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Abstract

Ornithine decarboxylase (ODC, EC 4.1.1.17), the first and rate-limiting enzyme of
polyamine synthesis pathway, has been known as a marker of carcinogenesis and tumor
progression. At the early stage of oncogenesis, cancer cells acquire capabilities of
self-sufficiency in growth signals, insensitivity to anti-growth signals, overriding apoptosis,
limitless replicative potential, sustained angiogenesis, tissue invasion and metastasis, as
well as evasion from the immunosurveillance. The phagocyte systems consisting of
neutrophils, monocytes, macrophages and dendritic cells derived from myeloid progenitor
cells in the bone marrow perform the critical roles in innate and adaptive immunity.
These cells display a functional diversity, allowing them to execute multiple defense
mechanisms. They can recognize, attack and eliminate pathogens and tumor antigens by
phagocytosis. Human acute promyelocytic leukemia cell line HL-60 is a cancer cell itself
and has the potential to differentiate into a neutrophil-like cell through appropriate
activation in vitro. Hence, the HL-60 cell line is the well-known model in understanding
the mechanisms by which cancer cells escape and suppress the immune system. The
preliminary reports of Professor Liu’s lab show that ODC provokes proliferation, interferes
with differentiation and prevents death in cancer cells, yet the molecular mechanisms
involved are still unclear. Here, | focus on the role ODC plays in the differentiation,
activation and immunosurveillance capacity of the HL-60 cells. After induction of
differentiation with dimethyl-sulfoxide (DMSQ), neutrophil-like cells express CD11b, a
well-known marker of neutrophil, in mRNA and/or protein level. CCAAT/enhancer
binding proteins (C/EBPs) and PU.1, essential transcription factors for leukocytes, may be
functionally affected by ODC. The specific aim of the study is to comprehend
preliminarily the molecular mechanisms and signaling pathways regulated by ODC in

human acute promyelocytic leukemia cells.
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Cell culture

The human promyelocytic leukemia HL-60 cell line was grown in suspension culture of
RPMI 1640 medium and supplemented with 10% fetal bovine serum (FBS) at a
temperature of 37 °C in a humidified and 5% CO, atmosphere. The cells were incubated

with 1.25% dimethyl sulfoxide (DMSOQO) to induce the neutrophil differentiation.

Construction of ODC-expressing cell lines

The ODC-expressing plasmid was constructed by inserting the BamHI-EcoRI 1,415 bp
coding region fragment into the pCMV-Tag vector (Stratagene, La Jolla, CA, USA). By
means of the calcium phosphate-mediated method, parental cells were transfected with
WT-ODC and m-ODC plasmids as the ODC-overexpressed model and the nonsense mutant
one by frame-shift, respectively. Stably transfected cells were selected with the antibiotic
G418 in the concentration of 400 pg/ml. After three weeks, G418-resistant clones were
isolated and analyzed individually for ODC expression. The individual clones were

examined for ODC expression by RT-PCR, immunoblotting and the enzyme activity assay.

Liu’s staining

Liu’s staining is to monitor the extent of cellular differentiation. Cells were cytospun
onto ethanol-cleaned glass slides, added with Liu’s A buffer (2.8 mM Eosin Y and 1.3 mM
methylene blue in 100% methanol) at room temperature for 30 seconds and mixed with
Liu’s B buffer (91.8 mM KH,PO,, 27.5 mM Na,PO, and 3.7 mM methylene blue) at room
temperature for 90 seconds according to the manufacturer’s instructions (ASK Biotech,

Taiwan).



Cell viability

Cell numbers were counted by means of the trypan blue exclusion assay. The extent of
cell viability was calculated by viable cell numbers of the experimental groups in

comparison with those of the untreated control groups.

DNA fragmentation analysis

Cells (5 x 10°) were harvested in PBS and lysed overnight in a digestion buffer (0.5%
sarkosyl, 0.5 mg/ml proteinase K, 50 mM Tris-HCI, pH 8.0 and 10 mM EDTA) at 55°C.
Subsequently, cells were treated with 0.5 ug/ml RNase A for 2 hours. The genomic DNA
was extracted by phenol/chloroform/isoamyl alcohol extraction and analyzed by gel
electrophoresis in 2% agarose at 50 volts for 30 min. Approximately 20 xg of genomic

DNA was loaded in each well, visualized under ultraviolet (UV) light and photographed.

Apoptotic assay by flow cytometry

For apoptotic sub-G1 analysis, 1x10° cells were harvested and washed with PBS,
resuspended in 0.2 ml of PBS and fixed in 0.8 ml of ice-cold 99% ethanol at —20°C
overnight. The cell pellets were collected by centrifugation, resuspended in 1 ml of
hypotonic buffer (0.5% Triton X-100 in PBS and 0.5 xg/ml RNase A), and incubated at
37°C for 30 minutes. 1 mL of Propidium iodide (PI) solution (50 x«g/ml) was added and
the mixture was allowed to stand on ice for 30 minutes. The nuclei were analyzed in the

FACSCAN laser flow cytometer (Becton Dickenson, San Jose, CA).



Reverse transcription-polymerase chain reaction (RT-PCR)

Total RNA was isolated from 1x10° cells by Trizol (MDBio, Taiwan) according to the
manufacturer’s instructions.  Synthesis of cDNA was performed by using mRNA
templates, reverse transcriptase and 500 ng of random primers. The reaction mixture was
incubated at 42-C for 90 minutes. For PCR assay, cDNA was added to 40 pL buffer
mixture containing 75 mM Tris—CI (pH 8.8), 20 mM (NH;),SOy4, 0.01% Tween-20, 1 mM
MgCl,, 0.2 mM dNTPs, 0.5 pM forward and reverse primers, and 1 U Taqg DNA
polymerase (MDBIi0). PCR was set at the condition of 2 minutes at 95 -C, 36 cycles (30
seconds, 95°C; 30 seconds, 48-60-C; 90 seconds, 72°C) and 10 minutes at 72°C by a
Mastercycler (Eppendorf, Hamburg, Germany), and products were analyzed in a 2%

agarose gel. The following primer pairs were used:

Length of the PCR )
Genes Primer sequences (Forward/Reverse)
product (bps)
_ 5-AGCGGGAAATCGTGCGTG-3'
S-Actin 309
5-CAGGGTACATGGTGGTGC-3'
5-AAGGTGCTGGAGCTGACCAG-3'
C/EBP« 255
5-AATCTCCTAGTCCTGGCTCG-3'
5-ACAGCGACGAGTACAAGATCC-3'
C/EBPp 195
5-GCAGCTGCTTGAACAAGTTCC-3'
5-ACATAGGAGCGCAAAGAAGC-3'
C/EBPJ 262
5-GCTTTATTCTTACAAATACTG-3'
5-AGTCTGGGGAAGAGCAGCTTC-3'
C/EBP¢ 305
5-ACAGTGTGCCACTTGGTACTG-3'
5’-ATGTGCCTCCAGTACCCATC-3’
PU.1 334
5-TCTTCTGGTAGGTCATCTTC-3’
5-ATGGCTCTCAGAGTCCTTCTGTTAA-3'
CD11b 570

5-CATCAAAGAGAACAAGGTTTTGGAC-3'




Immunoblotting

To purify total cellular proteins, cells were harvested and lysed in Gold lysis buffer (10%
v/v glycerol, 1% v/v Triton X-100, 1 mM sodium orthovanadate, 1 mM EGTA, 10 mM NaF,
1mM sodium pyrophosphate, 20 mM Tris, pH 7.9, 100 uM p-glycerophosphate, 137 mM
NaCl, 5 mM EDTA, 1 mM PMSF, 10 pg/ml aprotinin and 10 pg/ml leupeptin),
homogenized and centrifuged. The supernatant was boiled in loading buffer and an
aliquot of 100ug proteins was resolved by SDS-PAGE. After transferred to PVDF
membranes in 800 mA at 4°C for 3 hours, the membranes were blocked with 5% non-fat
milk for 2 hours and then incubated with anti-CD14 and anti-f-actin antibodies (Santa Cruz)
for 24 hours. Washed with the buffer containing 50 mM Tris-Cl (pH 7.5), 150 mM NaCl
and 0.1% Tween20 (v/v), the membranes were incubated with secondary antibodies labeled
with horseradish-peroxidase at room temperature for 2 hours. The antigen—antibody

complexes were visualized by the enhanced chemiluminescence (Perkin-Elmer).

Genomic DNA extraction

Collect cultured cells in a dry pellet in the 1.5 mL eppendorf. Resuspend the cell pellet
in 200 uL nuclei lysis buffer (0.2 M Tris-Cl, pH 8.0, 0.3 M NaCl, and 20 mM EDTA).
Freeze and thaw the sample for 3 repeats. Mix the solution gentley and thoroughly. Add
10 uL 20% SDS and 10uL Proteinase K (stock prepared in 10 mg/mL) to the sample and
incubate it at 55°C overnight. Add 80 uL of 6N NaCl and vortex to mix well for one
minute. Centrifuge the sample at 14,000 rpm for 10 minutes. Transfer the supernatant
into a new eppendorf and add 500 uxL of 95% ethanol. Gently mix the sample, use the
hooked glass stick to pick up the filose DNA and transfer it to a new eppendorf containing
50 uL sterile and distilled H,O. Continue inverting the eppendorf at 4°C for 24 hours to
dissolve DNA.



Primer design

The pair of primers is designed according to the sequence of ITGAM integrin aM
isoform 2 precursor on chromosome 16p11.2 in Homo sapiens from the NCBI database
Gene. The original sequence is 91,157 bps in length, with 31 exons. Blasting with 450
bps upstream of the start codon, | focus on the proximal region of CD11lb promoter in

9,300 bps. (Moeenrezakhanlou et al.,, 2008) The PU.1 consensus binding site

5-CTGCCTCCTACTTCTCCTTTTCTGC-3' ( F. Brugnoli et al., 2009 ) and C/EBP
consensus binding site 5'-TGCTGCAAT-3' (Hashimoto et al., 2006 ) are both included in
the target sequence of CD11b promoter. The PU.1- and C/EBP-binding sites are on -35/-11
and -1832/-1823 upstream of the start site of CD11b gene, respectively. Forward primer:
5-TCACATTGGCGGTCACATAA-3'; Reverse primer: 5'- AAAGCAAAGAAGGGCAGA
AA-3'. The length of target sequence is 1,923 bps, with one proximal PU.1-binding site
and one distal C/EBP-binding site theoretically. The very proximal end of the target
sequence also includes three nucleotides extensively downstream of the start site to ensure

that the PU.1-binding site will not be excluded.

Statistical analysis

Data shown represent means + standard deviation (S.D.). Statistical analyses for

detection of significant differences between the control and experimental groups were

carried out using Student’s t-test.
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RBATED R ATE 2 HL-60 e AL 2% > R 41 ODC ¢ B Hr
12-O-tetradecanoylphorbol-13-acetate ( TPA) #13 % chug E v im?e & 14 i % (B- )e
ARRE e A I AR o %ﬁd Frd] TNF-a B 3 329 NF-xB 7% i g j2 » ODC ¢
Fe %7 Matrix metallopeptidase-9 (MMP-9 ) ek 14 3 i & % I ODC # fiz & 4c » TPA
I 0 PR3 e Ak A 4 0 M ER e A LA 4 0 B0 CD14 A RE
FAI53 MMP-9 shied 2Rz A e 0 2 gt o {34 % o v TPA IR (S ik 4
™4 4] ODC Mm%k > 2@ * ODC % ¥ i endr4|# D,L-a-difluoromethylornithine
(DFMO) #r#] ODC # 23 4e » b 4 & TNF-a R ¢ £ 7775 * MMP-9 (Liao et al.,
2008 ) -

e 2R AR ODC s fg FHFE v imre & 1 > 2Xm ODC #f*r HL-60 iw*z
A TG z,t\FTF"’ ¢ oMk enis ] v A sk e Flet 2 % 4~ 9% 12 Dimethyl sulfoxide (DMSO )
Pl HL-60 Jmre oA it S 8ef @ hap o Bk & BFACELT BLRH L > ODC i it 128 b
% DMSO #73% Hchimve & 1 52 4w = g (F= )e e B % T > &3

wie Je g R 0 11 DMSO e 18 % 4 3] ODC fwm%e $x 17 i3 Ap i § chlm e i
moreluM 4 % A (Retinoic acid » RA) /a2 s » = fhimPe BB 5 tgR "> » &7
ODC i # iv + 4 RA #7345 thimve & 1 i jZ( B = ) flwm e &JZ DMSO {8 % — % >
HATA ) ODC methr Hid = fEme b 4ot BB VB F LB - "X T H
boo A RSO < (Ble )ed At fSmiz g4 %57 v g mE 5 2% ODC
AF e R e k= 15750 FILF HAFIr DNA PR iC#Ew & iV imre kA
+7 > ODC FEd ¥ Mimie = 2 F 5 A bS5 - TR 5 24% 0 $ e X PR
1T 50% (BT 2@ )ed P PSR T oo a2 DMSO 1T 5 A b3 A ahie

3¢ s ODC e aEF B EF TR AL w% L 1L 2w k= g4 o

e o ODC @A I 2 Alme i LS I~ EAM - FIZHFEARE
B ghendEsRdd > i g ODC 17 2 5% » 7 it 2w p 5 ) & paat i) 4 32 eh

AF e - ERLY LR NEETF]S o &8 AR LA FSNER - CEBP 7% {r
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PU1l . 6 & Beimie f anfb g5+ > PUL ¥ E3ldd gxfmbe & 14 2™ &2 F Bl
5% im ¢ (Lymphoid-myeloid progenitor » LMP ) » # 22 GATA-binding protein 1 — 4= i¥ #*
FHEd]E L e A (L S B R e 8 o TR SRl e (i 42 0 C/EBPa 3 F 31 LMP &
C RS B H Pk BRlee > B EERRFIM T derE cnk it (Friedman, 2007 ) 0 g
i DMSO 3% ¥4 it {5 > 2412 RT-PCR #p] HL-60 ~ ## 4 % % ] ODC frig 4 %% 4 7]
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IWEE o %700 enfEA5) I & C/EBPa v # i C/EBPa 4 £ % >t CIEBPB - ¥ ¢ » B2 #
3052 3] ODC fmoe ph e if a0 1 Atdppige s £ 3L PUL oo mRNA » e 5 5 o 17 3
‘el A8 ] PE o AR A plEh o H A E ¥ P A MO HL-60 &2 % %] ODC e
tk - ODC #t** C/[EBPa ~ C/[EBPS fr PU.l chh Fl& i » ¥ iy 7 R A& F R o

B

AR S A AT F 4y 0 2 TPA 3 HL-60 §) v 47 E witim e 4 {* > CD14 +

Hp vk o A A2 DMSO # 4 i a8 ™ 5 @ % f 2R E 2 6 p) HL-60 ~
2 R %7 ODC e 4 77 4 4] ODC = kw2 (7CD14 £ 325 (B~ )°CD14 fiz =
W i RFH T - R Tig3t L DMSO e > m3 BT 28 i m e Ra o
CD14 pe ¥ Hyrzk a3k p X e 2 a4 o v > fr2 5’»“%’ LN EE T R s VAT 1 A
PR T AR AR LA FRL S FRPI A, 24 BA R %3 ODC {rig
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ot FRPAEESCDIb AL A thd M MBEAR #4544 ODC M
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% CD11b mRNA 5
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CD11b £ %1 # 7 x>+ (Promoter) ~ 5'+=4 & #& %5 7| (5-untranslated sequence ) %
AL BT 2 SR TR (B - ) M A%KS 16 ¥4 ¢ $2k (p-arm) 11.2 =
% ¢ CD11b isoform 2 precursor /& 7| % & » 3% ¢ H fxds F eiT:4-35/-11 bp s —
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H FErd 3 P sk B s A%t - ¥ PCR 313 1 P HER A ehiTs
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ﬁ%\ﬁ
&
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B4~ R e B iia R Fl2 - At H A A2 ODCe % % 4 4] ODC 2
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