TCL-1 positive mice evaluable on d3 (see example below); these results need to be confirmed in
quantitative RT-PCR;

Mouse 1 (m1) tcl-1 positive:

Expression of mRNA before and on d3 of IPI-926 application
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Test Cohort 2 of TCL1-mice: Re-evaluation of meanwhile improved technical procedures,
confirmation of potentially IPI-926 associated changes in mRNA-expression

Aim:

Methods:

confirm dramatically reduced gavaging-associated mortality rate after training (by Infinity personal)

confirm improved WBC analyses; establish/confirm reproducible IgM+CD19+CD5+CD3- clone detection
confirm potentially IPI-926 associated changes in BCL2 mRNA-expression seen in test cohort 1; screen again
for changes in other Hh pathway components with refined blood collection and mRNA-extraction procedures
collect survival data in a TCL-1 mice population treated with IP1-926 +/- fludarabine

12 TCL-1 positive mice (cohort size might be extended after interim analyses), stratified for disease
stage/parameters (age, WBC, Clone size, activity, clinically visible ascites/splenomegaly)
Cohort divided in following treatment groups (3+ mice each):
o vehicle (HPBCD 5%) 40mgfkgKG d1,3,5q7d
fludarabine 34mg/kgKG d1-3q14d
IP1-926 40mg/kgKG d1,3,5q7d
Fludarabine/IPI-926 upfront combination (same doses/application intervals as above)
[Fludarabine upfront, IPI-926 maintenance after reduction of tumor load - group added, if cohort size
extended]
Endpoint assessment;
o WBC count 2x/week, IgM+CD19+CD5+CD3- clone size 2x7week, weight 1x/week
o mRNA-extraction (peripheral blood) 1x/week; RT-PCR (qualtitative, then quantitative) regarding Hh
components/targets (SMO, PTCH1, BCL2, CCND1, GLI1-3)

c0o0o0
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2.2.3. Results:
e Cohort accrual stopped after including 9 mice
»  Reasons for early termination of cohort:
= No sign of gross activity of IPI-926 in treated mice (see below)
* Heterogeneity of disease manifestation (predominantly leukemic vs splenomegalic), disease stage
and course in TCL1-mice precludes proof of moderate (or minor) activity of IPI-926 in a cohort of
reasonable sample size

= Any potential effect of IPI-926 on the self-renewal compartement of TCL1-disease might be obscured
in this cohort with in average high tumor burden

*  Noimprovement of WBC in IPI-926-treated mice (and no relevant change in fludarabine cohorts either)

WBC - mice treated with vehicle only WEBC - mice treated with fludarabine only
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s  No change in Clone Size;

»  mRNA expression analysis of hedgehog genes: No consistent results; technical problems with quantitative RT-
PCR might be the cause of this, however external re-evaluation (done by Infinity personal) neither did reveal
any consistent deregulation of mRNA-expression
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2.24. Conclusions for next step:
¢ in this tcl1-tg mice test cohort (#2), there is no sign of in vivo-efficacy of IPI-926; however, the small sample
size, an in average high tumor burden, and heterogeneity in disease stage might obscure any effect and have
to be considered in interpretation.

e the above mentioned problems might be circumvented by the use of NOD/SCID mice (homogenous disease)
and by a design, that is outlayed for smaller disease burden (cohort with preventive IPI-926, starting drug
application immediately after tcl1-leukemia transplantation into NOD/SCID mice) and a sufficient number of
mice.

23. Trial Cohort 1&2: Evaluation of IPI-926 in TCL1-transplanted NOD-SCID mice

231, Aim:
o Evaluate effects of IPI-926 on leukemic engraftment after tcl1-leukemia transplantation into NOD-SCID mice
(trial cohort 1 - preventive/mrd-setting)
* Evaluate effects of IPI-926 on survival of leukemic mice (using advantageous homogeneity of disease
presentation/course in NOD-SCID mice (with leukemia transplanted from TCL-1 mice) (trial cohort 2 -
therapeutic/mrd-setting)

23.2. Methods:

¢ Trial Phase 1 [see figure below]:
Two treatment groups (10-20 NOD/SCID mice per group):
treatment starts immediately after tcl1-leukemia transplantation
= Vehicle (HPBCD 5%) 40mg/kgKG d1,3,5q7d
= |PI-926 40mg/kgKG d1,3,5q7d
¢ Endpoint assessment (leukemic engraftment — time to leukemia onset):
= WBC count 1x/week, IgM+CD19+CD5+CD3- clone size 2x7week, weight 1x/week

e Trial Phase 2 (to be conducted only if any sign of efficacy of IPI-926 in phase 1) [see figure below]:
Two treatments groups (in total 10-20 NOD-SCID mice (with leukemia transplanted from leukemic TCL-1 mice))
= thorough observation of NOD-SCID mice regarding disease onset with regular WBC counts and
assessment of clonality
= debulking phase with fludarabine 34mg/kgBW d1-d5q28d after disease onset (WBC >30G/l or clone
size >30%)
* if response to debulking phase (WBC <30G/l), then 2 mrd-treatment groups (5-15 animals each
group): Treatment starting after disease onset (WBC>30G/I or clone size >30%)
= Vehicle (HPBCD 5%) 40mglkgKG d1,3,5q7d
= |PI-926 40mg/kgKG d1,3,5q7d

e Endpoint assessment (overall survival, time to progression):
= WBC count 2x/week, IgM+CD19+CD5+CD3- clone size 2x7week, weight 1x/week
* mRNA-extraction (peripheral blood) 1x/week; RT-PCR (qualitative, then quantitative) regarding Hh
components/targets (SMO, PTCH1, BCL2, CCND1, GLI1-3)
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IP1-926 in NOD-SCID mice transplanted with TCL1-mouse leukemia
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2.3.3. Results:
e Phase 1: Time To Leukemia Onset (TTLO)
= median TTLO for IPI-926 group: 36d
= median TTLO for vehicle/control group: not reached
= Log-Rank-Test (Cox-Mantel): p=0.03

Time to Leukemia Onset
1 » |
0.8 -.L
0.6 ot lI
0.4 :
]
0.2
o
3
5 .
0 20 40 60 80 100
days
s \fphiicle - IP1-926 X censored

*  no delaying effect regarding leukaemia onset through IPI-926 (in fact, there was even a
significant difference in favour of the control group)
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*  Phase 1: Overall Survival (0S)
= median OS for IPI-926 group: 65d
= median OS for vehicle/control group: 77d
*  Log-Rank-Test (Cox-Mantel): p=0.12

Overall Survival

08 !
L
’ ]

: 0]

0 20 40 60 80 100

e Vohide  ——IPlO26 X censored

= no difference regarding Overall Survial between groups treated with IPI-926 and
vehicle respectively

e Phase2:
= duetolack of any significant effect of IPI-926 in phase 1, phase 2 was not conducted (as
prespecified)

2.3.4. Conclusions:

*  There s no evidence of any effect of IPI-926 in this in-vivo model with NOD-SCID mice transplanted with
TCL1-splenocytes — absence of any effect in delaying disease onset if given as ‘prophylactic’ treatment, led us
to abandon further testing, not to go on into phase 2 respectively.

24. In-vitro Testing of IPI-926 (in co-culture with bone marrow stromal cells) - selection of results shown

241. Aim:
*  After controversial results in previous publications, we want to assess in-vitro efficacy of IPI-926 in lymphoid
cell lines and in patient-derived CLL cells in a limited sample number (n=5-10)
Additional testing of IPI-926's efficacy in a co-culture with bone marrow stromal cells (HS-5)
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2.4.2.1. Dose escalation of IPI1-926 in different lymphoid cell lines
a) Methods
24h-, 48h-, and 72h-viability assay (Annexin V/7ADD) after IPI-926 exposure (concentrations: 0.1, 0.25, 0.5, 1, 2.5, 5
and 10uM - DSMO <1%) in different lymphoid cell lines (MEC1, Raji, NALM-6) and patient-derived CLL cells

b) Results (only 48h and 72h shown)

Cell Lines (MEC1, NALM-6 and Raji) with IP1-926 (48h) Cell Lines (MEC1, NALM-6 and Ray) with IP1-926 (72h)
12 1 12
|
L | 10
= LLR i os
] I i
F o8 H 08
E 4 | '5 b4
a2 o2
oo oo il
DMSO 07uM D250M O50A1 1M 25uM Suh 10uM OMS0 DFub O25ubl DSuM oM Z5uM BuM T0uM
PL926 concantration | P1926 concentration
= H=2
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¢) Conclusion
Any effect on viability of the cell lines examined was visible at higher dose levels of IPI-926 only: MEC1 - the cell
line most akin to CLL — seems to be insensitive to IPI1-926

2.4.2.2. Viability of patient-derived CLL cells after IPI-926 exposure in combination with different conventional cytotoxics

a) Methods
24h- and 48h-viability assay (Annexin V/7ADD) in patient-derived CLL-cells: Exposure to IPI1-926 with/without co-
administration of fludarabine or bendamustine

b) Results {only 48h shown)

IP1-926 + Benda * Fludarabin (48h, n=5) i

100.0
90.0 |
80.0
70.0 +
60.0 |
500
400 -
300 |
200 -
10.0 +
0.0 |

DMS0O IPI-926 1uM  Benda 10uM IPI-926 1uM + Fludarabin  IPI-926 1uM + |
Benda 10uM 4um Fludarabin
4uM

¢) Conclusion
IPI-926 did affect CLL cell survival on its own and did not sensitize for effects of conventional cytotoxics




GOOD SCIENCE
m ' BETTER MEDICINE
BEST PRACTICE

turopean Soc ety for Mecical Oncology

2.4.24. Viability of patient-derived CLL cells after IPI-926 exposure in combination with different conventional cytotoxics

a) Methods
24h-, 48h-~, and 72h-viability assay (Annexin V/7ADD) in patient-derived CLL-cells after IP1-926 exposure (1uM)
with/without fludarabine (4uM) with/without B-Cell stimuli (BCR, IL-4, co-culture with HS-5 and CD40L-expressing

NIH cells)
b) Results
Viability pat-derived CLL cells (48h - n=2)
1.60 | i e i W native (mean)
1.40 — hI cang ﬂ =L ﬁ Fludara 2 uM
120 b & N r; H- 8 . = —— ! :. Ry
1.00 I g . | ES I[' i ’ | [ (mean)
i i i | IPI-926 1uM
0.80 — B 2 - s 3 £
! i - l ﬂ IPI-926 SuM
040 AT l| ........ i B 1 BEiE N " IP1-926 10ul
| |
020 g ; w IPI-926 1uM plus
.-| i Fludara 2um
0.00 s = M [P1-926 5uM plus
native BCR IL-4 Hs-5 CD40L Fludara 4uM

¢} Conclusion
Obvious pro-survival effects of BCR-, IL4- and CD40L-stimulation on patient-derived CLL cells were seen — as well
as significant cytotoxic effects of fludarabine, inhibited by CD40L-stimulation. No effect of IPI-926 — neither alone nor
in combination with fludarabine.
[HS-5 co-culture did not results in a clear pro-survival effect — probably due to a too small number of HS-5 cells used
— HS-5 number was increased in the following tests (with visible pro-survival effects — see below)]
Cave - very small sample size; initially, a sample size of n=5-10 was planned, but further analyses were canceled
due to negative results, lack of IPI-926 effects, in additional in vitro-analyses (see below).

2.4.2.6 Viability of patient-derived CLL cells after IPI-926 exposure in comparison to cyclopamine and in co-culture with
HS-5 bone marrow stromal cells

a) Methods
48h-, and 72h-viability assay (Annexin V/7ADD) in patient-derived CLL-cells after IPI-926 exposure (1uM) or
cyclopamine (5uM) with/without fludarabine (4uM) and with/without co-culture with sufficient amount of HS-5 bone
marrow stromal cells
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b} Results

25

IP1-926 in HS-5 co-cultured CLL cells (48h, n=5)
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IP1-926 in HS-5 co-cultured CLL cells (72h, n=5)
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¢) Conclusion
Although cyclopamine did show a (significant) tendency to reduce viability in patiented-derived CLL cells (p=0.004,
native vs Cyclopamine 5uM), this effect was abrogated in the co-culture setting with HS-5 bone marrow stromal cells
— whichis, in fact, quite contrary to the suggestion, that smoothend inhibition through cyclopamine would alter
stroma/CLL cell interaction. IPI-926 did not at all alter CLL-cell survival in vitro.

Discussion/Conclusion

3. Discussion

On the basis of early promising in vitro-data on Hh-inhibition in CLL (13), we have investigated the potent SMO-inhibitor IPI-926 in
an in vivo model, ie in a TCL1-mouse model. However, the disease TCL1-mice develop does not only express a quite similar
immunophenotype and is not only reportedly sensitive to conventional cytotoxics used in human CLL (15), but also shows the
typically diverse disease manifestations (leukemic vs lymphomatous) and a variable disease course (indolent vs rather aggressive)
as its human counterpart - this diversity is an obvious finding when breeding TCL1-mice, although the biologic characteristics of
murine TCL1 leukemia match more to the ones of an aggressive form of human CLL (17).

Our - admittedly small — TCL1 test cohort, did not indicate any effect of SMO-inhibition on prespecified disease parameters or on
disease course. Instead of that, this test cohort did reveal the difficulty in the use of TCL1-mice as an in vivo-model. It is above all,
the heterogeneity of disease manifestation and course, which hamper the reliable interpretation of in vivo-data in moderate sample
sizes.

The use of a TCL1-SCID transplant mouse model is a pragmatic approach to this problem ( 18), resulting in a more homogeneic
test population on the one hand, and allowing to test a therapeutic intervention in a low-volume or even pre-symptomatic disease
stage on the other hand. The latter probably provides a even more sensitive setting for efficacy testing.

However, unfortunately we did not detect any benefit of IPI-926 in our test cohort of 25 successfully transplanted NOD-SCID mice
- neither regarding Time to Leukemia Onset (TtLO) nor Overal Survival. Comparison of TtLO even showed significance to the
detriment of the mice treated with IPI-926.

Several restraints of interpretation of these observations have to be mentioned: The homogeneity of disease achieved by the
transplantation of splenocytes from a small number of diseased TCL1-mice to a larger number of NOD-SCID mice, does include
the possibility, that a subset of TCL1-mice - which were not chosen as a leukemia donor to NOD-SCID mice — still might respond
to SMO-inhibition. In addition, the disease of the TCL1-mice used as leukemia donor usually was very advanced - potentially
leading to the transplantation of highly malignant and resistant clones, masking any effect of SMO-inhibition, even in the low tumor
burden setting.

Notwithstanding these limitations, we would have expected to detect any impact of IPI-926 on disease course in this sensitive
setting; so our observation renders any relevant cytotoxic, pro-apoptotic or microenvironmental-depriving in vivo-effect unlikely.

Our in vitro-data on SMO-inhibition correspond to this absence of efficacy found in in vivo-testing: Although Cyclopamine reduced
viability of patient-derived CLL cells, this effect was abrogated in co-culture setting with bone marrow stromal cells — which is, in
fact, quite contrary to the suggestion, that SMO-inhibition through cyclopamine would alter stroma/CLL cell interaction. Thus, an
off-target effect seems likely - in addition, the more potent SMO-inhibitor IP1-926 did not ater CLL cell viability at all.

The recent report by Decker et al (19) offers a conclusive explanation for the somehow controversial in vitro-results regarding
SMO-inhibition in CLL in different publications (13, 14)); they found a highly diverse level of Hh pathway activity in CLL, where only
~30% of bone marrow samples in CLL express GLI1 in immunohistochemistry. Only the subgroup of CLL cells with trisomy 12 and
high GLI1-expression did respond to SMO-inhibition. Moreover, in co-culture with bone marrow stromal cells, this pro-apoptotic
effect was abrogated even in responding CLL cells. It was hypothesized, that enhanced Hh ligand secretion by the
microenvironment (as a result of a negative feedback loop initiated by SMO-inhibition in the stromal cells) led to pronounced
ligand-binding on PATCHED-receptor, what overruns downstream SMO-inhibition in the CLL cell by a non-canonical pathway (via
ERK), bypassing inhibited SMO, leading to continuing activation of pro-survival target genes. This concept was confirmed
conclusively by evidence of efficacy in the co-culture setting of a monoclonal antibody antagonizing PATCHED (leading to an
inhibition more upstream of the signaling cascade) on one side, and by proof of efficacy of a dual inhibition = SMO and ERK
(leading to additional inhibition of the non-canonical pathway) - on the other side (19).




GOOD SCIENCE
BETTER MEDICINE
BEST PRACTICE

BM

European Society for Mecical Oncology

Our own data has much too small sample sizes to investigate specific subgroups of CLL - in fact, it did not include any CLL cells
with known trisomy 12,

Besides a potential direct (cytotoxic or pro-apoptotic) or indirect (through reduction of microenvironmental support) effect of Hh
inhibition, there are some considerations on relevance of the Hh pathway activity in (malignant) stem cell niche. Hh pathway
activity has been found in ber-abl positive human leukemic stem cells (20, 21), but not in notch1-mediated T-ALL(22), MLL-AF9-
mediated AML (23) and not in physiologic hematopoiesis (22-24). Again, Lin et al (16) have investigated SMO-inhibition in a
mouse model for B-ALL: After injection of human B-ALL cells into NOD-SCID mice, IPI-926 could not avert progression to
leukemia, but - quite interesting - could prevent engraftment during secondary transplantation from these mice to further NOD-
SCID mice (the latter were not treated with IPI-926). Thus, a detrimental effect of SMO-inhibition on the self-renewal subpopulation
was postulated. This observation was our rationale to consider testing for any effect of IPI-926 in a minimal residual disease
sefting. However, the overall picture — including the relativising data meanwhile published (14) and our own somewhat
disappointing results with this compound in CLL — brought us to suspend further in vivo-testing. Additional in vitro-evidence of the
existence of a malignant stem cell in CLL (and its dependance on Hh activity) need to precede further in vivo-investigation.

In summary, we did not find - neither in our in vitro- nor in our TCL1-SCID transplant mouse model — any hint on activity of SMO-
inhibition in CLL. More recent preclinical data (19) suggests, that some subgroups of CLL (ie trisomy 12 and those with high GLI1-
expression) might profit from Hh pathway inhibition — which should be achieved rather by a direct inhibition of the Hh ligand
receptor PATCHED (or by dual SMO-/ERK-inhibition) than by sole SMO-inhibition. Apart from the doubtlessly highly interesting
pathogenetic insights gained recently, the future clinical relevance of Hh inhibition in CLL — even in the subgroup mentioned — is
debatable.

References

1. Nusslein-Volhard C, Wieschaus E. Mutations affecting segment number and polarity in Drosophila. Nature. 1980 Oct 30;287(5785):795-801.

2. Binns W, James LF, Shupe JL, Everett G. A Congenital Cyclopian-Type Malformation in Lambs Induced by Matemal Ingestion of a Range Plant, Veratrum
Californicum. Am J Vet Res. 1963 Nov;24:1164-75.

3. Binns W, Thacker EJ, James LF, Huffman WT. A congenital cyclopiantype malformation in lambs. J Am Vet Med Assoc. 1959 Feb 15;134(4):180-3.

4. Keeler RF. Toxic and Teratogenic Alkaloids of Western Range Plants. J Agr Food Chem. 1969;17(3):473-82.

5. Incardona JP, Gaffield W, Kapur RP, Roelink H. The teratogenic Veratrum alkaloid cyclopamine inhibits sonic hedgehog signal transduction. Development.
1998 Sep;125(18):3553-62.

6. Gailani MR, Stahle-Backdahl M, Leffell DJ, Glynn M, Zaphiropoulos PG, Pressman C, et al. The role of the human homalogue of Drosophila patched in
sporadic basal cell carcinomas. Nat Genet. 1996 Sep;14(1):78-81.

7. Hahn H, Wicking C, Zaphiropoulous PG, Gailani MR, Shanley S, Chidambaram A, et al. Mutations of the human hemalog of Drosophila patched in the nevoid
basal cell carcinoma syndrome. Cell. 1996 Jun 14:85(6):841-51.

8. Pietsch T, Waha A, Koch A, Kraus J, Albrecht S, Tonn J, et al. Medulloblastomas of the desmoplastic variant carry mutations of the human homologue of
Drosophila patched. Cancer Res. 1997 Jun 1;57(11):2085-8.

9. Taipale J, Chen JK, Cooper MK, Wang B, Mann RK, Milenkovic L, et al. Effects of oncogenic mutations in Smoothened and Patched can be reversed by
cyclopamine. Nature, 2000 Aug 31;406(6799):1005-9.

10. Rudin CM, Hann CL, Laterra J, Yauch RL, Callahan CA, Fu L, et al. Treatment of medulloblastoma with hedgehog pathway inhibitor GDC-0449. N Engl J Med.
2009 Sep 17;361(12):1173-8.

1. Dierks C, Grbic J, Zirlik K, Beigi R, Englund NP, Guo GR, et al. Essential role of stromally induced hedgehog signaling in B-cell malignancies. Nat Med. 2007
Aug;13(8):944-51,

12. Burger JA, Ghia P, Rosenwald A, Caligaris-Cappio F. The microenvirenment in mature B-cell malignancies: a target for new treatment strategies. Blood. 2009
Oct 15;114(16):3367-75.

13. Hegde GV, Peterson KJ, Emanuel K, Mittal AK, Joshi AD, Dickinson JD, et al. Hedgehog-induced survival of B-cell chronic lymphocytic leukemia cells in a
stromal cell microenvironment: a potential new therapeutic target. Mol Cancer Res. 2008 Dec;6(12):1928-36.

14. Desch P, Asslaber D, Kem D, Schnidar H, Mangelberger D, Alinger B, et al. Inhibition of GLI, but not Smoothened, induces apoptosis in chronic lymphocytic
leukemia cells. Oncogene. 2010 Sep 2;29(35):4885-95.

15. Johnson AJ, Lucas DM, Muthusamy N, Smith LL, Edwards RB, De Lay MD, etal. Characterization of the TCL-1 transgenic mouse as a preclinical drug
development tool for human chronic lymphacytic leukemia. Blood. 2006 Aug 15;108(4):1334-8,

16. Lin TL, Wang QH, Brown P, Peacock C, Merchant AA, Brennan S, et al. Self-renewal of acute lymphocytic leukemia cells is limited by the Hedgehog pathway
inhibitors cyclopamine and IPI-926. PLoS One. 2010;5(12):e15262.

17. Yan XJ, Albesiano E, Zanesi N, Yancopoulos S, Sawyer A, Romano E, et al, B cell receptors in TCL1 transgenic mice resemble those of aggressive,
treatment-resistant human chronic lymphocytic leukemia. Proc Natl Acad Sci U S A. 2006 Aug 1;103(31):11713-8.

18. Hertlein E, Wagner AJ, Jones J, Lin TS, Maddocks KJ, Towns WH, 3rd, et al. 17-DMAG targets the nuclear factor-kappaB family of proteins to induce
apoptosis in chronic lymphocytic leukemia: clinical implications of HSP90 inhibition. Blood. 2010 Jul 8:1 16{1):45-53.

19. Decker S, Zirik K, Djebatchie L, Hartmann D, lhorst G, Schmiti-Grasff A, et al. Trisomy 12 and elevated GLI1 and PTCH1 transcript levels are biomarkers for
Hedgehog-inhibitor responsiveness in CLL. Blood. 2012 Jan 26;119(4):997-1007.

20. Dierks C, Beigi R, Guo GR, Ziik K, Stegert MR, Manley P, et al. Expansion of Ber-Abl-positive leukemic stem cells is dependent on Hedgehog pathway
activation. Cancer Cell. 2008 Sep 9;14(3):238-49,

21. Zhao C, Chen A, Jamieson CH, Fereshteh M, Abrahamsson A, Blum J, et al. Hedgehog signalling is essential for maintenance of cancer stem cells in myeloid
leukaemia. Nature. 2009 Apr 9;458(7239).776-9.




Q00D SCIENCE
BETTER MEDICINE
SEST MRACTICE

ropesn Secrely fer Mecical Oncology

22. Gao J, Graves S, Koch U, Liu S, Jankowic V, Buonamici S, et 8l Hedgehog signaling is dispensable for adull hematoposetic stem cell funclion. Ceil Stem Cell
2009 Jun 5:4(6) 548-58

23 Hofmann |, Stover EH, Cullen DE. Mao J. Morgan KJ, Lee BH, et al Hedgehog signahing 1s dispensable for adult munne hematoposetic stem cell tunction and
hemaloposests. Ceil Stem Cell. 2009 Jun 5.4(6):559-67

24. Gao J. Aifantis | Hedgehog and hemaloposetic stem cel diffecentiation gon't believe the hype! Cell Cycie 2009 Dec 8(23) 3789-90

SIGNATURES . ==
Award Recipient Signature and Date

St. Gallen, 01.

L=

Kantonsspital .L:/]: Gallen

CH-9007 St. Ggllen

Switzerland
Research Mentor Signature and Date

Munich/Cologne, Ab.OA .2 DA
g

Prof. Dr. Clemens-Martin Wendtner

Laboratory of Molecular Biology and Immunology of CLL
University Hospital of Cologne

D-50937 Kéln (Cologne)

L

- B ]




