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Adults leukemia and lymphoma incidents in 2014

Leading New Cancer Cases and Deaths - 2014 Estimates

Estimated New Cases* Estimated Deaths
Male Female Male Female
Prostate Breast Lung & bronchus Lung & bronchus
233,000 (27 %) 232,670 (29%) B6,930 (28%) 72,330 (269%)
Lung & bronchus Lung & bronchus Prostate Breast
116,000 (14%) 108,210 (13%) 29,480 (10%) 40,000 (15%)
Colon & rectum Colon & rectum Colon & rectum Colon & rectum
71,830 (B%) 65,000 (8%) 26,270 (8%) 24,040 (9%)
Urinary bladder Uterine corpus Pancreas Pancreas
56,390 (7%) 52,630 (%) 20,170 (7%) 19,420 (79%)
Melanoma of the skin Thyroid Liver & intrahepatic bile duct Ovary
43,890 (5%) E

Kidney & renal pelvis

Non-Hodgkin lymphoma

Leukemia Leukemia

32,530 (4%) 14,040 (5%) 10,050 (4%)
Melanoma of the skin =TT T COTRLS
32,210 (4%) 12,450 (4%)
Kidney & renal pelvis Urinary bladder Ton-Hodgkin lymphorm
24, 780 (3%) 9 8,520 (3%)
Leukemia Pancreas on-Hodgkin lymphors TEpatT bile duct
30,100 (4%) A 10,470 (3%) 7,130 (3%)
2 Kidney & renal pelvis Brain & other nervous system
24,600 (3%,) 8,900 (3%:) 6,230 {2%)
All sites All sites All sites All sites
855,220 (100%) 810,320 (100%) 310,010 (100%) 275,710 (100%)

*Excludes basal and squamous cell skin cancers and in situ carcinoma except urinary bladder.

©2014, American Cancer Society, Inc., Surveillance Research

From 2006 to 2010, overall leukemia incidence rates
increased slightly (by 0.5% per year).

http://www.cancer.org/acs/groups/content/@research/documents/webcontent/acspc-042151.pdf



The most common cancers among children and adolescents

Estimated Cases for Childhood and Adolescent Cancers, US, 2014

Children (Ages 0-14)

Acute lymphocytic leukemia
2,670 (26%:
Brain and CMS
2,240 (21%)
Meuroblastoma*

on-Hodgkin lymphoma
620 (6%)

LY " or
Acute myeloid leukemia
500 (5%)

Bone tumors®

Hodgkin lymphoma
380 (4%)
Rhabdomyosarcoma

340 (3%)
Retinoblastoma
280 (3%)
All sites
10,450

Estimates are for malignant cancers only and are rounded to the nearest 10. In addition, 730 children and 630 adolescents will be diagnosed with benign and borderline brain tumars in 2014,

CNS = central nervous system
* Includes ganglioneurablastoma.
tBone tumnars include ostecsarcoma and Ewing sarcoma.

Adolescents (Ages 15-19)

Hodgkin lymphoma
800 (15%)
ThyronT caremoma

570 (11%)

Brain and CNS
540 (10%)

Testicular germ cell tumors
430 (8%)
Mon-Hodgkin lymphoma

— ?4.!.(;]".' F—

Acute lymphocytic leukemid
410 (8%)

Bone tumaors!
370 (7%)
Melanoma

Acute myeloid leukemia
230 (4%)

Ovarian ge

110 (29%)
All sites
5.330

©2014, American Cancer Society, Inc.

About 40 % of all cancer incidents in children

are leukemias and lymphomas

http://www.cancer.org/acs/groups/content/@research/documents/webcontent/acspc-042151.pdf




Hemopoiesis is the proliferation and differentiation of the
formed elements of blood
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The human leukemia and lymphoma WHO classification

Table 2. WHO classification of myeloid neoplasms and acute
leukemia
Myeloproliferative neoplasms (MPN)

Chronic myelogenous leukemia, BCR-ABL 1—positive

Chronic neutrophilic leukemia

Polycythemia vera
Primary myelofibrosis Acute myelold leukemia and related neoplasms
Essential thrombocythemia Acute myeloid leukemia with recurrent genetic abnormalities
Chronic eosinophilic leukemia, not otherwise specified AML with t{8;21)(g22;q22); RUNX1-RUNX1TT
Mastocytosis AML with inv(186){p13.1922) or {(16;16){p13.1;922); CBFB-MYH1 1
Myeloproliferative neoplasms, unclassifiable APL with t{15;17){q22:q12); PML-RARA
Myeloid and lymphoid neoplasms associated with eosinophilia and AML with 1(2:11)(p22;q23); MLLT3-MLL
abnormalities of PDGFRA, PDGFRB, or FGFRT AML with 1(6;9)(p23;q34); DEK-NUF214
Myeloid and lymphoid neoplasms associated with PDGFRA rearrangement AML with inv(3)(g21q26.2) or 1{3;3)(q21;926.2); RPN1-EVI{
Myeloid neoplasms associated with PDGFRE rearrangement AML (megakaryoblastic) with t{1:22)(p13;q13); REM15-MKL1
Myeloid and lymphoid neoplasms associated with FGFRT abnormalities Provisional entity: AML with mutated NPM1
Myelodysplastic/myeloproliferative neoplasms (MDS/MPN) Provisional entity: AML with mutated CEBPA

Chronic myelomonocytic leukemia
Atypical chronic myeloid leukemia, BCR-ABL 1-negative

Acute myeloid leukemia with myelodysplasia-related changes
Therapy-related myeloid neoplasms

Juvenile myelomenocytic leukemia Acute myeloid leukemia, not otherwise specified Table 2. WHO classification of myeloid neoplasms and acute
Myelodysplastic/myeloproliferative neoplasm, unclassifiable AML with minimal differentiation leukemia (continued)
Provisional entlly: refractoly anemia with ring sideroblasts and thrombocytosis AML without maturation Acute leukemias of ambiguous/lineage
"":g;"'“;:; '?:r:;zml:j} < ayepiasia AML with maturation Acute undifferentiated leukemia
F:enac:iw anfmia e &GUT& myelomonocytic leukemia Mixed phenotype acute leukemia with t(9;22)(q34;q11.2); BCR-ABL1
Raimetoey nestopesis J?Lcute monoblastic/monocytic leukemia Mixed phenotype acute leukemia with t{v; 11923); MLL rearranged
Refractary thmmbocqupenia Acute erythroid leukemia Mixed phenotype acute leukemia, B-myeloid, NOS
Pure erythraid leukemia Mixed phenotype acute leukemia, T-myeloid, NOS
Erythroleukemia, erythroid/myeloid Provisional entity: natural killer (NK) cell lymphoblastic leukemiadymphoma
Acute megakaryoblastic leukemia B lymphoblastic leukemiallymphoma
Acute basophilic lsukemia B lymphoblastic leukemialymphoma, NOS
Acute panmyelosis with myelofibrosis B lymphoblastic leukemialymphoma with recurrent genetic abnormalities
Myeloid sarcoma B Iymphoblastic leukemia/lymphoma with 1{9;22)(q34;q11.2);BCR-ABL 1
Myeloid proliferations related to Down syndrome B Iymphoblastic leukemia/lymphoma with t{v;11g23);MLL rearranged
Transient abnormal myelopoiesis B lymphaeblastic leukemia/lymphoma with t(12;21){p13:g22) TEL-AML1T
Myeloid leukemia associated with Down syndrome (ETVB-RUNXT)
Blastic plasmacvtoid dendritic cell neoplasm B lymphoblastic leukemia/lymphoma with hyperdiploidy

B lymphoblastic leukemia/lymphoma with hypodiploidy
B lymphoblastic leukemia/lymphoma with t(5:14){g31:932) IL2-IGH
B lymphoblastic leukemia/lymphoma with t(1:13){g23:p13.3); TCF3-PBX1
T lymphoblastic leukemia/lymphoma
Vardiman J. et al.: The 2008 revision of the World Health Organization (WHO) classification of myeloid neoplasms and acute leukemia: rationale anc

important changes Blood Jul 2009, 114 (5) 937-951; DOI: 10.1182/blood-2009-03-209262



What causes leukemia and lymphoma ¢

Genetic aberrations

. Signal fransduction
Progenitor cell
Transcription factors

. Growth factors

‘ Epigenetic disorder

MiRNA

mMiRNAs have important role in the development of Leukemia cell

chemosensitivity or chemoresistance in cancer
including leukemia and lymphoma




Treatments of human leukemia and lymphoma

AML CML Lymphoblastic leukemias and lymphomas
Acute myeloid leukemia Chronic myelogenous leukemia
* idarubicin * tyrosine kinase inhibitors * antimetabolites; 6 - mercaptopurine,

* cytosine arabinoside imatinib (Gleevec), dasatinib fludarabine, methotrexate
* topoisomerase inhibitors; idarubicin,
daunorubicin and doxorubicin, etoposide
* alkylating agents; cyclophosphamide
* allkaloidy vinca; vincristine and vinblastine
* monoclonal antibodies; rituximab ,

alemtuzumab, gemtuzymab




The role of vitamin D in the inhibition of malignant cell
proliferation in hematological malignancies is indicative
of its future use in cancer therapy

Clinical trials of vitamin D, derivatives, analogs in high dose treatments and combination treatments.

Treatment Malignancy No. of Administration Conclusion Ref.
patients
Vitamin 1,25{0H).D+ MDS 18 Oral, 2 pg/day Seven patients developed leukemia by end of [119]

12 weeks; eight patients developed hypercalcemia;
no enduring therapeutic effect

Low dose ara-C, MDS, AML 62 A 50% responded favorably to the combination of [118]
interferon-o, Vitamin IFN, Vit Dy and retinoic acid; marrow hypoplasia
1(0OH)D+, retinoic seen only in 5 out of 27 patients; treatment
acid combination potentially toxic
Vitamin 1{0H)Dy MDS, AML, B8 2,1 Oral, 0.25-10 pg/day Three patients had partial response, three patients  [121]
CML had minor response, rest of the patients did not

respond; hematological improvement of 6
responders lasted 1 to 2 months; no hypercalcemia

seen
Low dose ara-C, 13-cis- MDS, AML 63, 15 18 (26.1%) Responded to therapy; disease [122]
retinoic acid (13- progressed from MDS to AML in 12 out of 27
CRA), Vitamin patients receiving only ara-C; disease progressed in
1{0OH)Dy 6 out of 29 patients receiving 13-CRA and 1{OH)Ds;

therapeutic effects of 13-CRA and 1{0H)D; on MDS
not supported by this study
Vitamin 1{0H)Dy NHL 34 Oral, 1 pg/day Complete response seen in four patients, partal [123]
(Alfacalcidol) response seen in four patients; 24% overall response
rate; median duration of response 14 months;
stabilization of disease in 10 patients (29%),
progression to tumor in 16 patients (47%)

Low doses of ARA-C, AML A 17% complete remission, 45% reached only a [115]
Vitamin 1{0H)Dy partial remission; cell differentiation seen in 7 out
of 11 patients
Prednisone, Vitamin MDS Long-lasting hematological remission [124]
1,25{0H);D4, 13-cis-
retinoic acid
Vitamin Dy MDS 30 Oral, 4-6 pg/day 7 out of 15 in nontreatment group developed acute  [125]

leukemia, versus only 1 out of 15 receiving
treatment progressed into leukemia

Cytarabine, AML 29 Oral 13 Patients (45%) obtained complete remission, 10 [116]
hydroxyurea, patients (34%) had a partial response, overall 79%
Vitamin 1,25(0H D4 response rate; median remission 9.8 months, overall

Kim M. et al.: Application of vitamin D and derivatives in hematological malignancies. Cancer Letters, 319; 8-22; 2012



First therapy using retinoic acid to differentiate the

human leukemia cells

Proc. Natl. Acad. Sci. USA
Vol. 77, No. 5, pp. 2036-2940, May 1980
Medical Sciences

Induction of differentiation of the human promyelocytic leukemia

cell line (HL-60) by retinoic acid*

(retinoids/myeloid differentiation/hematopoiesis)

T. R. BREITMAN, STUART E. SELONICK', AND STEVEN ]. COLLINS#
Laboratory of Tumor Cell Biology, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20205

Communicated by Marshall Warren Nirenberg, January 31, 1950

ABSTRACT  The HL-60 cell line, derived from a patient with
acute promyelocytic leukemia, proliferates continuously in
suspension culture and consists predominantly (>90%) of
promyelocytes. These cells can be induced to dirferenliale to
morphologically and functionally mature granulocytes by in-
cubation with a wide variety of compounds, including butyrate
and hypoxanthine and polar planar compounds such as dimethyl
sulfoxide and hexamethylene bisacetamide. We have now found
that retinoic acid (all-trans-retinoic acid) induces differentiation
(as measured morphologically and by the ability to reduce ni-
troblue tetrazolium) of HL-60 at concentrations as low as 1 nM.
Maximal differentiation (approximately 90%) occurs at 1 uM,
a concentration 1/500th to 1/160,000th the concentrations of
butyrate (0.5 mM) and dimethyl sulfoxide (160 mM) that promote

a similar increase in differentiation. Continuous exposure to

induced HL-60 cells have many of the fi
of normal peripheral blood granulocyt:
tosis, complement receptors, chemot
reduce nitroblue tetrazolium (NBT) (1
line provides a unique system for stu
differentiation in vitro.

In the present report we describe the
differentiation of HL-60 cells by retinoi
induces differentiation of HL-60 cells at
to 1/160,000th the concentrations of ot
suggests a new approach to the therapy
mias and indicates that retinoids may
ferentiation of certain hematopoietic t:



Witamin D active form calcitriol induces differentiation of
human leukemia cells

Proc. Natl Acad. Sci. USA
Vol. 78, No. 8, pp. 49904994, August 1981
Cell Biology

Differentiation of mouse myeloid leukemia cells induced by

la,25-dihydroxyvitamin Dy

(vitamin Dy/1a-hydroxyvitamin Dy/macrophage,/lysozyme activity/phagoeytic activity)

Etsuko ABE*, CHIsATo MIvauRA*, HirosHI Sakacamit, Mivoru Takepat, Kunio Konnot,

TOHRU YAMAZAKI?, SHUSAKU YOSHIKIY, AND TATSUO SUDA*S

[}epartmnlofﬂln&lemmry Sr:hmiol‘Dentlsu'y *Depart of Bioch . School of Medicine, and $Degs of Oral Pathology, School of Dentistry,
Tokyo 142, Japan
C icated by S Hagiwara, April 21, 1981
ABSTMCT Mouse myeloid leukemia cells can be i d to MATERIALS AND METHODS
diff into h in vitro by le Mydrmyw

tamin Dy, the active form of vitamin D3, The minimal concentra-
tion of 1a,25-dihydroxyvitamin D, to induce the cell differentia-
tion was 0.12 nM. The degree of cell differentiation in various
markers induced by 12 nM 1,25-dihydroxyvitamin D, was nearly
quivalent to that induced by 1 uM d 1 the most po-
tent known stimulator. Among several markers of the differentia-
tion by la,25-dihydroxyvitamin Dy, phagoeyhe activity was in-
duced within 24 hr, and this was followed by induction of |
and locomotive activities. Similar nhanges were also induced by
0.01-1 pM la-hydroxyvitamin D,. 25-Hydroxyvitamin D, and
24R,25-dihydroxyvitamin D, showed only weak inducing activity.
These results suggest the posnbi]lty I]l.nl, in s.ddlhnn to its well-
known biological activities in enk ium trans-
port and bone mineral mobilization, 1a,25-dihydroxyvitamin D,
is involved in the differentiation of bone marrow cells.

Vol. 102, No. 3, 1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
October 15, 1981 Pages 937-943

1a, 25~-DIHYDROXYVITAMIN D3 INDUCES DIFFERENTIATION
OF HUMAN MYELOID LEUKEMIA CELILS

Chisato Miyaura, Etsuko Abe, Takeo Kuribayashi, Hirofumi Tanaka,
Xunio Xonno!, Yasuho Nishii¥ and Tatsuo Snda*

Department of Biochemistry, School of Dentistry, and

tDepartment of Biochemistry, School of Medicine, Showa University
1-5-8 Hatanodai, Shinagawa-ku, Tokyo 142, and

TResearch Laboratories of Chugai Pharmaceutical Co. Ltd.,
3-41-8 Takada, Toshima-ku, Tokyo 171, Japan.

Received August 27, 1981



One of such active and less toxic vitamin D analog is
1,24-dihydroxyvitamin D5, tacalcitol (1,24-(OH),D;)

HOY

I/,"

OH

OH

tacalcitol- PRI-2191

PRI-2191

http://www.huidziekten.nl/zakboek/dermatosen/ptxt/Psoriasis.ntm

Dose (ug/kg/day) Caleitriol 1.24-(OH)D3
N Calcium level (mEq/L) £+ S.D. N Calcium level (mEq/L) £+ S.D.
Subcutaneous route
1 3 61102 3 52403
1 3 5.6 £ 0.06 2 4.9 4+0.07
10 & 7.6+0.1 3 6.8 +£0.52
10 3 6.0x£0.1 3 5603
80% propylene glycol 4 4.6 £0.1mEq/L
Oral route
1 2 4.6+ 0.0° 2 4.6+0.1
1 3 46+0.1¢° 3 44402
10 4 6405 4 5.3 £ 0.05%¢
10 4 5.3 0,05 4 5.0£0.20
80% propylene glycol 6 4.1 £04mEqL
Untreated 5 3.6 £0.1mEqL

Calcium level [mEq/L]
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control
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Wietrzyk J. et al.: Toxicity and antineoplastic effect of (24R)-1,24-dihydroxyvitamin D3 (PRI-2191), Steroids 69 , 629-635, 2004

PRI-2191



Genomic and non-genomic responses of vitamin D
receptor binding to 1,25(0OH),D,

@ 1250H)0

Plasma membrane \ w — 0
t | [ %
/ Signal transduction

| Rapid non-genomic responses

_J

Nucleus
—= Calcitropic effects

—= Immunomodulatory effects

—> Antiproliferative effects

Targetgene '—> Pregnancy related effects

Slow genomic responses

Shin J. et al.: Vitamin D effects on pregnancy and the placenta. Placenta 31; 1027-1034; 2010



Vitamin D target genes are involved in diverse molecular
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Feldman D. et al.: The role of vitamin D in reducing cancer risk and progression. Nature Reviev, 12 (314-320), 2014



The infracellular concentration of calcitriol is determined
by cytochrome P450 enzyme CYP24A1

Blood
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Vitamin D target cell
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Prosser D. and Jones G.: Enzymes involved in the activation and inactivation of vitamin D. Trends in Biochemical Sciences, 29, 12:2004



MicroRNAs can function as tumour suppressors and
oncogenes

MicroRNA functioning as a
TUMoUr SUppressor
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Esquela-Kerscher A. and Slack F.: Oncomirs — microRNAs with a role in cancer. Nature Rewievs, Cancer 6, 2006



The targets of miR-125 are involved in different types of
disease pathogenesis

Proliferation:
/ ABTB1 MMP11 VEGFA MMP13,
/ Bcl3, ERBBE2/3,LIN28B,MCL1,
ILBR,E2F3,¢-Jun STAT3,

/ TP53INP1 EST1,Bak1,HUR FGFR2 400
/ _ miR-125b
Metastasis: . —@— Vehicle
MMP11,VEGFA,
MMP13,ARID3B, ERBB2/3, o ~l- 1.25(0H)2Ds f
LIN28B,c-Jun, STATS, §' 3001 control
TP53INP1,STARD13,Rock1, ;
. o o (O Vehicle
g’-‘ ~{}-1,25(CH)zDs T E1]
‘© 2004
Immune: g
KIf13,0RP9, 4E-BP1, « 1
- BLIMP-1,IRF4, TNFa, TNF 6
Differentiation: 100
IGF2, DICERY1, 2 e
ST18, LIN28A, (| REE
CBFB, ARID3a . %
. 0 T T T
- —
- . Pro-Apoptosis: 48 72 96
Anti-Apoptosis: P53INP1,TNFAIP3, B, .
MUCT1, Mcl-1, Bel-w, Bel2 Puma.p38a, Bak1, p53 Time (hr)

Antiproliferative effects of 1,25(0OH),D,
in MCF-7 cells

Sun Y. et al. Diverse functions of miR-125 family in different cell contexts. Journal of Hematology & Oncology 2013, 6:6
Mohri T. et al. :MicroRNA regulates human vitamin D receptor. Int. J. Cancer: 125, 1328-1333 (2009)
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Differences between sensitivity of leukemia and

lymphoma cells to calcitriol and its analog

Human myeloid leukemia and lymphoma cells

HL-60 — acute promyelocytic leukemia (M2)
KG-1 - acute promielocytic leukemia (M1)
K562 — chronic promielocytic leukemia (Mé)

MV-4-11 - bifenotype mielomoncytic leukemia (M5)

Thp-1 - acute monocytic leukemia (M)

Daudi — Burkitt's lymphoma

Raji — Burkitts lymphoma

Jurkat — acute T cells lymphoma
U2932 - diffuse large B-cell ymphoma

_

IC50 nM HL-60

Thp-1 MV-4-11

calcitriol 42,40 £ 14,47
tacalcitol (PRI-2191) 8,7+2,4

39,22 + 19,50 21,49 + 6,32
6,43 +2,3 2,77 £0,99

Proliferation inhibiton (%) K562 KG-1 U,ss,

Jurkat Daudi Raji

calcitriol 1000 nM 30,12 + 13,83 1,25+1,77 6,09 + 8,61
tacalcitol (PRI-2191) 1000 nM 32,16 + 10,06 18,27 + 6,24 0,48 £ 0,68

11,24+ 7,71 19,75 + 14,40 23,55 £ 0,44
17,72 + 2,14 11,70 + 13,99 27,64 £13,11




The expression level of CYP24, VDR and miR-125b in MV-4-11

bifenotype mielomoncytic leukemia sensitive to calcitriol and

its analog

control calcitriol

MV-4-11
Cell morphology after 120 h with 10 nM calcitriol and analog treatment.
May- Grunwald Giemsa staining, 100 x.
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Real Time PCR analysis of VDR and CYP24 mRNA and miR-125b expressior
using TagMan Gene Expresion Assay TagMan MicroRNA Expresion Assay,
AAC: method






The expression level of CYP24, VDR and miR-125b in Thp-1

acute monocytic leukemia sensitive to calcitriol and its analog

confrol calcitriol

Thp-1

Cell morphology after 120 h with 10 nM calcitriol and analog treatment.

May- Grunwald Giemsa staining, 100 x.
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The expression level of CYP24, VDR and miR-125b in Jurkat
acute T cells lymphoma cells unsensitive to calcitriol and its

analog

calcifriol PRI-2191
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Cell morphology after 120 h with 10 nM calcitriol and analog treatment.
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The expression level of CYP24, VDR and miR-125b in U2932

diffuse large B-cell ymphoma unsensitive to calcitriol and its

analog

calcitriol
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U2932
Cell morphology after 120 h with 10 nM calcitriol and analog treatment.
May- Grunwald Giemsa staining, 100 x.
calcitriol - + = = + > - + - - + - - + -
PRI-191 - o + = = + = = + - - + - - +
VDR

—
— —— —.--—-—-.“ -

B actin pu———— — e = .—-
- —— oy =
8 h 72h

24h 4 96 h 120 h

2.5 E control ® calcitriol ®PRI-2191

Relative quantification of

24 48 72 96 120
Incubation time [h]

o 6 = control calcitriol PRI-2191
=}
= 5
S —
=0 I
“2.
ss
3
o &2 -
%E - I
AN N N N N
=4
0 : : : : g
24 48 72 96 120

Incubation time [h]

Real Time PCR analysis of VDR and CYP24 mRNA and miR-125b expressior
using TagMan Gene Expresion Assay TagMan MicroRNA Expresion Assay,
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Conclusions

v' The most sensitive to calcitriol and its analog human leukemia and
lymphoma cells express CYP24, VDR and miR-125b

v" In Daudi, Jurkat and U2932 human lyhmpoma cell lines calcitriol and its
analog didn't induce-CYP24 expression despite of VDR expression

v The highest changes in the expression of CYP24 was observed in the
most sensitive cell line MV-4-11 (fold change about 25 000)

v" In human leukemia cells the VDR expression was similar both on mRNA
and protein level independently of treatment
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