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Giriş
Primer hiperparatiroidi (PHPT), hiperkalsemi ve 
artmış veya uygunsuz olarak normal parathor-
mon (PTH) düzeyleri ile karakterize olan ve sık 
görülen bir endokrin bozukluktur. Bir veya bir-
den çok paratiroid bezinde artmış PTH sekres-
yonu sonucu oluşur (1). Tanı biyokimyasal olarak 
konulur. Hiperkalsemili bir hastada uygun olma-
yan şekilde normal (>20 pg/ml) olan PTH sevi-
yeleri PHPT tanısı ile uyumludur. Tekrarlanan 
laboratuvar testlerinde serum kalsiyum seviyeleri 
aralıklı olarak normal aralığa düşebilir; bu bulgu, 
hiperkalseminin ‘tekrarlayan paterni’ belirgin ol-
duğu sürece PHPT tanısı ile uyumludur (1).

PHPT’li hastaların çoğunda tek adenomatöz 
(%80) veya çoklu hiperplastik (%15 ila %20) pa-
ratiroid dokusu vardır. Multiglandüler hastalık 
iki ve çok nadiren üç adenom olarak da kendi-
ni gösterebilir. Paratiroid karsinomu nadirdir ve 
tüm PHPT vakalarının <%1’ini oluşturur(2). Hi-

perkalseminin paratiroid dışı nedenleri (maligni-
te veya granülomatöz hastalık gibi) baskılanmış 
PTH seviyeleri ile ilişkilidir. Paratiroid olmayan 
bir tümörden ektopik PTH salgılanması, nadiren 
geç evre malignitelerde belgelenmesine rağmen 
oldukça nadirdir (1). Tipik olarak yaklaşık on yıl 
daha genç olan hastalar, çok daha yüksek serum 
kalsiyum ve PTH seviyeleri ile başvurduğunda 
paratiroid kanseri şüphesi artmalıdır. Bu hastalar-
da, böbrek ve iskelet tutulumu sıklıkla bulunur(3).

Bu bölümde PHPT’nin gelişiminden sorumlu 
olan patogenetik mekanizmalar gözden geçirile-
cektir.

Primer Hiperparatiroidide Patogenez

Paratiroid adenomlarına paratiroid hücrelerinin 
DNA’sındaki mutasyonlar neden olur. Bu mutas-
yonlar, etkilenen hücrelere, normal hücrelere göre 
çoğalma veya hayatta kalma avantajı sağlar. Bu 
avantajın bir sonucu olarak, belirli bir paratiroid 
hücresinin soyundan gelenler, bir hücre klonu, bir 
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Tablo 1: PHPT’nin kalıtımsal formları

Ailesel sendrom Klinik manifestasyonlar Gen (protein) Kalıtım paterni

MEN 1

PHPT (%95), ön hipofiz adenomları 
(%30), pankreas nöroendokrin tümörleri 
(%40); diğer özellikler arasında adrenal 
adenomlar, karsinoid, lipomlar, 
anjiyofibromlar ve kollajenomlar yer 
alabilir

MEN1 (menin) Otozomal 
dominant

MEN 2A Medüller tiroid kanseri (%90), 
feokromositoma (%50), PHPT (%20)

RET (proto-
oncogene 
c-Ret)

Otozomal 
dominant

MEN 4

PHPT (~80%), ön hipofiz tümörleri (~%40), 
pankreas nöroendokrin tümörleri; diğer 
özellikler karsinoid, adrenokortikoid 
tümörler, tiroid tümörleri, üreme organı 
tümörleri ve renal anjiyomiyolipomları 
içerebilir.

CDKN1B (p27) Otozomal 
dominant

AIPHPT İzole PHPT

MEN1 (menin)
CASR (CASR)
GCM2 (GCM 
motif protein 2, 
hGCMb olarak 
da)

Otozomal 
dominant

Hiperparatiroid-
çene tümörü 
sendromu

PHPT (%80), sıklıkla paratiroid 
karsinomu (>%15), çene tümörleri 
(>%30); diğer özellikler arasında böbrek 
anormallikleri, rahim tümörleri, pankreas 
adenokarsinomu, testiküler mikst 
germ hücreleri ve Hürthle hücreli tiroid 
adenomları sayılabilir.

CDC73 
(HRPT2 olarak 
da bilinir; 
parafibromin)

Otozomal 
dominant

AIPHPT, ailesel izole primer hiperparatiroidi; MEN, multipl endokrin neoplazi; PHPT, primer hiperparatiroidi.

etkiye sahiptir. MEN1 geni, sporadik vakalarda ol-
duğu kadar AIPHPT’de önemli bir rol oynar ve bu 
genin protein ürününün işlevi ile ilgili çalışmalar 
devam etmektedir. CDKI genindeki mutasyonlar 
sporadik paratiroid adenomlarının gelişimine ka-
tılabilir. Tüm bu yeni keşifler, var oldukları nere-
deyse kesin olan paratiroid tümörünü tetikleyen 
diğer genlerin tanımlanmasını kolaylaştıracak gibi 

görünmektedir. Anormal paratiroid hücre prolife-
rasyonu ile anormal hormonal düzenleyici fonk-
siyon arasındaki ilişkinin moleküler temelinin ve 
ayrıca paratiroid hastalığına özgü diğer problem-
lerin yakında açıklanabileceği ile ilgili umutlan-
mak için önemli göstergeler bulunmaktadır(8).

Kaynaklar
1.  Walker MD, Silverberg SJ. Pri-

mary hyperparathyroidism. Nat. 
Rev. Endocrinol. 2018;14(2):115–
125.

2.  Bilezikian JP, Cusano NE, Khan 
AA, Liu J-M, Marcocci C, Ban-
deira F. Primary hyperparath-
yroidism. Nat. Rev. Dis. Prim. 

2016;2:16033.
3.  Lee PK, Jarosek SL, Virnig BA, 

Evasovich M, Tuttle TM. Trends 
in the incidence and treatment of 
parathyroid cancer in the United 
States. Cancer 2007;109(9):1736–
1741.

4.  Arnold A, Staunton CE, Kim HG, 
Gaz RD, Kronenberg HM. Mo-
noclonality and Abnormal Parat-

hyroid Hormone Genes in Parat-
hyroid Adenomas. N. Engl. J. Med. 
1988;318(11):658–662.

5.  Arnold A, Shattuck TM, Mallya 
SM, Krebs LJ, Costa J, Gallagher 
J, Wild Y, Saucier K. Molecular 
pathogenesis of primary hyperpa-
rathyroidism. J. Bone Miner. Res. 
2002;17 Suppl 2:N30-6.

6.  Bringhurst FR, Demay MB KH. 



Paratiroid Hastalıkları150

Hormones and Disorders of Mi-
neral Metabolism. In: Melmed S, 
Auchus RJ, Goldfine AB, Koenig 
RJ RC (eds)., ed. Williams Text-
book of Endocrinology,. 14th editi. 
Elsevier; 2020:1220–1238.

7.  Bilezikian JP, Bandeira L, Khan A, 
Cusano NE. Hyperparathyroidism. 
Lancet 2018;391(10116):168–178.

8.  Arnold A. LA. Molecular Basis of 
Primary Hyperparathyroidism. 
In: Bilezikian JP. et al, ed. The Pa-
rathyroids. Basic and Clincial Con-
cepts. 3rd editio. Academic Press; 
2015:279–296.

9.  Attie JN, Bock G, Auguste LJ. Mul-
tiple parathyroid adenomas: re-
port of thirty-three cases. Surgery 
1990;108(6):1014–9; discussion 
1019-20.

10.  Imanishi Y, Tahara H, Palanisamy 
N, Spitalny S, Salusky IB, Good-
man W, Brandi ML, Drüeke TB, 
Sarfati E, Ureña P, Chaganti RSK, 
Arnold A. Clonal Chromosomal 
Defects in the Molecular Pathoge-
nesis of Refractory Hyperparat-
hyroidism of Uremia. J. Am. Soc. 
Nephrol. 2002;13(6):1490–1498.

11.  Arnold A, Brown MF, Ureña P, 
Gaz RD, Sarfati E, Drüeke TB. Mo-
noclonality of parathyroid tumors 
in chronic renal failure and in 
primary parathyroid hyperplasia. 
J. Clin. Invest. 1995;95(5):2047–
2053.

12.  Friedman E, Sakaguchi K, Bale 
AE, Falchetti A, Streeten E, Zime-
ring MB, Weinstein LS, McBride 
WO, Nakamura Y, Brandi M-L, 
Norton JA, Aurbach GD, Spiegel 
AM, Marx SJ. Clonality of Parath-
yroid Tumors in Familial Multiple 
Endocrine Neoplasia Type 1. N. 
Engl. J. Med. 1989;321(4):213–218.

13.  Bilezikian L V. Parathyroids: 
morphology and pathology. In: JP, 
Marcus R LM, ed. The Parathyro-
ids: Basic and Clinical. Academic 
Press; 2011:1–16.

14.  Shonni J. Silverberg and John P. 
Bilezikian. Primary Hyperparath-
yroidism: Pathophysiology, Surgi-
cal Indications, and Preoperative 
Workup. In: Randolph G, ed. Sur-
gery of the Thyroid and Parathyro-
id Glands. Philadelphia, PA: Else-
vier; 2021:486–493.

15.  Brown EM. Role of the calci-
um-sensing receptor in extracellu-
lar calcium homeostasis. Best Pra-

ct. Res. Clin. Endocrinol. Metab. 
2013;27(3):333–343.

16.  Shlapack MA, Rizvi AA, Lopez 
FA. Normocalcemic Primary Hy-
perparathyroidism—Characteris-
tics and Clinical Significance of an 
Emerging Entity. Am. J. Med. Sci. 
2012;343(2):163–166.

17.  Lowe H, McMahon DJ, Rubin 
MR, Bilezikian JP, Silverberg SJ. 
Normocalcemic Primary Hyper-
parathyroidism: Further Charac-
terization of a New Clinical Phe-
notype. J. Clin. Endocrinol. Metab. 
2007;92(8):3001–3005.

18.  Christopher S. Kovacs. The Parat-
hyroids. In: Antonino Belfiore DL, 
ed. Principles of Endocrinology and 
Hormone Action. Springer Scien-
ce+Business Media Dordrecht; 
2018:367–387.

19.  Motlaghzadeh Y, Bilezikian JP, 
Sellmeyer DE. Rare Causes of 
Hypercalcemia: 2021 Upda-
te. J. Clin. Endocrinol. Metab. 
2021;106(11):3113–3128.

20.  Gurrado A, Marzullo A, Lissidini 
G, Lippolis A, Rubini D, Lastilla 
G, Testini M. Substernal oxyphil 
parathyroid adenoma producing 
PTHrP with hypercalcemia and 
normal PTH level. World J. Surg. 
Oncol. 2008;6(1):24.

21.  Eid W, Wheeler TM, Sharma MD. 
Recurrent Hypercalcemia Due 
To Ectopic Production of Parath-
yroid Hormone-Related Protein 
and Intact Parathyroid Hormone 
in A Single Patient With Multip-
le Malignancies. Endocr. Pract. 
2004;10(2):125–128.

22.  Attie MF, Gill JR, Stock JL, Spie-
gel AM, Downs RW, Levine MA, 
Marx SJ. Urinary calcium excre-
tion in familial hypocalciuric hy-
percalcemia. Persistence of relati-
ve hypocalciuria after induction 
of hypoparathyroidism. J. Clin. 
Invest. 1983;72(2):667–676.

23.  Baron J. Mutations in the 
Ca(2+)-sensing receptor gene ca-
use autosomal dominant and spo-
radic hypoparathyroidism. Hum. 
Mol. Genet. 1996;5(5):601–606.

24.  Varghese J, Rich T, Jimenez C. 
Benign Familial Hypocalciuric 
Hypercalcemia. Endocr. Pract. 
2011;17:13–17.

25.  Segersten U, Correa P, Hewison 
M, Hellman P, Dralle H, Carling T, 
Åkerström G, Westin G. 25-Hyd-

roxyvitamin D 3 -1α-Hydroxy-
lase Expression in Normal and 
Pathological Parathyroid Glan-
ds. J. Clin. Endocrinol. Metab. 
2002;87(6):2967–2972.

26.  Naveh-Many T, Rahamimov R, 
Livni N, Silver J. Parathyroid cell 
proliferation in normal and chro-
nic renal failure rats. The effects of 
calcium, phosphate, and vitamin 
D. J. Clin. Invest. 1995;96(4):1786–
1793.

27.  Moallem E, Kilav R, Silver J, Na-
veh-Many T. RNA-Protein Bin-
ding and Post-transcriptional 
Regulation of Parathyroid Hor-
mone Gene Expression by Calci-
um and Phosphate. J. Biol. Chem. 
1998;273(9):5253–5259.

28.  Ben-Dov IZ, Galitzer H, La-
vi-Moshayoff V, Goetz R, Kuro-o 
M, Mohammadi M, Sirkis R, 
Naveh-Many T, Silver J. The pa-
rathyroid is a target organ for 
FGF23 in rats. J. Clin. Invest. 2007. 
doi:10.1172/JCI32409.

29.  Witteveen JE, van Lierop AH, Pa-
papoulos SE, Hamdy NAT. Incre-
ased circulating levels of FGF23: 
an adaptive response in primary 
hyperparathyroidism? Eur. J. En-
docrinol. 2012;166(1):55–60.

30.  Arrangoiz R, Cordera F, Caba 
D, Muñoz Juárez M, Moreno E, 
Luque E. Parathyroid Embryology, 
Anatomy, and Pathophysiology of 
Primary Hyperparathyroidism. 
Int. J. Otolaryngol. Head &amp; 
Neck Surg. 2017;06(04):39–58.

31.  Silva BC KS. Cellular Actions of 
PTH. In: Bilezikian JP, ed. The Pa-
rathyroids. Basic and Clincial Con-
cepts.; 2015:127–137.

32.  Goltzman D. PTH Action on the 
Skeleton. In: Bilezikian JP, ed. 
The Parathyroids. Basic and Clin-
cial Concepts. Academic Press; 
2015:139–152.

33.  Silva BC, Bilezikian JP. Parathyro-
id hormone: anabolic and catabo-
lic actions on the skeleton. Curr. 
Opin. Pharmacol. 2015;22:41–50.

34.  Silverberg, S. J. & Bilezikian JP. 
Asymptomatic Primary Hyper-
parathyroidism. In: Bilezikian JP, 
ed. The Parathyroids. Basic and 
Clinical Concepts. Academic Press; 
2015:317–327.

35.  Silverberg SJ, Shane E, Jacobs TP, 
Siris ES, Gartenberg F, Seldin D, 
Clemens TL, Bilezikian JP. Neph-



Primer Hiperparatiroidi: Patogenez 151

rolithiasis and bone involvement 
in primary hyperparathyroidism. 
Am. J. Med. 1990;89(3):327–334.

36.  Ruda JM, Hollenbeak CS, Stack 
BC. A systematic review of the di-
agnosis and treatment of primary 
hyperparathyroidism from 1995 
to 2003. Otolaryngol. Neck Surg. 
2005;132(3):359–372.

37.  Cohen J, Gierlowski TC, Schnei-
der AB. A prospective study of hy-
perparathyroidism in individuals 
exposed to radiation in childhood. 
JAMA 1990;264(5):581–4.

38.  BENDZ H, SJODIN I, TOSS G, 
BERGLUND K. Hyperparathyro-
idism and long-term lithium the-
rapy - a cross-sectional study and 
the effect of lithium withdrawal. J. 
Intern. Med. 1996;240(6):357–365.

39.  Vaidya A, Curhan GC, Paik 
JM, Wang M, Taylor EN. Phy-
sical Activity and the Risk of 
Primary Hyperparathyroi-
dism. J. Clin. Endocrinol. Metab. 
2016;101(4):1590–1597.

40.  Vaidya A, Curhan GC, Paik JM, 
Wang M, Taylor EN. Body Size 
and the Risk of Primary Hyper-
parathyroidism in Women: A 
Cohort Study. J. Bone Miner. Res. 
2017;32(9):1900–1906.

41.  Paik JM, Curhan GC, Taylor EN. 
Calcium intake and risk of pri-
mary hyperparathyroidism in 
women: prospective cohort study. 
BMJ 2012;345(oct17 4):e6390–
e6390.

42.  Vaidya A, Curhan GC, Paik JM, 
Kronenberg H, Taylor EN. Hy-
pertension, Antihypertensive 
Medications, and Risk of Inci-
dent Primary Hyperparathyroi-
dism. J. Clin. Endocrinol. Metab. 
2015;100(6):2396–2404.

43.  Griebeler ML, Kearns AE, Ryu E, 
Thapa P, Hathcock MA, Melton 
LJ, Wermers RA. Thiazide-Asso-
ciated Hypercalcemia: Incidence 
and Association With Primary 

Hyperparathyroidism Over Two 
Decades. J. Clin. Endocrinol. Me-
tab. 2016;101(3):1166–1173.

44.  Thakker R V. Genetics of parat-
hyroid tumours. J. Intern. Med. 
2016;280(6):574–583.

45.  Newey PJ, Nesbit MA, Rimmer 
AJ, Attar M, Head RT, Christie PT, 
Gorvin CM, Stechman M, Gre-
gory L, Mihai R, Sadler G, McVe-
an G, Buck D, Thakker R V. Who-
le-Exome Sequencing Studies of 
Nonhereditary (Sporadic) Parat-
hyroid Adenomas. J. Clin. Endoc-
rinol. Metab. 2012;97(10):E1995–
E2005.

46.  Costa-Guda J, Arnold A. Genetic 
and epigenetic changes in spora-
dic endocrine tumors: Parathyro-
id tumors. Mol. Cell. Endocrinol. 
2014;386(1–2):46–54.

47.  Mallya SM, Gallagher JJ, Wild YK, 
Kifor O, Costa-Guda J, Saucier K, 
Brown EM, Arnold A. Abnormal 
Parathyroid Cell Proliferation Pre-
cedes Biochemical Abnormalities 
in a Mouse Model of Primary Hy-
perparathyroidism. Mol. Endocri-
nol. 2005;19(10):2603–2609.

48.  Pandya C, Uzilov A V., Bellizzi J, 
Lau CY, Moe AS, Strahl M, Ha-
mou W, Newman LC, Fink MY, 
Antipin Y, Yu W, Stevenson M, 
Cavaco BM, Teh BT, Thakker R V., 
Morreau H, Schadt EE, Sebra R, Li 
SD, Arnold A, Chen R. Genomic 
profiling reveals mutational lan-
dscape in parathyroid carcinomas. 
JCI Insight 2017;2(6). doi:10.1172/
jci.insight.92061.

49.  Yu W, McPherson JR, Stevenson 
M, van Eijk R, Heng HL, Newey P, 
Gan A, Ruano D, Huang D, Poon 
SL, Ong CK, van Wezel T, Cava-
co B, Rozen SG, Tan P, Teh BT, 
Thakker R V, Morreau H. Who-
le-Exome Sequencing Studies of 
Parathyroid Carcinomas Reveal 
Novel PRUNE2 Mutations, Dis-
tinctive Mutational Spectra Rela-

ted to APOBEC-Catalyzed DNA 
Mutagenesis and Mutational En-
richment in Kinases Associated 
With Cell Migration and Inva-
sion. J. Clin. Endocrinol. Metab. 
2015;100(2):E360–E364.

50.  Corbetta S, Vaira V, Guarnieri V, 
Scillitani A, Eller-Vainicher C, 
Ferrero S, Vicentini L, Chiodini I, 
Bisceglia M, Beck-Peccoz P, Bosari 
S, Spada A. Differential expression 
of microRNAs in human parath-
yroid carcinomas compared with 
normal parathyroid tissue. Endocr. 
Relat. Cancer 2010;17(1):135–146.

51.  Pardi E, Marcocci C, Borsari S, Sa-
ponaro F, Torregrossa L, Tancredi 
M, Raspini B, Basolo F, Cetani F. 
Aryl Hydrocarbon Receptor Inte-
racting Protein ( AIP ) Mutations 
Occur Rarely in Sporadic Parath-
yroid Adenomas. J. Clin. Endocri-
nol. Metab. 2013;98(7):2800–2810.

52.  Cromer MK, Starker LF, Choi M, 
Udelsman R, Nelson-Williams C, 
Lifton RP, Carling T. Identification 
of Somatic Mutations in Parathy-
roid Tumors Using Whole-Exome 
Sequencing. J. Clin. Endocrinol. 
Metab. 2012;97(9):E1774–E1781.

53.  Mizobuchi M, Ritter CS, Krits I, 
Slatopolsky E, Sicard G, Brown 
AJ. Calcium-Sensing Receptor 
Expression Is Regulated by Glial 
Cells Missing-2 in Human Parat-
hyroid Cells. J. Bone Miner. Res. 
2009;24(7):1173–1179.

54.  Carling T. Molecular pathology of 
parathyroid tumors. Trends En-
docrinol. Metab. 2001;12(2):53–
58.

55.  Samander EH, Arnold A. Muta-
tional Analysis of the Vitamin D 
Receptor Does Not Support Its 
Candidacy as a Tumor Suppres-
sor Gene in Parathyroid Adeno-
mas. J. Clin. Endocrinol. Metab. 
2006;91(12):5019–5021.


