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Roles of Prostatic Acid Phosphatase in Prostate Cancer
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Prostatic acid phosphatase (PAP) is one of the widely used biomarkers in the diagnosis of prostate
cancer. It was initially identified in 1935 and is the most abundant phosphatase in the human prostate.
PAP is a prostate-specific enzyme that is synthesized in prostate epithelial cells. It belongs to the acid
phosphatase group that shows enzymatic activity in acidic conditions. PAP is abundant in prostatic
fluid and is thought to have a role in fertilization and oligospermia. It also has a potential role in
reducing chronic pain. But one of the most apparent functions of PAP is the dephosphorylation of
macromolecules such as HER-2 and PI3P that are involved in the ERK1/2 and MAPK pathways,
which in turn leads to inhibition of cell growth and tumorigenesis. Currently, clinical trials using PAP
DNA vaccine are underway and FDA-approved immunotherapy using PAP is commercially available.
Despite these clinically important aspects, molecular mechanisms underlying PAP regulation are not
fully understood. The promoter region of PAP was reported to be regulated by NF-xB, TNF-a, IL-1,
androgen and androgen receptors. Here, the features of PAP gene and protein structures together
with the function, regulation and roles of PAP in prostate cancer are discussed.
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Phosphatase= kinase9} 374 ©eid o] Qlits}/ g Q14ts)
& w¥Ao 2 243t Tkt cellular processol] #ofgit.
olgfgt At/ g ¢14ksl B2 signal transduction ol
A F88 95 FFeA He), WA kinaseol olg
hyperphosphorylation< tumorigenesis #74 &<t A2 4%
AEE AEHoE FANTE QQ% StAl #ot. g Bl
472 Q] phosphatase™ T A o] & Q14talE A3l Al
N5 AAlE BV dhe 23S ThARH @A77t
A] kinaseo] &3t @¥ A 9] hyperphosphorylation .2 Ay
s ool B3 A= Bol WA o] $A¢, phosphataseo]
A3 Az AR5 JAE T3 & AR BHAME B
o] A7k APE ] A I

Prostatic acid phosphatase (PAP)= 1935'd A H Ao A A
- FAA=H[17], Table 194 R %o] secretory form,
transmembrane form, 12|31 cellular form<] A|7}A] &€ 7}
EAgTH5,13,30]. AP 4ol 718 Bl vl st secre-
tory PAPS] W@ o] F7}kstal o] secretory PAP7} # 5t
A Zeell A & Qs &8-S gtk AR o] EeH TH5,13].
PAP= PSASH & t& AHA o RAASHEHY FE o4
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Table 1. Comparison of three forms of PAP in human prostate cells

Expression

Form Normal Tumor Function Ref.
Cellular 1 ! De_}fhg;%}jogfglzn ff_)HECI;'IZ rowth | 20, 22, 38, 42
Transmembrane ? ? Extracellular adenosine production 52
Fertilization 19, 37,
Secretory ! i Extracellular adenosine production 52, 53
Proliferative prostatic disease 5
< 2dste T3 7|7t & AAtse] #ojehs B9 L 5ol #4HI 3lof ofd i AFSe] At
phosphatase™ =LAl non-specific phosphatase$} protein wol g Ao g oFHrt
phosphatase 71522 U+=H], non-specific phosphatase= &
29 HA A wetA alkaline phosphatase®} acid phos- Prostatic acid phosphatase XAt} FHHAS[ F&
phataseZ, 712 9] FFol whe} tyrosine-specific phosphatase, Human prostatic acid phosphatase (PAP)= 54 9] 3]
serine/ threonine-specific phosphatase, dual specificity phos- M) 3 (epithelial cells)oll A 5ol APHHoz FHlEH=

phatase, lipid phosphatase 522 gt} 42 AL
A= phosphatase$} kinase”} A2 A0 2 2-§-3fo] Q4
sh/g s HIZEE ol FaL e, o] BI/FE It 3
AHE ggg Aoz ojojd £ it 53], oo B
718§ o) 91o]A hyperphosphorylation®] Z£./d¢] x5 o}
uh, B Ao Z QAEE FE 5 kinaseo| B3 AT17}
2EQE G o] FoiA itk 2y, AT &3t FA A

kinase?] JH)] 9&-& ©3h= phosphatase® F83 9&-S

glycoprotein®] TH14,43,44]. PAP+= 193510 A Aol A&
o= BEA7], A A Gzt dd A77h AgEo) At
obd BEet AelA 75 e AA & Aotk Human
PAP 32} 3q21~230l $X|3kaL $12.7[47], cDNAE 354
7§ef ot A4 gtk PAPE 32709 @72 o] Fol
signal peptideE N-terminalell Zt= 41 kDa9] @z o]r
(Fig. 1), 2H4 SHA A & QA4bst 45 Zhe ado|th48].
Aol = 10709 exons 7HA= A ZE o @l (cellular PAP)

1 ALO
—J—}\\_].‘E

Immature Form

1 3234 HP_HAP _like domain 332 383 402 418
| Il ] L
Signal peptide Transmembrane
domain
Signal peptide cleavage
N62 N188 N301
H12
b ' ‘ ' 300 349 370 386
Mature Form
’R79
R1§1g54 TR L HP_HAP: Histidine phosphatase domain

' High mannose-type carbohydration site
‘ Sialylation site

* Active site (Acts as nucleophile)

’ Important for enzymatic activity

Fig. 1. Processing and modification of transmembrane form of hPAP. Human PAP is initially translated as an immature form.
After cleavage of signal peptide, hPAP becomes a mature form, where three N-linked glycosylation sites exist; two high
mannose-type carbohydration sites (N62 and N301) and one sialylation site (N188). His12 is an essential active site residue
that provides a nucleophile function. Other sites important for enzyme activity are marked in the mature form.



2 G F A 1H48], secretory PAPE W75 Q)1 [44], Lol
© AdAH o2 3-UTR®|] &1L alternative splicing®l] 2|3}
F7HH 22 exon 11E Zte A2 FE 9 PAPE A AT
[30](Fig. 2). Secretory PAP®} cellular PAP exon 10bE 23
3l T3 25 7FA| 11, transmembrane PAP= exon 10a,
11 52 zte o Jedo] H v A TH30,42](Fig. 2).

PAP= 5§ 719 catalytically inactive subunit©] Bl 2
Z(non-covalent bond)< ©]F™ homodimerg 343l &
38} HrH16]. Monomer PAPY= F A 71<] cysteine©]
EA3k=, o] oA 719 cysteine> EE Ef-FolM F HE
5]0] 9101, Cys129-Cys340, Cys183-Cys281, Cys315-Cys319
ol M} o] o834 (disulfide bond)& FAst Ut
[41]. PAPYl= Al 719 putative N-linked glycosylation sites
7} EAst=H, % Asn629F Asn301¢= high man-
nose-type carbohydrate”} #11, Asn188-2 H&2 0 2 sjaly-
lation®] o] B8 HH15](Fig. 1). =3t site-directed muta-
genesis & 53l PAPY &4EA 9+ Histidine (H12,
H257), Aspartate (D258), 18] il Arginine (R11, R15, R54,
R79) A71E0] Fa3gto] 3 H tH26].
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teroned} 2 A T2EI AAHA JY5S & F AU11].
PAP9] mRNA %% quantitative PCRS ]85} A7 delA
A e F4 ﬂaﬂolb} AYA o ZEF PAP9
transcript’} 433 S7HE O] QoS AL, o= gE
24 o] g4 A-EA 244 50~ 50003}1 A j o 23

o A 110~6,0008 7+ =& ?J” o] I ATH1 ] fﬁi,
oz o F4sto] Bots v Ao iz
A& PAP7F BHAE RO, fH 9 (breast carcmoma)Oﬂ A
+ PAP7} A8 2R ¢Eta1[46], 24 YLE(colon carcino-

ma)oll A& A A8 F 40%9 A=l AT PAP7F #HEEH QL
om 1 PAP % AN AHA S AP A Y E(prostate
carcinoma) ol A Bt} v =F o] SQlE lTh46]. ©]/F9]
A¥SE PAP do] APddM SelHez w54 BT

, B PAP @ =7 229 oF DA} ofof aAAA7}
Aes HofEoh

PAP fHA| ghsl =H

PAP 37 @z #o3dl= UAE= androgen,
androgen repector, NF-kB, TNF-q, IL-1 5°] €¢#A Ut}
Human prostatic carcinoma®l| 4] PAP9] promoter 415 &
3 ATG Z=29] 56 bp9} 91 bp upstreamd] F 72| major
transcription initiation site”} £ &Ho] &= A TH4,48]. T3
promoter region< chloramphenicol acetyl transferase (CAT)
reporter fAAZ B2 AFo A -1258¢0 4 -779 Ako] 9
element7} PAPS] AEF8 Sol3 L& 7HeA ste Fi
olgk= Aol B ATH50]. HE3H PAP X4 F-9jol A AARQIA}
A9 47114 GAAATATGATA element7} o141 ¥
HL7 5| S0 (588/-558, -267/-237, -160/-130, +211/+241,
+239/+269, +1136/+1164), ©] F F H$(-160/-130,
+239/+269)= %7 5o0]Z Lol #A%S electrophoretic

mobility shift assayS &3 <18} ATH34,35]. Androgen

50918

Transmembrane PAP

- R
UTR

t 1

35442/39305 39497/39498

40371
Cellular and secretory PAP

Fig. 2. Schematic diagram of hPAP transcripts. Two types of hPAP transcripts are generated by alternative splicing. Transmembrane
PAP has exon 10a and 11, whereas cellular and secretory PAPs have exon 10b instead of exon 10a and 11. The 3'-UTR
of transmembrane PAP is shorter than those of cellular and secretory PAPs. Cellular PAP and secretory PAP are identical
but they differ in their cellular location. The number indicates relative nucleotide numbers from the start site of 5-UTR,
which was set at 1. Introns were omitted for easier comparison of exon structures.
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androgen receptor (AR)Y| QA o2 Afsle] AY A &
23 715 T2 9FS vAA Hew, PAPS 2H T4
o A androgen-AR complex”} 283l androgen response
element (ARE)7} & Al ¥ € Th(-151/-140, +218/+229,
+244/+255). ARE®] androgen-AP complex”} homodimer&
ool ARES A4 Agsh=d, o AlF-E F -151/-140 &
< androgen level®] A44Y W hPAPY transcriptions €43
S}A] 7] A 5, +218/+229, +244/+255 -2 androgen level ]
S5 u) hPAPY] transcriptiong A3l 7152 3014, 27,
33]. o] ¥ gt AHHE-L hPAPS] & A] androgen©] & L3}
#o{gE HolFEoh &9 TNF-a9} IL-1 o] NF«BE 53l
PAP promoter?] A& F7HA7 o] Ri5 S =H], deletion
analysis& §3}o] -1356/-779 577 bp7} cisactive enhancer
region S Q15 A Y, FF ATZBZ NF-kB7} PAP pro-
moter &9 -1254/-1249¢] AGGTGT motifol] Zgsto] =&
oz AP & AEF SolHQ PAP THS S7HAH ]
A ATH4A9]. o] % PAPS] promoter region®] =2 5
o] A WS 23 elementE0] A3 EAT ASZ o
e vl PAPY] EE - B¢ d7= PAPY 75E
Adreted B2 Eas £ AoE JjdEn.

PAPS| 54 &Y

PAPY & Aatg AL 7)|&d 4R fructose-2,6-bi-
sphosphatase®] & <Q14t8} #HA4 1} v]S:31th24]. Zhang 59
ATE 535+ PAPY active site= His129} Asp258%¢] B}
&, H12D E+ D258A mutantl]| 4= ErbB-29] phospho-
tyrosine levelo] 7+438tA] &-o] RIS ATH51]. PAPY &
Q14+s} 3148 His12 2717} nucleophile® 2H-&-3fo] 7]4 9]
phosphateE %o}lE¢] phosphohistidine intermediateS ¥
2d3ko] AlZgitt. o] Asp2587} general acidZ &3¢ 7]
A5 7RI 714 & QAAEE fiathe]. EE
His12 ¥7to] ofu 2} His257, Asp258, Argll, Argls, Arghd,
Arg79 5°] 83 F7]1YS site-directed mutagenesisE &
3t grlstgon o5 A & FETY & BEH
ATH26](Fig. 1). ©] Z71E & His257& oUA] 8-S w30
v 988 3, Asp2589] proton donorZ24 9] 9&-S st}
© Edo] AAEATH36]. o]} 2o] PAPY] catalytic active

Table 2. Characteristics of different prostate cancer cells

site9h & Q14kste] wdlo tisl L F=ul, AA7HA PAPY
714 &% AMP, ErbB-2 phosphotyrosine, phosphocholine,
phosphocreatine [8,18,31] F=7} ¥ # $lth. PAPY =4
Eold ¥ 547 protein tyrosine phosphatase?] 7}54 &
B o, o} B8 2)7] & PAPY 71d 50| Bo| AT AL
2 344 o]2d PAPY 712 S-S WU, oF4 olelH
A e AsAdeHY Sl AHHAY 2L Aede 4=
& T Aoltt. old =855 Fall PAP7F |
o BT Ao ol FFS FEAE FAHLE ]
o Ad F 5%

N

HEM AoMo| PAPY| 7S

PAPE M@ AEzo) & 24T £ 9le Zo= ¢y
Hedl, 2 A 7122 obF Be A A FyT21] AHA
el 27] WA PAP L] A= human ErbB-2
receptor (HER-2)9] tyrosine®| hyperphosphorylations &
3ke] 3139 ERK9} MAPK signalinge] 878511 Al 4374
o] ZAHE ABE HALHR(Fg 3). oIS TE Ao
2, HER-27} &43tg o utel PBK7} 243 Hed, o=
PIS Q4F8}A] 7)1 Akt pathway?] &4t ojojzit}, A=
ERK1/29} Akt E5 androgeno| £413}A] %= oA =
androgen receptor®] 14+sHE st Al GRS XA
2 A dh45]. o] A PAPE P19 Q14 o}
AZ RS dAste 982 2998 F At o=
w, PAPS] W&o Ay o g2 o] Jad
d&3 < Utk F AP g9 JY HJr7t 4)3
TTOE PAPZ} HAH A H11[38], % PAPY T
HdTF A Ade] wrhe AL FARTH) o E ol
r W&ol PAPE tumor suppressor?] 3 FHZ 71557 &
SHoH42](Table 2, Fig. 3). 3+ immunohistochemical staining
Al =& Gleason score®] HHA oto ] PAPY 7+ 3l wha]o]
TFE =, o] eHe Ade AR b Jy o] PAPE A

g 18] & o 2FAME cellular PAPS TE o]
Haste Al secretory form] PAP7} Z718le] Bdshe

¥ to.2 AgsiA ¥il o]E F3l PAP7} phos-
phatase 7]%5& $33l=t] o|Z¢] proliferative prostatic dis-
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Cell line
LNCaP LNCaP PC3
(Low passage: 20~33) (High passage: 80~125)

Adenosine-sensitivity +++ + -
Cellular PAP expression 4+ + -
Phosphorylation of HER-2 + ++ +++
Cell growth + ++ +++
Tumorigenicity + ++ +++
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Table 3. Human PAP promoter regions and their associated factors

Promoter region Element / motif Binding factor Function Ref.
-588/-585
267/-237 GAAATATGATA Transcription factor Not tissue-specific PAP upregulation 34, 35
+211/+241 ’
+1136/+1164
“160/-130 GAAATATGATA Transcription factor Tissue-specific PAP upregulation 34, 35
+239/+269 ’
-151/-140 ARE Androgen-AR complex  PAP transcription activation 14, 27, 33
*218/+229 ARE Androgen-AR complex  PAP transcription inhibition 14, 27, 33
+244/+255 L
-1254/-1249 Zég;?;gT element NF-xB Tissue-specific PAP upregulation 49
Dimerization . MEM 28 EX|XIEMS| PAP
Human ErbB-2 Fperphoinher yiation YA o] WYFDFE sercetory PAPY] THo] F7lstE

receptor (HER-2)

6-. @ e

i '/” / \

\,

7

| |

Proliferation ¢t

ra
@@ — g

Fig. 3. The role of cellular PAP in human ErbB-2 receptor signal-
ing pathway. When HER-2 is activated by phosphor-
ylation on its tyrosine residue, it undergoes
homodimerization. This activated HER-2 can transduce
signal to downstream molecules such as ERK1/2 and
MAPK. Hyperphosphorylated HER-2 signaling can also
enter PI3P-Akt pathway. When PI3K is activated by
HER-2 signal, it leads to PI3P accumulation, which in
turn activates the downstream Akt. Akt leads to phos-
phorylation and activation of Androgen receptor (AR),
which increases cell proliferation. As shown in this car-
toon, PAP can act as a negative regulator of ErbB-2 path-
way by dephosphorylating key signaling molecules.
Dephosphorylation of HER-2 and PI3P helps to inhibit
prostate cell proliferation in an androgen-independent
manner.

eased| Al T3 HEe sl Aol
tive site7} A2 WO 2 =55 9]
Z7)8F= 1H30], tumorigenesiss 3t
2o 2 Qlate] HaFTid I
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A ¢} detection®] sensitivestthe ZAE B O 2 PAPE T
Aate] AYA ghof FAARE Wol ATt ITh32]. AR,
PAP| T%7} PSART MM <ol dejets 54 a4
A7 8 A31], 1939 9] FAE o2 ZAIEE cause-spe-
cific survival (CSS)2 PAPY ¥=7} 1.5 U/l ©]3}, 1.5~24
U/1, 25 U/l o)l A 22k 93%, 87%, 75%5 2wk
(7=0.013), PSAY] %7} 10 ng/ml, 10~20 ng/ml, 20 ng/ml
ol W 92%, 76%, 83%E EHTHp039). °]& & u, PAP
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Prostatic acid phosphatase?| CIE 7|S&

A4H2 AP ME)M= PAP7} human EGF re-
ceptor-2 (HER-2)¢] phosphotyrosine ﬂﬂi dephosphor-
ylationA]# downstream?] ERK9} MAPKS] 2leH&-& “Zﬂ
3t o) AE A374F} tumorigenicity 2] “Zﬂi o] X A|
tH20,42]. o]¥ PAPY & 42X 7% ¢le = PAP7} A ¢

FaA EAst 74 FAAA FoGd 4TS T A
dZ¥a ok & AFelM = 3658 Y ARE £
23, PAPY 557t 5555 A4 27 Wold s
5‘}9\517[8 19,37], o] PAP F%=9 AAF-E59 w2 A

£ ulg o2 PAP/} AAREESY AAAZ AHEHAR 7=
gt} SHAT, PAPZE AAHTESS Fidste £414 715
el e AAE] e AA] @Skt 3 prostate cDNA li-
braryE t’¢ S22 g yeast two-hybrid screeningS 53 sex
hormone-binding globulin@} PAP7} A3 A o2 Asth=
AHEE WRATH28], A 1 Yo B e FAHOR &
#A vl7h 9lekh &, PAPY Al7kA] HE| 5 secretory PAPS}
transmembrane PAP+ ectonucleotidase@ 28319 AMPE
#3135t extracellular adenosineS THE 1, ©| adenosines
nociceptive neuron®] AIRS S4SAA T B39 74 E
7HA Q715 3H52,53]. o] 2% PAPE AHA it ol
oe]l e 7eES B3E 7 T vl PAPE A= o]sfs}
71 AalMe 2 7153 AA o 9] i B AAHA
Aol 2% Zloth

N
rh

1935 A@AANA Aoz 49 olF, PAPE HYA
&o] FAAZA FE3] 2ottt PAPE PSAS 22
OE EAAEEY ¥ w2 JUWAR AHA ¢ A5 E
o 2 d3d 4 gla, A9 o Fesk SR & 5
at7] ol AHA kol RAAZA Y FAHo] A &
4 9t} K3 PAPE phosphotyrosine phosphataseZ A 2
£-3}o] ErbB-29] & ¢l4F3E #% 33 ERK1/29 MAPKY]
S8 freste] A 4% A5E 9AT 5 e, of
4 cellular PAP W@ 7F249] €Rlo] ¥ A A] ek-& u}, o] 9]

A ol Ay ko BRG] e oJsfE =& F
A& Aolth ¢, PAPZF Ay hollA 2 s E S0
2-oksl DNA vaccine©] @A) 7| Fo|1, WX g HH o] A
835 § PAPY] FaAo] #43 AFE] AAHT Y=
l, Fuo A4 go] 2 F ofd Fejo] PAP 3
ZAF o] AA PAP/} Z7F3H=A o 3t <lo] el Ao}
3tk &, o8 Fejo) PAP wd Ao Y9l o] A4,
ol#l &3l W 7|5 9o PAP/} AYMAE A4 #A

E00164).
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