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Human Parathyroid Hormone-Related Peptide Measurement in the
Lung Cancer Patients

Joon Chang, M.D., Se Kyu Kim, M.D., Sung Kil Lim, M.D., Hong Lyeol Lee, M.D.,
Sung Kyu Kim, M.D. and Won Young Lee, M.D.

Department of Internal Medicine and Institute of Chest Diseases,
Yonsei University College of Medicine, Seoul, Korea

Background: Parathyroid hormone-related protein(PTHrp) was first identified as the cause of
hypercalcemia in malignancy. Hypercalcemia can be found in malignancy, especially in the
epidermoid carcinoma of the lung, even without extensive metastases to the bones. The application
of sensitive assays for PTHrp may help in the early diagnosis of lung cancer, in the monitoring
of treatment and in the detection of recurrence.

Method: Serum PTHrp was measured by radioimmunoassay detecting the N-terminal 1~34
peptide of human PTHrp(PTHrp 1-34) in 63 histologically confirmed lung cancer patients and 22
healthy controls.

Result: Serum PTHrp(mean+S.E.) was 3124+68.9pg/ml in 63 lung cancer patients and 158 4-38.2
pg/ml in 22 controls(p>0.05). PTHrp was 356+103.9pg/ml in 34 epidermoid carcinoma patients,
281+148.7pg/ml in 15 adenocarcinoma patients and 316+140.8pg/ml in 9 small cell carcinoma
patients. In epidermoid carcinoma patients, PTHrp was 570+472.3pg/ml in stage II(n=3; p<0.05
vs controls), 166+22.4pg/ml in stage Illa(n=9), 282+113.3pg/ml in stage IlIb(n=12) and 668 +
367.9pg/ml in stage IV(n=9; p<<0.05 vs controls). PTHrp was significantly increased in 8 epider-
moid carcinoma patients with bone metastases(1526+811.2 pg/ml; p<0.0005 vs controls). Hyper-
calcemia was observed in an epidermoid carcinoma patient whose PTHrp value was 244 pg/ml.

Conclusion: The serum PTHrp was increased in advanced epidermoid carcinoma patients even
without hypercalcemia. The measurement of PTHrp may be not helpful in the early diagnosis of
lung cancer. But the lung cancer should be suspected in the marked elevation of PTHrp. It may
be of value in detecting patients of advanced diseases witn bone metastases or patients who might
develop the malignancy associated hypercalcemia.
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oF FglA Aol7t glo] AR TEdFe]
ATEHellA A E kg Al 5] 1987vdell FHd4
¥ 2 (parathyroid hormone; PTH)¥} §-ARF =9}
716 7K slelo] =8 FAsl= cDNAS] £el& 4
Foto] HAEEE B Duiparathyroid hor-
mone related protein; PTHrp)o] S22ukA) wl9ic}’.

oFy ZeAlol4 PTHIp7t 245852 PEAE
T k5ol wreiga, oM o 53] HAHATAE =
ol Ao glo] nHdwgHFo] FF WHEmE
PTHrp7} o] YA 9l odlFe} o] 31E 7154
o] glct B ZEdFQ = Sl AR
(nephrogenic) cAMP7} A F7F=lw 7397} 7S]
23 ¥%F PTHrpE F43h olNlgk 2 bdE o] 83}
w Fde) kel =71, x)gRkge] 4, A
o] 7 ol B8 g THsAo] AP

olol] AAFEL =202 Fvksl HQt Sl ¥
azel 9T PTHPE ARl 242 S50
sigke] 27] Aekg Siet Fok EXRAZY) H8 7Hd
& 2ARLEL, 2AEEFol SEA gk =Y Sl
A z+ X, 7], F Ao f-7oll ukE hPTHrpe] &
FX19t G4 2w 9 QL 2447 8F Aw d A W
Aegte] AL 2AREe 24 o]2] AdelH Z-L2- W
Aeld Jgs Wl B3z sigi
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2AH o7 Aok =H3A} 63<l(HHF=Y 34
ofl, A%k 1590, w]E3} 4=A1E} 94l 1|23} HAIEST 1
of, w3} ul5 M2} 4el)e}t 77 iz 224015
o sigictk AldRAls |} 536, of#} 1003
T A% 58.84) ollew, tHzFZ dol 77} 114
BT 9% 40.64) °lick

A 4 tzFollA &2 human PTHrp, calcium,
phosphorus, 24A]7¢ 3% calcium, phosphorusE =3
sdrk

2] PTHrp Z7%-2 human PTH-related protein®] 1

W3 olulmAe FHek: PRI 4
kit(Peninsula Laboratories, Belmont, California,
USA)E olgaidieh. ol ZAE 7 AAZU 4
5l PTHrp$} Plodine tyr>-PTH-related peptide 1-347}
geke] YPTHp 134 Shalol cheled 8 whgh
A& Plodine tyr’-PTH-related peptide 1-34, rabbit
antiserum specific for PTH-related peptide 1-34, goat
anti-rabbit IgG serumg A&3lo] gamma counterZ
ZAslg].on, Aeke] human PTHrp 1-34 standards &
AL EEFUE ol §2)] 7} 7] PTHD zhe Al
sigleh

B f8e 7 F2l el Aolrt A
Student unpaired t-test2 53}

| ot

&%) PTHrp(3 F+S.E)E th2FH(n=22) 158+38.2
pg/ml, A = (n=63) 312 +68.9pg/ml o HhE
oA =& ZgelAut F3t Kol gigick 7 AlE
ol wEbde HHATAEE(n=34) 356+103.9
pg/ml, A19FF+n=15) 281 +148.7pg/ml, AA|ELFH(n=
9) 316+140.8pg/ml, tHAIESHn=1) 65.0pg/ml, =&
3} v E-5F AEYFHn=4) 114+77.9pg/mlE H= 4}z
AZPTOIA T2 Aot 7 F 2 =T Tl £
23k 2lo)7} ¢l Tablel, Fig. 1).

Ho 49k ol whE €A PTHip(HF1S.E)
= A 1 ¥7)n=1) 143pg/ml, A] I ¥7}(n=3) 570+
472.3pg/ml, A| Illa ¥7|(n=9) 166+22.4pg/mi, |
Ob ®7ln=12) 282+113.3pg/ml, A IV ®7|n=9)
668+367.9pg/miZ A I W]} 2| IV W7]ol4 thz
o] vlal) F-2lelA E9cKp <0.05; Table 2).

= Aol7t Y= HEFHn=8)2] 7% ¥ PTHrp
= 1526 +811.2pg/ml = w2l sl FolsiA =t
21 Kp<0.0005), EA-ol7}t Yl & d=TFH 2lol7t
%13, ¥4 9 24 A)7F %% calcium, phosphorus®]
2o = SR QRkcH(Table 3). 1AFEFL HH
433t 1ofjell4] $=]gl o o] ollellA] PTHrp+= 244
pg/ml 2 EAgkglch

iz, Hiohe, =Ijke] AlEE 9 =Hieke] Wl o
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Table 1. Serum PTHrp, Calcium and Phos-
phorus Values in Control and Lung
Cancer Patients

No. PTHrp(pg/ml) Ca(mg/dl) P(mg/dl)

Control 22 158+382 9.14012 39%020

Lung cancer 63 312+689 88+006 3.9+0.06
Epidermoid ca. 34 356+1039 8.9+009 38+0.08
Adenoca. 15 281+1487 874010 3940.10
Small cell ca. 9 316+1408 88+0.10 411015
Large cell ca. 1 65 9.0 4.1
Unclassified ca. 4 1144779 9.0%0.17 3.4+0.16

Values are expressed as mean+S.E.
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Fig. 1. Distribution of serum parathyroid hormone-
related protein(PTHrp) values in 63 lung
cancer patients and 22 healthy contorls(Epi-
derm: epidermoid carcinoma; Adeno: adeno-
carcinoma; Sm Cell: small cell carcinoma).

Table 2. Serum PTHrp, Calcium and Phos-
phorus Values according to Stages in
Epidermoid Carcinoma

No. PTHrp(pg/ml) Ca(mg/dl) P(mg/dl)

Control 22 158%382 9.1+0.12 3.9+0.20
Stage 1 1 143 8.9 45
Stage II 3 570%4723* 8.6+0.10 3.6+0.37

Stage llla 9
Stage HIb 12
Stage IV 9

166+22.4 8.7+0.17 3.8%0.13
282+113.3 9.0+0.12 39+0.14
668 +367.9* 9.0+027 3.8%0.14

Values are expressed as mean+S.E.
* p<0.05 when compared with control.

£ 7} 77l ¥4 calcium, phosphorus, 2447} 55
calcium, phosphorusel] 2]}t Xlo]7} gigicKTable 1
~5).

Table 3. Serum PTHrp, Calcium and Phospho-
rus Values according to Bone Meta-
stasis in Epidermoid Carcinoma

No. PTHrp(pg/ml} Ca(mg/dl) P(mg/dl)

Control 22 1584382 9.1+0.12 3.940.20
Bone Metastasis

Absent 26 50+64.4 8.8+0.08 3.9+0.08
Present 8 1526+811.2* 924060 3.61+0.12

Values are expressed as mean+S.E.
* p<0.0005 when compared with control.

Table 4. Urine Calcium and Phosphorus Values
in Control and Lung Cancer Patients

Urine Ca(mg/dl) Urine P(mg/dl)

Control 196+ 9.0 510+447.0

Lung cancer 173+13.4 602+447.0
Epidermoid ca. 192+19.8 6461121.5
Adenoca. 1514283 517+79.4
Large cell ca. 193 672
Unclassified ca. 1641+27.4 4211439
Small cell ca. 140£31.0 695+124.7

Values are expressed as mean+S.E.

Table 5. Urine Calcium and Phosphorus Values
according to stages in Epidermoid
Carcinoma

Urine Ca(mg/dl) Urine P(mg/dl)

Control 196£9.0 510+447.0
Stage 1 245

Stage 11 188 +68.3 2561+216.5
Stage Illa 183+43.6 271+177.5
Stage IIb 203+36.5 799+196.8
Stage IV 183+38.2 769+221.5

Values are expressed as mean S.E.
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o}l Foko] MHA AP Z(humoral hypercal-
cemia of malignancy: HHM)+= #H|ol= #5340l
A Zdbsie, ofl Foklld nda¥Fel v B
35%0N4 Higto] whaxlc)l. Feljelle PTHYF 402
BE] o]4A AWA(ectopic production) Z|7] wjEo g
Fgor) PTHEE AE3PY 40| AR E W
A o g goldt BAES] Vo] 7FsAel A4
=9]c}.

19874 sy d5o] AT WA= A EH90
cell line BENoI|4] PTHrp7} As]o), o]e] Lz9}
DNA cloning, 28 7|4 2| <77t iz
PTHrp7} HHM] F7HEAY 7HsAlol AXI=%Ict
Powell 592 m8Z0) J454E SR oiv
9] F<k sAtellA PTHY| Tt A B o+ 9l
Rort FoF =2 FEHEE AGA in virroollH FHFH
Q! HAFHTE WEHE 7 U, WA Fekel A
g X 5% aAEESe $He Y sk o
A FdlN 2AFEFE WA A 7Rl
St Fol] A4 Q19 F7) Yol ARIEFe] 5
HEElE @F cAMPHdo] F7)slo] giAul), kA
A7 sdRE 2ol dEde] 2S5l
A PTH= A=lo] Qlek. Agshs o 2 k4] Kk
A 715871E3 FA%H) PTHZE Ao vk A
& Fgolld BusElE 54 F40] PTHE 24 7}
TS AR ololl o3t A At 3TEEFTE
dol FgollA PTH FAEEE 2 bioassay 7]
o] 7S F PTHpE Hejskn FabA =il
248 cloning © 2 ¥¥lulel] 2jsb PTHrpS} PTH
9] oAt viH-& amino-HlollA] FAFslo] ZuE 13
N F 8709] ofnliAle] U], o] domaine] PTH
FEA9] G430l I g#jct o] K9] o]dollA= PTH
9} PTHrpZloll w4 530l AL fick ohr)xit
18~342] 12} 484 A% domainollA% PTHE}
PTHrp9] 1X9 wde f§AMo] glck z2nt AY
domaing F Felo|=of|A 2% o-helical 23} F=2E

Zkst el

ofX

8470e) ojulAtoz olFolxl PTHe| Hlzeal
PTHrp = 139, 141, 1737]¢] opa|:=Ae] A71R] el
7} 9lem o] A7HA] isoforme] 1398 oju] ARl =
T wjdo] EFUsjc} o] isoforme- alternative RNA
splicing2 2 AJA=]w, 4] vlgo} B4 A2l 32
Fke| AN wagdFolNe 4 TS B
) o).

Q7+e] PTHipE Ali2¥ G| ol 21 B4 &
HrKsingle-copy gene)Z ZARIEE. Q17b9] PTHipE
A AZA Al(promoter) 7} 371, exono] 874¢] 3, alterna-
tive exon splicingo] 2345l ok4oloj4 PTH 4=}
stk YA Ssich Te} BlA 29} S5
49 §Agew Hol B AlzfHAKancestral
gene)oll4] 71Uk P,

PTHrp®} PTHE 5 F8Alloll g3t X3gg 2
olm, vl SARE B B4g Uehiir}. T4
BF 3272wEE AgolAe Q1 F 7ol uhE A
AEZF, AlAlA ] 1,25-dihydroxy vitamin DAY439]
7} % fuil’. 289 PTHp7} St g
F9Z A ofA= EA 1,25-dihydroxy vitamin D7}
DA A 715 PAF He) dede] o,

PTHrp7} 9] nzg8FolA 23 A1 3}
Uslolle £=2e] o{A)7} glck. PTHpE 03
A F% 124wEF B4 el vehla, <4
2ZERZNA BA PTHip7} Z7isle] glos™, &
EollA QIZF B AER fUd wdrES-8 PTHrp
A2 b = QIet?. oldt 7158 PTHp R
H7} gks] 2k gol Bk Ao] oha), Fof
o] skl Hedhe vehlie Aol

£ Fulsle] Al n7dEe dodle F
FE FEATIRL AR s Sl tiiEA ot o]
2loll= PTHrp+= #1% islet cell tumor, 748 (pheo-
chromocytoma)ollX&] nZkgdFE 7% A
217} T-cell lymphotrophic virusel] Zedxl oA gl=+-
oA PTHrp7} A= 22 4] T-AIE widdy grle)
3ol E3] AR

A4 o2 ¥F PTHIpE PTHo vlslo] dds] o
31, PTHrp7} calcium homeostasisS 248k o
)] okech e} PTHrp7} A} 22elid 32
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ThA oAt Fast A4 Ay 7S Sk 2L
wulsicl. PTHrpE ellehe] |, A4, A4 499,
BFE, 71} ool Aol A gieiAl Erighe}.
PTHrp7} £72 2] A4 el 71 esl= A% Sk

PTHrp7} gllofe} AQlellA} che] WiEn| =24, F3
ARAD, 2D, e, 2 JE Sk T8
w, % HETE o Fl= AE-& ¢t PTHrp7}
elote] Babd4lells EAllst el 2 A A
(active transport)®] ZAo|| F3}c}?. §5& Huls)
© f=As PTHrp7t EAlsls, Gasxkch
10,000u¢] 52 10°M HEZ 5l PTHip7} &
v} 53] f7loll A% F7HE & Y=, o}
vl ZZ2ekelo] AAE Z7HA1A PTHpe] A4S 5
7HA7) Ao g g%kt PTHip7} 8 7158 243}
= AYA FFoE FE] cheke] PTHpE A3sh= 4l
AolollA] o 75§ sheAe X vk A
keratinocyteol|*] PTHrp7} E&E| 0 Ao Elol|
Hoddt 7HsAde] k.

PTHrp9] A384] oAt HE] AJ%]l:= PTHrpo)
Z7H 2As 2ashe'” PTHrp 109~138 carboxy-
et B2 Aol PTHrpE AAs= Soll FA=
= Zolely| Hr} whx &3l AAdd sHsAel 9l
ok Il A & carboxy-gt E-ol] gt mie WA
AR Fok Aol A F43 A7) 2ol Bkl v}
9’1]:]’18)'

ZFAZ AN 53] o4, hippocampus E
ZeollA] HhAs, o]F AHAEES Zw Bl 9
slo] FEA T B electrical activityE HQlckar
Fheph,

A z2AdA e A4 S o 9sRE
FAE Aol gk 285ck et 134
e 24 A =AM Sz vhE 1 3
o] 7SR ech.

ERl Zgolaat AAolAe] ghabked o] Fe] =Ho
HBofste 22 PTHS A1 amino-dgle] ofu)it
PTHrp2| F7H 7hs4lo] A)AsIgie}?.

o|&A| PTHrp= oJ&|7HA] 715-& 713 EA-EAY
7FsAlol & ak ofuEl Al ofe] EAlol| fstod

I o] Febiert FAFAE I E(HAA), v

R DCAARED), ZRIEX(RHASD, Za=lcay
%7], transforming growth factorB(AAZ7}), tumor
necrosis factor(AARE7D, interleukin  2(RAAETP),
epidermal growth factor(AALZE7h ol 2%
PTHrp AJAdo] dgkg wh= A A4 zAoix
PTHrp7} E8isl= Zlo] & odollN ARy} wzkss
dFol e =t 3tollA PTHrp A7} S48
© A ARE 7 ok wEA B A7 An gy
PTHrp2| F4L igke] =747, Wr14dd, A% 5
I} AR olgdeha Sekshg 2 24X 2 7
3 AR BTN Y Fe) BRI
Sk 5ol ek %212 sl golo} dek

AgiAe) A7ANE B30 PTHID} ke
ZAol|4 A& thZ autocrine YE= paracrine 7)5-S
g Aoz FAEY, ok F4 gAlld BAEEE 2
Z58%E PTHrpS] chefst Aeiahs] 2k 712 o
Uil oJgt wefae] G4 Aol

A AEEF YA A4 cAMP F7}
7b F2 SR PAET, 2 glFolle} o] PTHrp
7} 37t 9ol A4 ZwEEQ SiiddiA o] ge
AL Ze] A 2H-(homeostasis) 7|1A-g =Y 3}
Avt ke o g9le] 9lg wlioll PTHrpell 23k 31
ZgdFo] Vb Y| wiifo & fekcl & Fak 3ix}
A HF L& PTHrp ool AlEe x|k 5 we
2]lell el ZAA 7] wiZelct. 12]1 PTHrp7} 4|
E9t Aol A= FAH 0 ek AXEolE dF
o= Bl VA 28 7HeA, 32 ookt Zoka)
8 AFollA] EolElE €5 PTHpe] 40l B} &
oJAlo] %2 monoclonal antibody$} 122] polyclonal
antibody Hx} X3}4Jo] 2 anti-peptide antibody S
ARgtod two site assay 2] AJefo] 7hgsllol Ats] B
7R & & Aoleke ANE Yop.

 dellA PTHrp7} A IVH7] F & Hel7t e
HP G| M EQYoA SAs| F7)st0d, PTHrp7} H3
I AEDNA Ae P =9} HAIE Hslburden)
ofl o] 9 7Fsd 32 PTHrp7} wiollA] A3Ad==
Aol ¥iA lend = Holo} HHo] Qg 714
sol g%k PTHip7}l H2 3ol e aawds
o] glolx Aag wdwdESe] Al 71545 9




sh Fdsiodol shAlet

ol4e] AZoz ¥%F PTHE HETINE 42
#F 7%o] Hn, A 2FUFY AN B
A= 3, PTHrp 7} $oks g Fo] SR &
£ S PTHpZE F4] AWy 34585 71ds 2+
ARE = glow, widh 271 244, 7]
l¥ ol QRLZE PTHrp 1-34 F4o] F3tsietal
A2 F Aol7t s AR oAlollA] Frbeke 7
golzz 7)ol oflF &AL X7 WS- 8 Al
A9 &8 7154 Boll theled Moz AEY 71|
7h Yok gho g nEdE gl Bt g dE
AegetaL Boliol & AAEE Mishe 59 ¥
ATE Hasjct

2 o

oA ot FF 3AlollA PTHrp7} 2258%
& SR < Qlgo) hiRlon, ofd FF B3l |
FATAE s=igholld] F Ho] glo] a@dwdFol FF
Fg=| o2 PTHrp7| 9ol APAE o ol e} Aado]
e 7HsAlol Slrk A4 AHEF =Y SAHE
¥ PTHrpE Z4ske oMl AAE ol 83bH H
BA] sigre] =713k, X\ 8aks-e] 33, Apke] i
Al B8 g 7HsAel ek

iy =AeHog Aty =t AT 9 =T
©] 3% PTHrp & WA AAZ &880 Y
AN 7 AES, W71, F o] -7l W& PTHrp
o] ¥Ex)o} ¥ 24 9l 9, 4A 2F A U Q)
o) wiAdskale] BAE 2ABIRI

20} &% PTHrp(¥H#+S.E)= HE=F(n=22) 158
+38.2pg/ml, AA| H|hT(n=63) 3121+68.9pg/mlo2
HgkFollA] =& o]t fejd Aol ek 7
AEHel webE FPLTAMET(n=34) 356k
103.9pg/ml, A1¢F(n=15) 281 +148.7pg/ml, AANZEF
Fn=9) 316+140.8pg/ml, thA1EHn=1) 65.0pg/ml,
o) 53} v| R AENEn=4) 114£77.9pg/mi 2 H
AT NEGToNA =& 3ot 2 T o = el
felg Zel7t gisick

H34ziglel W7]oll uhZ ¥4 PTHrp(BT+SE)

= A 18¥7)(n=1) 143pg/ml, A I¥7)(n=3) 570+
472.3pg/mi, #| Ila ¥7)(n=9) 166+22.4pg/ml, A
b #W7i(n=12) 282+113.3pg/ml, A IV ¥7|n=9)
668 £367.9pg/ml 2 A 11 ¥rie} Al IV ¥7]ollA =
il ulsh felshAl E3kekp <0.05).

Z Ao|7} A= H%H 47U n=8)2] 7% ¥ PTHrp
L 1526:+811.2 pg/mlE thzFol vl gelslA] =9t
211p<0.0005), F AHol7} gl T dl=F} Ao]
7} 9193, ¥©A 9 24 A7 1% calcium, phosphorus
9] Xo)= A=A sich. nAFEFL BTG
1 ofleild] FAs]gi o, o] dlleflA] PTHrp= 244pg/ml
2 A it

=, =k, Hide] AE o Hijke] ol w
2 7} 27l ¥ calcium, phosphorus, 24X)7} 5%
calcium, phosphorusel] -f-2jgt Xjo]7} gigict.

Z4E: €% PTHp: tizdolAE 43 HEel
s, A4 ZEdZ SRiEAelA o AEER,
PTHrp7} Fole 24E¥EFel Bi=EA o §
PTHrpE Z<ko| Ml 2258% 714e 27 4%
e glom, sioh Z/u7e] A7), W] W ol
dll& QIAL2= PTHrp 1-34 F73o] BAgsicts Ak
At F Aoz} = AP ollollA] Frlsie 73]
=22 #H7)9} ol «ll&207), X8 vk 2 A Sl
9] 3§ 7HsAdol skl HFH g HEY 7EAI7 A
o} oz 1AEET el Kok g2 oAlE A
33 BojAo] B AAHE Misle 9 FF AT
T gesi)
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