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 Abstract  
Measurements of human chorionic gonadotropin (hCG) synthesized by trophoblast cells is a powerful tool 
of pregnancy monitoring. It was showed that similarly to pregnancy also trophoblastic and nontrophoblastic 
malignancies produce variety of hCG molecules. In urine and serum of both pregnant women and tumors patients a 
fifteen various forms of hCG, such as: regular hCG, hyperglycosylated hCG and predominant hyperglycosylated hCG 
free �, were identified. These forms might be useful in order to recognize between physiological and pathological 
pregnancies as well as cancers. 

Even the presence of these different hormone variants is well documented the commercially available biochemical 
tests detecting hCG failed to identified and distinguish among these forms. Especially hard is to identify glycan 
chains linked to heterodimer. Thus, a detailed analysis of hCG-related molecules produced during physiological and 
pathological condition, together with a new tests development are needed.
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 Streszczenie        
Wykrywanie ludzkiej gonadotropiny kosmówkowej (hCG) produkowanej przez komórki trofoblastu jest 
wykorzystywane do wykrywania i monitorowania  rozwijającej się ciąży. 

Oprócz ciąży szereg nowotworów pochodzenia zarówno trofoblastycznego jak i nietrofoblastycznego cechuje 
synteza i wydzielanie różnych form gonadotropiny kosmówkowej. Dotychczas w surowicy i moczu kobiet 
ciężarnych oraz u osób z chorobami nowotworowymi zidentyfikowano piętnaście różnych form hCG. Najczęściej 
występującymi cząsteczkami są: regularna hCG, hiperglikozylowana hCG i hiperglikozylowana wolna podjednostka 
beta. Cząsteczki te mogą być wykorzystane do rozróżnienia pomiędzy ciążą fizjologiczną a patologiczną, czy 
rozpoznania nowotworu rakiem 

Niestety dostępne na rynku testy diagnostyczne nie są wstanie wykryć i rozróżnić poszczególnych form hCG. 
Szczególnie trudne w identyfikacji są reszty cukrowcowe związane z hormonem. Szczegółowa analiza cząsteczek 
hCG produkowanych w określonych warunkach fizjologicznych jak i patologicznych powinna pozwolić na 
opracowanie nowych testów pozwalających na ich identyfikację. 
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Figure 1. Glycosylation pattern of hCG molecule: A – structure of hCG molecule ; B – monoantenary oligosaccharides residues linked to hCG, C – biantenary structure of 
sugars linked to hCG, D – triantenary structure of sugars linked to hCG. 
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Table  I .  The most common forms of hCG-related molecules.

no ������ �	�
 description ���	�����	�

1 hCG intact hCG biologically active; present in urine and serum of 
pregnant women and cancer patient [35]

yes

2 hCGn nicked hCG non active; occurs in plasma and serum of 
pregnant women and cancer patients [37]

yes

3 ���� ����	�
������ non active; present in plasma and serum, 
especially in cancer patients; 
���������	��	����	�������	����	��	��������	�	
trophoblast cells only and is not incorporated into 
hCG; 
�����������	��	���	���	����	���	�	����	
as a screening for pregnancies at risk for fetal 
chromosome abnormalities [38]

yes

4 ���� ����	�
������ unstable; occurs in plasma of pregnant women 
and cancer patients [4]

yes

5 ����� nicked free 
�
������

unstable; commonly occurs in urine, detected in 
plasma both during pregnancy and cancer [39]

yes

6 hCGcf �	����	�������� major form in urine of pregnant women and molar 
and hyperemesis gravidarium patients [39]; in 
plasma on a very low concentration level [39]

yes

7 H-hCG hyperglycosylated 
hCG 

detectable in serum and urine of pregnant women 
and cancer patient [15]; responsible for promotion 
of invasion, growth and malignancy [1]; may be 
������	��	���������	���	����	��������	��	���	����	
trimester of pregnancy [40]

no

8 �
���� hyperglycosylated 
����

detectable in serum and urine of cancer patient;
promote growth, invasion and metastasize [15]

no

9 hCG lacking 
the CTP

hCG lacking the 
CTP

���������	��	�����	��	����	������	��������	�!"# no

10 $
����	 O-glycosylated 
alpha subunit 

produced by placenta during pregnancy and by 
nontrophoblastic cancers [41]

no
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Table  I I .  Concentration of hCG in serum samples in pregnancy and pregnancy disorders.

condition ����
�
�

early pregnancy (3-4 weeks) 22-239 mIU/ml [1]

general pregnancy (6 weeks - term) 16.850 mIU/ml [1]

ectopic pregnancy
��������	 ����	 ��	 �������	 ����	 ��	 %���	 ��	 ���	 �����	 ��	
Douglas

>1500 IU/l [42]

��������	�������	��	�������	����	��	%���	��	���	�����	��	
Douglas

>2000 IU/l [42]

complete hydatidiform mole >100.000 mIU/ml [1]

partial hydatidiform mole ������&	'*+"::	�<=?��
(range of 11.600 to 220.114 mIU/ml) [1]

choriocarcinoma >1.000.000 mIU/ml [43]

placental site trophoblastic tumor ������&	!:	�<=?��
(range of 1 to 231 mIU/ml) [1]

Table  I I I .  hCG-related molecules serum level [2].

condition 

�� ���� �����

presence level –  
comparing to 
2nd trimester 
pregnancy 

presence level –  
comparing to 
2nd trimester 
pregnancy 

presence level –  
comparing to 
2nd trimester 
pregnancy 

spontaneous abortion + = + B + B

ectopic pregnancy + = + B + B

invasive hydatidiform mole + E + = + =

invasive trophoblastic 
diseases + E + B + E

non-invasive trophoblastic 
disease + = - B - B

21 trisomy + E + E + E

18 trisomy + B + B no data no data

13 trisomy + B + B no data no data

choriocarcinoma + E	 + E + =

testicular germ cell 
malignancy + B + E + =

non-gestational 
malignancies + B + B + E

Legend:
 ”+” –  presence, “- “ – lack; “=” – no changes in hCG level, ”�” – decrease of hCG level, “�” – increase of hCG level
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Table  IV.  Automated diagnostic analysers and kits used for determination of hCG level in blood samples. 

��	������������
����� �
�
�����������
�
�
���������
���
�

�� ���

F���	F��������	?F��������	�����	���� 2.0 mIU/ml yes yes

F���	FJKLM	?FJKLM	�����	����	 2.0 mIU/ml yes yes

N��Q���	F�����	?F����	�����	����	Rth IS 0.5 mIU/ml yes yes

$����	V�����	?V�����	�����	����	<<	W������	X��QY 0.70 mIU/ml detection
Z+!"	�<=?��	\������������ yes yes

X��Q��
^����	?F��������	���	_<`	 0.5 mIU/ml yes no

W����	^������	?����	����	 0.1 mIU/ml no yes

W����	 ^������	 ?���q�	 <�����	 �����	 ���������	
������������	q	���	�
������ 0.1 mIU/ml yes yes

Roche Elecsys/HCG STAT Human chorionic 
gonadotropin, STAT (Short Turn Around Time 0.5 mIU/ml yes no

Siemens Centaur /Access Total PhCG (5 th IS) 0.6 mIU/ml yes yes

Siemens Immulite 2000/HCG 0.4 mIU/ml yes yes

Tosoh AIA/ST AIA-PACK HCG 2.5mIU/ml yes no

Tosoh AIA/ST AIA-PACK HCGII 2.0 mIU/ml yes no

�̀���	F<F?K`	F<F
XF�_	���� 0.5 mIU/ml yes yes

�̀���	F<F?K`	F<F
XF�_	����<< 0.5 mIU/ml yes yes
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