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Aim. �e present study aims to analyze the potential role of VEGF +�	� C/T polymorphism in cervical intraepithelial neoplasia.
Material and Method. One hundred and eighty-six patients were included in the study: 
� cases (patients diagnosed with CIN)
and ��� controls (negative for both HPV testing and cytology). For each patient a single visit was scheduled when colposcopy was
performed. From cervical specimen, cytology and HPV testing were performed and from peripheral blood VEGF +�	� genotyping
was determined. For statistical analysis purposes OR and chi-square were used at a level of signi�cance of<�.��. Results. No link
has been found in the detection of CT genotype in cases versus controls, OR = �.
���, [�.��, �.��]. An inverse correlation has been
found between T allele and HSIL, OR = �.����, [�.��
	, �.���
], � = 0.0866. Conclusion. No link has been found between VEGF
+�	� C/T and cervical intraepithelial neoplasia.

1. Introduction

Cervical cancer represents even nowadays an important fac-
tor of morbidity and mortality being considered as the fourth
most frequent cancer in women worldwide [�]. Cervical
intraepithelial neoplasia corresponds to premalignant lesions
[�, 	]. WHO estimates that about �-�% of all women are
diagnosed every year with a CIN+ (cervical intraepithelial
neoplasia) lesion every year [�]. HPV plays a pivotal role in
cervical carcinogenesis [�, �].

Squamous cervical cancer is imagined as a continuous
process that takes place above the basal membrane of the
cervical squamous epithelium [�, �]. Di�erent classes of
cervical intraepithelial neoplasia LSIL (low grade intraep-
ithelial lesion) and HSIL (high grade intraepithelial lesion)
corresponding to the bioptic CIN I and, respectively, CINs II

and III are seen as di�erent stages of the same condition that
can either progress or regress to another cytological category
[�]. In LSIL, HPV HR is in most of the patients located in
the cytoplasm in an episomal state [�]. In case of persistent
HPV HR (High Risk Human Papilloma Virus) infections the
formal double circular HPV is disrupted and later integrated
in the nuclear host cell DNA leading to the secretion of large
amounts of E� and E
 viral oncoproteins [�].

VEGF (vascular endothelial growth factor) represents a
family of polypeptides including VEGF-A, VEGF-B, VEGF-
C, VEGF-D, VEGF-E, and placental growth factor (PLGF)
[
]. VEGF-A gene is located on �p��.	 and has eight exons
[
]. VEGF acts upon VEGF receptors promoting arterial,
venous, and lymphatic vasculogenesis [�]. Moreover VEGF
plays essential roles in tumor growth and metastasis [��].

�)�J�O�E�B�X�J���1�V�C�M�J�T�I�J�O�H���$�P�S�Q�P�S�B�U�J�P�O
�"�O�B�M�Z�U�J�D�B�M���$�F�M�M�V�M�B�S���1�B�U�I�P�M�P�H�Z
�7�P�M�V�N�F�����������
���"�S�U�J�D�M�F���*�%�����������������
�������Q�B�H�F�T
�I�U�U�Q�������E�Y���E�P�J���P�S�H������������������������������������������
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�e upregulation of E� and E
 HPV oncoproteins inacti-
vates tumors repressors p�	 and Rb (retinoblastoma) interfer-
ing with cell-cycle control, key step of cervical carcinogenesis
[��]. Also in primary foreskin keratinocytes the expression of
the same molecules, HPV �� E� and E
, was associated with
increased amounts of VEGF (vascular endothelial growth
factor) [��]. Moreover VEGF levels have been found to be
elevated in cervical cancers and its precursors [�	].

Neoangiogenesis is present in early stages of cervical
neoplasia CINs (cervical intraepithelial neoplasia). Vascular
pattern assessment represents an important step of col-
poscopy that helps to stratify the intraepithelial lesions.
Vessels are best visualized by using a green �lter. Abnormal
vessels depicted as mosaic, punctuation, pollarded vessels
depending on their characteristic (broadness, appearance,
pattern, and branching) are commonly seen in intraepithelial
neoplasia and microinvasive cervical cancer [��].

VEGF exerts important e�ects upon cervical angiogen-
esis; therefore, di�erent VEGF genotypes may have impact
upon cervical carcinogenesis. �e aim of the present study
is to analyze the relationship between VEGF +�	� C/T
(rs	����	�) genotypes and cervical intraepithelial neoplasia.

2. Materials and Methods

A total number of �
� patients were enrolled in the present
study at �st Clinic of Obstetrics and Gynecology, Cluj-
Napoca, Romania, in ����. �e research was designed as a
prospective case control including 
� cases and ��� controls.
Inclusions criteria for cases were represented by cytological
diagnosis of CINs. �e controls were represented by age-
matched females with a normal cytology and negative HPV.
�e refusal to participate in the study was a �rm exclusion
criterion. A�er signing the informed consent form all patients
were scheduled for a clinical visit. �e speci�c study form
was �lled for each patient including anamnestic data (age,
personal history, obstetric history, and previous CIN). Every
patient had a clinical examination followed by colposcopy
respecting the four steps (native, green �lter, acetic acid,
and Lugol•s Iodine solution) using a digital video colposcope
(MIKRO MZ�, Prague, Czech Republic) with integrated
camera Leica IC
�HD� (Prague, Czech Republic). For a
better assessment of vascular pattern the green �lter was
used whenever necessary also a�er acetic acid application.
A cervical specimen was obtained for each patient before
the colposcopic examination. In cases of clinical indication
a specimen biopsy was taken under colposcopic guidance.
All patients with HSIL (high grade squamous intraepithelial
lesion) were referred for cold knife conization. At the end of
the visit � mL of peripheral blood was drawn.

Cervical specimens were used for performing liquid
based cytology and HR-HPV typing. �e cervical cytology
was examined in the laboratory of the above mentioned
university hospital according to the Bethesda nomenclature
[��].

�e DNA extraction and genotyping was performed
at the Department of Medical Genetics. Genomic DNA
was extracted from 	�� � L peripheral blood samples using
Wizard Genomic DNA Puri�cation Kit (Wizard� Genomic

T���� �: Patients classi�cation according to the cytological diagno-
sis.

Cytological classi�cation of
the cervical dysplasia

Number of patients

Controls NILM ���

Cases

ASC-US ��

ASC-H ��

LSIL �

HSIL 	�

CIS ��

LSIL + HSIL + CIS ��

HSIL + CIS ��

Total 
�

NILM, negative for intraepithelial lesion; ASC-US, atypical squamous cells
of undetermined signi�cance; ASC-H, atypical squamous cells„cannot
exclude HSIL; CIS, in situ carcinoma.

DNA Puri�cation Kit, Promega, MA, USA). �e DNA was
stored atŠ�� � C before genotyping. VEGF +�	� C/T SNP
(single nucleotide polymorphism) rs	����	� was detected
using a RFLP (restriction fragment length polymorphism) as
described previously [��].

�e study database was created and later analyzed using
Microso� Excel ���
 � and STATA Intercooled ��� (College
Station, Texas, USA).�-test was used for comparison of
di�erent classes of women. �e relationship between VEGF
alleles and genotypes with cervical intraepithelial neoplasia
was assessed using the chi-square test and the odds ratios
(OR) with ��% con�dence interval (CI).

3. Results

A total number of �
� patients were enrolled in the study
including 
� cases and ��� controls. �e distribution of
patients a�er their respective cytological category is depicted
in Table �. �e average age was ��.	� years for cases and ��.	�
for controls, respectively. No statistical di�erence regarding
average age has been found between cases and controls (� =
�.�

, � = 0.2404). Moreover no statistical signi�cance was
found in the age of the following groups: LSIL/HSIL (� = �.�
�,
� = 0.8568), HSIL/CIS (� = �.
�
, � = 0.0685), and LSIL/HSIL
(� = �.�
�, � = 0.297).

As expected wild VEGF +�	� CC homozygous genotype
was the most frequently encountered (cases: 
	.		%; controls:

�.�
%) while the heterozygous CT was detected in ��.	�%.
�e VEGF +�	� TT homozygous genotype was identi�ed
in only one patient with in situ carcinoma; therefore, it was
excluded for further statistical analysis. �e common variant
VEGF allele +�	� C was prevalent in cases (
�%) and in
controls (
�.��%). �e frequencies of VEGF +�	� genotypes
and alleles are depicted in Table �.

While examining the relationship between VEGF +�	�
heterozygous CT genotype and di�erent CINs categories
no statistical signi�cant association has been found (data
are showed in Table 	). However, data suggested potential
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T���� �: �e distribution of VEGF +�	� genotypes and alleles according to the cytological categories.

Cytological category
Genotypes Alleles

CC CT TT C T

Number % Number % Number % Number % Number %

NILM 
� 
�.�
 	� �
.�	 � NA ��� 
�.�� 	� �	.��

ASC-US 	 	�.�� 
 
�.�� � NA �	 ��.�� 
 	�.��

ASC-H 
 
�.�� � ��.�� � NA �
 ��.�� � ��.��

LSIL � ��.�� � ��.�� � NA �� 

.

 � ��.��

HSIL 	� 

.�
 � ��.�	 � NA �� ��.�� � �.
�

CIS 
 
�.
	 � �
.�
 � �.�� �
 
�.
� � �
.�


NA: not applicable.

T���� 	: VEGF +�	� genotype CT analysis.

Comparison OR OR ��% CI Chi-squared �
Cases/controls �.
��� (�.����, �.��
�) 	.

� �.����
LSIL/controls �.
	
	 (�.����, 	.
���) �.	�	 �.�	��
HSIL/controls �.���� (�.����, �.����) 	.	�	 �.���

CIS/controls �.���� (�.����, �.�	
�) �.��� �.����

protective e�ect: cases/controls, OR = �.
���, CI ��% [�.����,
�.��
�], �.����, the result being at the limit of signi�cance. �e
e�ect seems even more protective for HSIL (OR = �.����,
� = 0.0667) than for LSIL (OR = �.
	
	, � = 0.367) but
still not signi�cant. �e complete analysis of the relationship
between VEGF genotype and cervical dysplasia can be found
in Table 	.

In Table � allelic frequencies are investigated separately
in patients with di�erent CINs and controls. No statisti-
cal signi�cant di�erences have been found between cases
and controls and, respectively, di�erent CINs and controls.
Interestingly the presence of T alleles suggests a signi�cantly
di�erent behavior in patients with HSIL than LSIL exerting
a potential protective e�ect (OR = �.����, CI ��% [�.��
	,
�.���
], � = 0.0866).

4. Discussion

SNP (single nucleotide polymorphism) could be located in
any region of a gene structure including introns or exons.
SNPs either can have no e�ect or could upregulate or down-
regulate gene expression [�
]. �ey occur with a frequency of
�% of the human population and can in�uence the response
of the human body to environmental factors, diseases, drugs,
and therapies [�
]. �e studied polymorphism is located
within the promoter, key region of the gene expression [�
].
In the present study the expression level was not assessed, but
other researchers had demonstrated that this particular SNP
is functional [�
].

VEGF represents an important molecule for cervical
dysplasia [�	, ��, ��]. Moreover VEGF-C was identi�ed as
independent predictor of CIN II [��].

�e exact mechanisms of VEGF action in cervical car-
cinogenesis are not fully understood. It is not even known

exactly what type of cells secretes VEGF being incriminated
tumor cells themselves [��, ��] or tumor stromal cells [��].
Certainly VEGF plays a pivotal role in angiogenesis and
critical step in solid tumorigenesis including cervical location
[��, ��]. In the presence of persistent HPV HR in the
integrated form E� downregulates p�	 that stimulates VEGF
synthesis [��]. Moreover HPV E� independently increases
VEGF production by stimulating hypoxia inducible factor �
alpha (HIF-� alpha) secretion [�	].

VEGF stimulates the formation and di�erentiation of new
vessels within the tumor, extremely important in the process
of tumor growth [�	, ��]. In cervical cancer patient high
levels of VEGF are independent negative predictor factor for
radiotherapy [��] and chemotherapy [��]. Moreover Wu et al.
[�
] had demonstrated that VEGF mRNA from liquid based
cytology samples can be a useful tool in the triage of abnormal
Papanicolaou results.

VEGF is secreted in high amounts in CINs [�	], a positive
correlation being demonstrated between VEGF levels and
di�erent stages of CINs and of cervical cancers [�
…	�].

�e presence of T allele at VEGF +�	� is associated in
healthy women with a lower level of secretion [�
]. �ese
�ndings suggested that the presence of CT genotype (in our
study we had only one case of TT genotype; therefore, we
could not perform a statistical analysis only on the later
genotype) is associated with lower VEGF level. Moreover
a presumable diminished VEGF expression might exert
protective e�ects for CIN (genotype CT in cases/controls
OR �.
���, CI ��% [�.����, �.��
�]). �e protective e�ect
seems to be progressive from LSIL to HSIL (LSIL, OR =
�.
	
	; HSIL, OR = �.����). �e comparisons between cases,
here including LSIL and HSIL, and controls did not reach
the level of statistical signi�cance, even if the� value of
the comparison between cases and controls was extremely
close to the superior limit (�.����). Moreover a presumably
protective e�ect is present in patients with HSIL comparative
to LSIL OR = �.����, [�.��
	, �.���
]. Taking into account
all the � values from Tables 	 and �, we cannot conclude
that there is link between VEGF +�	� CT polymorphism and
cervical dysplasia.

Previous studies from the literature had shown that
VEGF expression is directly proportional to the CIN levels,
cervical cancer stages, and prognosis [�
…	�]; therefore,
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T���� �: VEGF +�	� alleles analysis; T versus C.

Comparison OR OR ��% CI Chi-squared �
Cases/controls �.���� (�.�
��, �.
���) � �.�
�
LSIL/controls �.
�
� (�.����, �.���
) �.��� �.����
HSIL/controls �.	

� (�.�	�
, �.���	) �.�	� �.��
�
LSIL + HSIL + CIS/controls �.

	
 (�.	
��, �.��

) �.�	� �.
��
HSIL + CIS/controls �.���� (�.��
�, �.	
�	) �.��� �.	�
�
HSIL/LSIL �.���� (�.��
	, �.���
) �.�	
 �.�
��
HSIL + CIS/LSIL �.				 (�.�

�, �.����) �.��	 �.		�


an innate potential low VEGF could modulate cervical
carcinogenesis.

To date, we have identi�ed only two articles that have
analyzed the relationship between cervical cancer and VEGF
+�	�, the results being similar with no statistical signi�cant
link found between VEGF +�	� genotype and cervical
cancer: CT genotype by Kim et al. (����), cases/controls (� =
199/���), OR = �.

, CI ��% (�.��, �.�	), � = 0.45 [	�],
and, respectively, by Konac et al. (���
), cases/controls (� =
32/���), OR = �.��, CI ��% (�.��…�.�	), � = 0.133 [	�]. �e
values of OR were similar in the three studies except for one
showing potential protective e�ect.

�e relationship between VEGF genetic polymorphism
and cervical dysplasia is far from being elucidated in our
opinion. �e present study opens future research directions;
it would be interesting to analyze the colposcopic appearance,
VEGF polymorphisms, and VEGF mRNA.
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Abstract: HELLP syndrome, also known as the syndrome of hemolysis, elevated liver enzymes, and
low platelets, represents a severe pregnancy complication typically associated with hypertension. It
is associated with increased risks of adverse complications for both mother and fetus. HELLP occurs
in 0.2�0.8% of pregnancies, and, in 70�80% of cases, it coexists with preeclampsia (PE). Both of these
conditions show a familial tendency. A woman with a history of HELLP pregnancy is at high risk for
developing this entity in subsequent pregnancies. We cannot nominate a single worldwide genetic
cause for the increased risk of HELLP. Combinations of multiple gene variants, each with a moderate
risk, with concurrent maternal and environmental factors are thought to be the etiological mechanisms.
This review highlights the signi�cant role of understanding the underlying pathophysiological
mechanism of HELLP syndrome. A better knowledge of the disease’s course supports early detection,
an accurate diagnosis, and proper management of this life-threatening condition.

Keywords: HELLP; pathogenesis; microangiopathy; genetic; placenta; DIC

1. Introduction
Hemolysis, elevated liver enzymes, and low platelet count syndrome, otherwise

known as HELLP syndrome, is considered a severe complication of pregnancy that coexists
in 70�80% of cases with preeclampsia [1]. The risk of developing HELLP syndrome within
a pregnancy ranges between 0.2% and 0.8%, with a 0�24% mortality rate [2�4]. The
perinatal death rate goes up to 37% [2,3]. It is associated with an increased risk of severe
complications for both mother and offspring [4�7].

Usually, patients develop HELLP syndrome before 36 weeks of gestation with vague
symptoms such as malaise (90%), right-upper-quadrant pain (90%), nausea, or vomiting [2].

The precise etiology of HELLP syndrome is not fully understood. Current hypotheses
include genetic mutation (both maternal and fetal) and in�ammatory origin [3]. HELLP
syndrome implies impaired placentation during the early stages of pregnancy, associated
with hepatic and coagulation cascade involvement [3]. Recent studies focused on the impli-
cation of placenta-derived in�ammatory cytokines and the role of immune maladaptation
in HELLP pathogenesis [6].
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A genetic analysis of the inheritability predisposition of HELLP syndrome in preg-
nancy has been explored. Results revealed both genetic and immunological factors that
play a role in pathogenesis [3].

Studies have shown that sisters and children of a woman who develops HELLP
syndrome have an increased risk for this condition [6,8]. A woman with a previous HELLP
pregnancy is at high risk for developing HELLP and PE in subsequent pregnancies [9�12].
A �rst pregnancy is less probable to be associated with increased risk for HELLP but has a
considerably higher risk of PE [4]. The antiphospholipid antibody syndrome (APLS) may
be related to the early onset of HELLP [6].

The classi�cation of HELLP syndrome is based on two main diagnostic de�nitions.
The Tennessee classi�cation is widely used for diagnosis [13]. It requires the presence
of (1) microangiopathic hemolytic anemia with abnormal blood smear and low serum
haptoglobin, (2) elevated LDH levels above 600 IU/L and ASAT above 70 IU/L (both
enzyme levels more than twofold the upper limit of normal values) or bilirubin more than
1.2 mg/dL, and (3) a platelet count below 100 � 109 L�1. The Mississippi classi�cation
underlines the severity of the disorder according to the nadir of the platelet count [14].
Current literature describes a clinically less severe entity, referred to as incomplete HELLP
syndrome, with only two criteria (�ELLP�) [6].

The onset of HELLP syndrome before 28 weeks’ gestation accounts for about 20�30%
of the cases and is associated with severe disease with rapid onset of clinical manifestations
that often coexist with fetal growth restriction [6,15]. Fetus delivery is the only ef�cient
treatment of HELLP syndrome [16].

Cytokines are involved in many pathological processes, including cancer and car-
diovascular diseases [4]. So far, recent literature has demonstrated their role in innate
immunity, cell growth, angiogenesis, apoptosis, and differentiation [4�8,17,18]. Although
the precise reason has not yet been fully elucidated, inappropriate levels of cytokines
that lead to a series of pathophysiological modi�cations seem to be the base of HELLP
syndrome [4�8].

The main purpose of this review is to determine which placental-derived factors are
potentially toxic for liver sinusoidal endothelial cells (LSECs). Last but not least, we aim to
unravel the pathogenic mechanisms of endothelial damage and activation of in�ammatory
reactions in the liver.

2. Placental Pathogenesis of HELLP Syndrome
Considered to have a role in the pathogenesis of HELLP syndrome is an in�ammatory

response in the placenta�liver axis [4]. The hepatic function in HELLP patients improves
within 6 weeks of delivery which advocates regarding the placenta as the primary situs
involved in the malfunctioning of the liver [17]. The placental factors and vasoactive
substances induce an enhanced in�ammatory state and endothelial damage (Figure 1),
resulting in sinusoidal obstruction syndrome (SOS) [18]. The endothelial damage in the
liver is thought to be responsible for the obstruction with red blood cells of the Disse space,
an area between liver sinusoidal endothelial cells and hepatocytes [4,19]. This leads to an
increased formation of microthrombi, ischemia of the hepatocytes, and ultimately liver
failure [4].
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VEGF�1 �9�1 Proangiogenic,�1prevents�1hypertension �1 Abildgaard �1et�1al.�1[6],�1Bussen�1et�1al.�1[20],�1Purwosunu �1et�1al.�1[21]�1

sFlt1�1 �9�9�1 Antiangiogenic, �1�S vasodilation, �1�R ET�,1�1
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ADMA �1 �9�1 �S�1NO�1synthase�1 Siroen�1et�1al.�1[33],�1Savvidou�1et�1al.�1[34]�1

Figure 1. Placenta-derived factors involved in HELLP pathology.

2.1. Placenta-Derived Factors Involved in the Pathophysiology of HELLP Syndrome
The factors involved in hepatic injury by increasing the apoptosis of the LSECs are

elements implicated in vascular homeostasis, growth factors, and components involved in
apoptosis (Figure 1 and Table 1).
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Table 1. Placental factors involved in pathogenesis of liver in HELLP women.

Factors HELLP Role References

Factors in�uencing the vasculature

VEGF " Proangiogenic, prevents
hypertension

Abildgaard et al. [6], Bussen et al.
[20], Purwosunu et al. [21]

sFlt1 "" Antiangiogenic, 	 vasodilation,
� ET-1

Abildgaard et al. [6], Zhou et al. [22],
Tache et al. [23], Whitehead et al. [24],
Schaarschmidt et al. [25], Venkatesha

et al. [26], Purwosunu et al. [21]

sEng ""
	 TGF� signaling, 	

vasodilation, antiangiogenic,
in�uences vascular permeability

Abildgaard et al. [6], Venkatesha et al.
[26], Purwosunu et al. [21]

Gal-1 " Proangiogenic, matrix
remodeling, procoagulant

Freitag et al. [27], Schnabel et al. [28],
Pacienza et al. [29]

ET-1 ""

Promotes hypertension,
increases hemolysis, liver

enzymes, CD4+ and CD8+,
decreases platelets

Morris et al. [30], Karakus et al. [31]

Angs-2 "" Activates endothelial cells Karakus et al. [31], Torry et al. [32]
ADMA " 	 NO synthase Siroen et al. [33], Savvidou et al. [34]

Growth factors

Inhibin A " Antagonise activin A Mylonas et al. [35], Muttukrishna
et al. [36]

Activin A 0

	Mitogen-induced DNA
synthesis, � apoptosis in

hepatocytes, " tubulogenesis of
LSECs induced by VEGF, "

survival of LSECs

Mylonas et al. [35], Endo et al. [37],
Rodgarkia-Dara et al. [38], Florio et al.

[39], Muttukrishna et al. [36]

Inhibin B 0 # FSH release Mylonas et al. [35], Vassalli et al. [40],
Cook et al. [41]

Activin B " " FSH release, promotes labor Mylonas et al. [35], Vassalli et al. [40],
Muttukrishna et al. [36]

Apoptosis/necrosis-related factors

FasL/Fas "" � Apoptosis Abildgaard et al. [6], Strand et al. [42],
Gibbens et al. [43]

Hsp70 ""
Marker of tissue damage, �
proin�ammatory immune

response, � endothelial injury
Molvarec et al. [44,45]

PP 13 " Development of fetal/maternal
interface, immune regulation Than et al. [46]

VEGF�vascular endothelial growth factor; sFlt1�soluble fms-like tyrosine kinase 1; sEng�soluble endoglin;
Gal-1�galectin-1; ET-1�endothelin-1; Angs-2�angiotensin-2; ADMA�asymmetric dimethylarginine; "�higher
than pregnant controls; ""�higher than "; 0�no signi�cant difference compared with controls; ��stimulates;
	�inhibits; #�decreases.

These molecules are held accountable for promoting vasoconstriction by decreasing
NO production, activating platelets with a shift in hemostasis, and activating LSECs favored
by an increased in�ammatory state [4]. Apoptosis of LSECs causes red blood cells to enter
the space of Disse, where they cause obstruction and eventually lead to liver failure [4,18].

2.1.1. Factors In�uencing the Vasculature
� VEGF (vascular endothelial growth factor)

The vascular endothelial growth factor (VEGF) represents a major proangiogenic factor.
Recent studies have shown that VEGF serum concentration, placental mRNA levels,
and cytotrophoblast expression of VEGF and their receptors in HELLP patients are
signi�cantly lower than the serum concentration of patients suffering from severe
preeclampsia (PE) but higher than the level in nonpregnant women [20,21]. Soluble
vascular endothelial growth factor receptor-1 (sVEGFR-1), also known as soluble fms-
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like tyrosine kinase-1 (sFlt-1), secretion is increased in HELLP patients, preventing
the interaction between VEGF and platelet growth factor with their receptors [22�
26]. sFlt-1 is produced by the placenta, macrophages, endothelial cells, and vascular
smooth muscle cells [21]. New studies cite the existence of a splice variant of sFlt (sFlt-
e15a/sFlt-14), which is upregulated in the placenta of PE and HELLP patients [4,24].

� sENG (soluble endoglin)
The concentration of soluble endoglin (sEng) is observed to be higher in women with
HELLP syndrome compared with nonpregnant and preeclamptic women, as well as
higher than the sFlt1 serum level [4,6]. It has been shown that both sEng and sFlt1
inhibit endothelial tube formation and, thus, damage endothelial integrity, resulting
in vascular damage and leak [6,26]. Endoglin is a coreceptor for TGF-�1 and TGF-�3
isoforms, and it reduces TGF-�1 binding to receptor type II (T�RII) on endothelial
cells. TGF- �1 is responsible for VEGF production by the stellate cells in the space of
Disse. Therefore, sEng is thought to determine impaired production of VEGF by the
pericytes [4,47�49].

� Gal-1 (galectin-1)
Galectin-1 plays an important role in immune modulation and angiogenesis by binding
to neuropilin-1 (NRP-1), which promotes activation and signaling of VEGFR2 [27].
Studies observed a reduced level of sFlt-1 after Gal-1 supplementation and, therefore,
increased VEGF bioavailability. Gal-1 serum level is signi�cantly increased in HELLP
women [28,29]. Its expression is upregulated in the placenta’s syncytiotrophoblast. A
negative correlation was noted between systemic Gal-1 levels and platelet counts in
early-onset HELLP patients through a Ca2+-dependent mechanism [4]. Ca2+ levels are
elevated on platelet stimulation with Gal-1, which signals thromboxane A2 (TXA2)
synthesis [50].
Gal-1 activates the P-selectin and GPIIIa expression dose-dependently, which trig-
gers conformational changes in GPIIb/IIIa and F-actin polymerization on human
platelets [29]. An upregulation in P-selectin expression on the activated platelets’ sur-
face initiates a torrent of intracellular events in leukocytes and platelets. This promotes
vascular in�ammation and facilitates atherosclerosis and thrombotic episodes [4,29].
Incubating platelets with PGI2 or NO before exposure to Gal-1 prevents the shredding
of microvesicles and P-selectin [29]. A complete blockage of Gal-1-induced P selectin
and GPIIIa upregulation in disaccharide lactose treatment was reported [4].

� ET-1 (endothelin-1)
Endothelin 1 binding to the endothelin A receptor (ETA) activates the ET pathway [30].
It mediates vasoconstriction, elevates blood pressure, contributes to oxidative stress,
and increases in�ammatory cytokines and CD4+ cells [30]. Circulating endothelin 1
level is elevated in HELLP patients. ET-1 dysfunction mediators are in�ammatory
cytokines, agonistic autoantibodies to the angiotensin II type 1 receptor, and increased
sFlt1 and sEng [4].

� Angs-2 (angiopoietin-2)
Angiopoietins play an essential role in promoting angiogenesis and maintaining
vascular integrity [51]. Angiopoietin-1 (Angs-1) and angiopoietin-2 (Angs-2) bind
to the same endothelial cell-speci�c tyrosine kinase receptor, which is activated by
Angs-1 and blocked by Angs-2 [51]. Angs-1 is a promoter of endothelial cell survival,
whereas Angs-2 is an activator of the endothelium [52]. Signi�cantly higher Angs-2
levels were measured in HELLP patients in comparison to normal or preeclamptic
pregnant women [53]. Angs-1 is considerably increased in HELLP patients compared
to normal pregnant women [4].

� ADMA (asymmetric dimethylarginine)
Asymmetric dimethylarginine represents an inhibitor of the enzyme NO synthase [33].
ADMA decreases the availability of NO, causing vasodilation [33]. Dimethylarginine
dimethylaminohydrolase (DDHA) is an ADMA-degrading enzyme located in the
placenta tissue [4]. Therefore, placental DDHA dysfunction is considered to be one of
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the major events implicated in PE and HELLP syndrome development [44,54]. ADMA
serum concentrations are signi�cantly higher in HELLP patients [4].

2.1.2. Growth Factors
� Activin and Inhibin

Inhibins and activins are dimeric disul�de-linked glycoproteins, members of the
transforming growth factor-beta (TGF-�) family of cytokines [55]. Inhibins are heterodimers
made of one �-subunit and one �-subunit, which can be either �A or �B subunits. There
are three possible isoforms of activin: activin A (�A��A), activin B (�B��B), and activin
AB (�A��B) [56]. Recent studies have reported a signi�cant synergic in�uence of activin A
and VEGF on the survival of liver sinusoidal endothelial cells [37,38]. VEGF stimulates the
production of activin A, thus amplifying the expression of VEGF receptors and increasing
VEGF action. Inhibin A appears to be a low-af�nity antagonist of activin A [57]. A stable
complex that inhibits with high af�nity is formed when inhibin A is combined with beta
glycan [57].

Activin B is considered an important regulator of the gestation duration and onset
of the parturition [40]. Activin B de�ciency leads to failed initiation of the labor, which
potentially results in the sickness of the pregnant woman and death of the fetus in utero [40].
Activin B enhances follicle-stimulating hormone (FSH) release, whereas inhibin B deter-
mines a decrease in FSH [4]. The fetoplacental unit, formed by the placental trophoblast,
decidua, and fetal membranes, represents the primary source of circulating activin and
inhibin [39]. There is an increase in inhibin A production in the extravillous trophoblast
cells of HELLP and PE patients [35,58]. Studies have shown an elevated activin B serum
level in the syncytiotrophoblast cells in HELLP syndrome rather than inhibin B [4,58].

The current literature states the variable effects of activin on trophoblast cells depend-
ing on gestation age. Spiral artery remodeling bene�ts from the proinvasive effects of these
molecules exercised in pregnancy as early as 10 weeks gestation age. In later stages of
pregnancy, proapoptotic effects are more frequent, along with PE [59].

2.1.3. Apoptosis/Necrosis-Related Factors
� Fas/FasL (Fas receptor/Fas ligand)

Fas receptor (Fas) and Fas ligand (FasL) are part of the TNF receptor family and
regulate the in�ammatory response via activation and proliferation of CD4+ T lympho-
cytes [60]. They can activate the apoptosis pathway [4]. Apoptosis is induced when FasL
binds to Fas-positive cells through the activation of the extrinsic pathway or CD4+ cells [60].
Apoptosis, proliferation, and FasL expression in villous trophoblast of HELLP patients are
notably higher than in normal pregnant women or PE [42,43]. Liver sinusoidal endothelial
cells exhibit an increased expression of Fas [60]. The liver represents a physiological source
of FasL [42,43]. Other sources are the placenta and the cytotoxic T lymphocytes [42,43]. Ex-
pression of FasL was not detected in the liver endothelial cells [43,61]. In HELLP syndrome,
the FasL coming from the placenta binds Fas, thus causing apoptotic cell death in the liver
of these women [42]. Exposing the liver sinusoidal endothelial cells to an increased TNF�
level drives a higher expression of Fas and, thus, greater susceptibility to apoptosis [4].

� HSPA1A/Hsp70 (heat-shock protein A1A/70)

Serum concentrations of serum heat-shock protein 70 (Hsp70/HSPA1A) are strongly
correlated with the markers of hemolysis (total bilirubin level, LDH activity, plasma free
hemoglobin level) and hepatocellular damage (ASAT and ALAT activity) [45,54]. Re-
searchers have noted a relationship between platelet count and serum Hsp70 levels [4,45].
Elevated Hsp70 concentration re�ects in�ammation, oxidative stress, and liver injury. Ex-
tracellular Hsp70 derived from damaged necrotic cells promotes a proin�ammatory (Th1)
immune response, which can play a role in developing a maternal systemic in�ammatory
response [45]. This results in endothelial damage noticed in HELLP syndrome. Hsp70
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serum levels are signi�cantly higher in preeclamptic and HELLP women compared to
normal controls [4].

� PP 13 (placental protein 13)

Placental protein 13 (PP 13) or galectin-13 is exclusively synthesized by syncytiotro-
phoblast cells [46] and is detectable in maternal blood as early as 5 weeks gestation age [62].
The syncytiotrophoblast membrane found at the interface between maternal and fetal blood
�ow has an abnormal morphology of its brush border in HELLP syndrome [46,63]. Recent
data have revealed impaired incorporation in this membrane of placental protein 13 [6,63].

Recent research on galectin-13 has revealed an altered concentration of this protein
in pregnant women affected by preeclampsia or gestational diabetes. This molecule is
considered a potent immunomodulator, and it regulates T-cell function in the placenta.
A recent study cited that PP13 diminishes the apoptosis rate in neutrophils and elevates
HGF (hepatocyte growth factor), TNF�, ROS (reactive oxygen species), and MMP-9 (matrix
metallopeptidase 9) production in these cells. A signi�cant role of PP13 represents the
regulation of neutrophil activity in the placenta by polarizing them toward a placental-
growth-permissive phenotype [64].

LSECs are fenestrated endothelial cells. They allow passive molecule exchange be-
tween the hepatocytes and the sinusoids of the liver [65]. They play a role in the regulation
of sinusoidal blood �ow and liver regeneration, and they are involved in hepatic complica-
tions [65]. Endothelial transport takes place through fenestrae of the LSECs, but it can also
occur through endocytosis and transcytosis [4]. Normal fenestrae prevent free passage to
the space of Disse of soluble molecules, lipoproteins, virus particles, chylomicrons, or other
nanoparticles with a diameter more prominent than the fenestrae [4,65].

Paracrine and autocrine cell signaling is required to maintain LSEC and LSEC fenes-
tration [65]. VEGF plays an important role in this process [65]. VEGF stimulates NO release
from NO synthase (eNOS) and prostacyclin release, as well as increases activin A [65].
Recent studies have shown an increased VEGF level but a decreased VEGF signaling in
HELLP patients [6,20,21]. sFlt1, a soluble form of VEGFR, is elevated in sera of HELLP
women. This reduces activation of VEGFR in LSEC. Furthermore, an increase in sEng in
HELLP syndrome was demonstrated. It caused less activation of TGFRII, followed by a
diminished release of VEGF and prostacyclin and less vasodilation [6,21,26]. Galectin-1
release from the placenta is increased in the serum of HELLP women to compensate for this
antiangiogenic status. Galectin-1 is a soluble proangiogenic factor that enhances activation
of VEGFR by binding to neuropilin-1 (NRP-1) and causes activation of platelets. Remark-
ably, disaccharide lactose completely blocks the activation of platelets [27�29]. Thus, there
is a reduction in the overall activation of VEGFR in LSECs. All the above result in decreased
fenestration of LSECs by activating hepatic stellate cells following sinusoidal capillarization,
reduced recruitment of bone marrow-derived progenitor cells, and increased apoptosis
of LSECs. Bone marrow-derived progenitor cells play a role in LSEC regeneration [65,66].
Sinusoidal capillarization involves less �ltration of chylomicron remnants [65]. It leads to
postprandial hypertriglyceridemia, an elevated risk of atherosclerosis, and an increased
�brotic state of the liver [65]. Restoring VEGF homeostasis resolves intra- and extrahepatic
abnormalities seen in HELLP syndrome [66].

The fenestrae of LSECs show a dynamic change in diameter. The ability to adapt is
altered by sinusoidal blood pressure, hormones, drugs, toxins, extracellular matrix changes,
aging, and exposure to environmental pollutants [50]. Elevated blood pressure determines
dilation of fenestrae [50]. Gal-1 causes calcium mobilization from the extracellular space to
the cytosol [4,50]. The fenestral diameter is regulated by calcium through the activation
of the calcium�calmodulin�actomyosin pathway. An increased intracellular calcium level
causes contraction of fenestrae [65,67]. A reduction in intracellular calcium concentration
in patients treated with prostaglandin E1 has been noted, leading to the dilation of fen-
estrae [67]. In HELLP syndrome, decreased VEGFR signaling promotes an elevated ET-1
serum level and, thus, a reduction in the diameter and number of fenestrae [4,67].
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LSECs act as a sphincter by swelling or contracting in response to vasoactive sub-
stances. The narrowing of the sinusoidal lumen limits blood �ow [30,31]. Leukocytes might
pile up at these narrowing sites, causing blood �ow obstruction. Usually, red blood cells
�ow easily through such narrow points unless the lumen is reduced to near zero [4]. In
HELLP patients, this narrowing is close to maximum because of an abundance of vasoactive
substances [4]. As a result, ischemia and coagulation are promoted [4].

Toxins can cause LSEC swelling and gap formation by damaging the fenestrae [37].
Thus, the sinusoids disintegrate, and blood �ow is reduced. This mechanism is implicated
in sinusoidal obstruction syndrome (SOS) [4]. Galactosamine acts as a toxin, causing gap
formation and LSEC swelling [37]. An elevated activin B serum concentration has been
noted in HELLP women [37]. Activin B by itself proves no harm to the liver considering
its weak expression and failure to inhibit DNA synthesis in hepatocytes [4]. A higher
activin B expression results in higher FSH release. FSH contains galactosamine. Therefore,
an elevated FSH level might be responsible for the increased exposure of LSECs to galac-
tosamine [40,65]. This could result in LSEC necrosis [40]. NO, MMP-2, and MMP-9 inhibitor
limit LSEC injury [65]. Inhibition of these substances promotes injury [65]. Inhibition of
NO and MMP-9 inhibitors is seen in HELLP syndrome. Gal-1 stimulates the expression
of MMP-9 and CXCL16. An elevation in sFlt1, sEng, and ADMA concentration leads to
NO decrease [26,33]. As a result, increased injury in LSECs and an in�ammatory state
promoted by CXCL6 have been observed [4,27].

Activin A and VEGF act in a synergic manner. Both contribute to the LSEC survival
by maintaining the extracellular matrix [4]. Activin A stimulates collagen production in
stellate cells and tubulogenesis in LSECs [38]. Prior studies remarked a decreased activin A
and VEGF level in HELLP women but a higher inhibin A level [4,42]; it was also observed
that inhibin A behaves like an activin A inhibitor [37]. These molecules lead to an increased
apoptosis rate of LSECs and a diminished restoration [4].

In the sera of HELLP patients, the FasL level is elevated [4,60]. FasL binds Fas-positive
cells to induce apoptosis through an intrinsic pathway or CD4+ cell activation [4,60]. A
higher expression of Fas is seen in LSECs and hepatocytes [4]. Although the liver produces
Fas, the expression of FasL was not detected in HELLP women [4]. Therefore, the placenta
seems to be the source of Fas-induced apoptosis of hepatocytes and LSECs in the liver [4].
Cardier et al. [61] reported that Fas ligation usually does not lead to apoptosis on its
own in LSECs. These cells are more resistant to the Fas-induced apoptosis pathway.
TNF� stimulates the susceptibility of LSECs by activating these cells and increasing Fas
expression [61]. TNF� does not promote apoptosis by itself. In HELLP syndrome, the TNF�
level is elevated [6]. In HELLP women, TNF� induces activation of LSECs followed by
increased apoptosis by activating the Fas receptor. The FasL form seen in HELLP patients
is a multimeric, highly active form with a molecular weight between 66 and 150 kDa [42].
This particular form of FasL cannot pass the fenestrae of LSECs. Apoptosis of hepatocytes
takes place when LSECs degrade [4,42].

Hsp70 is a cytokine that indicates tissue damage and is expressed by stressed and
necrotic cells [45]. This substance can evoke a proin�ammatory (Th1) immune response.
It can activate and increase the apoptosis rate of endothelial cells [45]. Angs-2 can also
activate endothelial cells and exert an in�ammatory state [51]. Angs-2 inhibits Angs-
1 activity, which promotes cell survival, sprouting, tube formation, and quiescence of
endothelial cells [51]. Within HELLP sera, elevated levels of both Hsp70 and Angs-2 have
been noticed, leading to more robust endothelial activation. As a result, endothelial cells
are more susceptible to undergoing apoptosis [39,53,63].

3. Genetic Studies
To this day, research has not been able to identify a worldwide genetic cause for an

increased risk for HELLP syndrome. A probable etiological mechanism is represented by
the combined effect of multiple gene variants (Table 2) with additional effects of maternal
and environmental factors. Recent studies have stated that gene variants in Fas and VEGF
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gene and coagulation factor V Leiden (FVL) mutation are associated with an increased risk
of HELLP compared to healthy women [10,65]. Variants in the glucocorticoid receptor gene
and Toll-like receptor gene increase the risk of HELLP syndrome signi�cantly more than
PE [6].

Table 2. Genetic variants associated with an elevated risk of developing HELLP syndrome.

Gene Variant HELLP Compared to Outcome References

Glucocorticoid receptor gene
(GCCR) Healthy pregnant Abnormal immune and

glucocorticoid Abildgaard et al. [6]

Bell SNP polymorphisms Severe PE sensitivity

Toll-like receptor 4 gene
(TLR4) Healthy pregnant In�ammation Van Rijn et al. [68]

D299G PE Ineffective immunity
T3991
Polymorphisms

VEGF gene (VEGFA) Healthy pregnant Angiogenesis, vasculogenesis Nagy et al. [69]
C�460T Healthy pregnant arterial muscular relaxation
G+405C
Polymorphisms

Fas (TNFRSF6) gene,
homozygous Healthy pregnant Immune regulation, apoptosis Sziller et al. [70]

Polymorphism in
A�670G Liver disease

FV Leiden Healthy pregnant Thrombophilia Muetze et al. [71]

4. Pathogenetic Mechanisms in HELLP Women
4.1. The In�ammatory Response

Compared to a normal pregnancy, the in�ammatory response is more enhanced in
HELLP patients. It is vital to always keep in mind that fulminant disseminated intravascu-
lar coagulation (DIC) may develop super acutely in HELLP syndrome. The in�ammatory
response with coagulation cascade and complement activation is caused by syncytiotro-
phoblast particles (STBM) and other placental factors [66,67]. These substances interact
with maternal immune cells and vascular endothelial cells [6].

CRP, interleukin 6, and TNF� serum levels are elevated in HELLP women [37]. White
blood cell counts are higher in these patients and are correlated with syndrome sever-
ity [72]. Impaired complement regulation might lead to the development of thrombotic
microangiopathy seen in HELLP patients [73].

Active multimeric von Willebrand factor (VWF) serum level is higher in HELLP
syndrome compared to normal pregnancy [74]. It is released by strongly activated vascular
endothelial cells, and it promotes platelet aggregation and favors platelets adherence to
vessel intima [6].

4.2. Thrombotic Microangiopathy
Damage to vascular endothelial cells produced by antiangiogenic factors, exposure to

TNF�, and high levels of active VWF seen in HELLP syndrome may interact and result in
thrombotic microangiopathy [68,70]. The active multimeric form of VWF is depolymerized
in circulation by metalloproteinase ADAMT13 [6]. A higher concentration of active VWF is
seen in HELLP due to a decreased serum level of ADAMT13 in these patients. A condition
termed catastrophic antiphospholipid syndrome (APLS) develops in women with APLS and
HELLP [6]. This af�iction ends in extensive microangiopathy and multiorgan failure [6].
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4.3. Microangiopathic Hemolytic Anemia
Erythrocytes are damaged as they pass through blood vessels with impaired endothe-

lium and �brin strands, resulting in microangiopathic hemolytic anemia (MAHA) [6]. A
transient indicator could be an abnormal peripheral blood smear with schizocytes and/or
burr cells [7]. Lactate dehydrogenase (LDH) concentration may rise as a consequence of
hemolysis. Free hemoglobin binds to unconjugated bilirubin in the spleen or haptoglobin
in plasma [7]. Low serum haptoglobin is a characteristic in HELLP women [16]. The
substances resulting from intravascular hemolysis promote the activation of coagulation
cascade and increase DIC risk [6].

4.4. Liver and Kidney Dysfunctions
Placenta-derived FasL (CD95L) is toxic to human hepatocytes [42]. A higher concen-

tration of FasL is seen in the villous trophoblast and maternal blood in HELLP [75]. FasL
triggers TNF� production, thus inducing apoptosis and necrosis of the hepatocytes [76].
Intense staining with TNF� and elastase antibodies is seen in this condition. Autop-
sies revealed hepatocyte necrosis with no fatty cell transformation, surrounded by �brin
strands and hemorrhages, with rare subcapsular bleeding and infarcts [77]. As a result of
thrombotic microangiopathy, �brin and leukostasis have been observed in sinusoids [78].
The microangiopathy seen in HELLP syndrome enhances hepatocyte damage because it
signi�cantly restricts portal blood �ow [79].

Kidney dysfunction is usually moderate in HELLP patients. A possible cause might be
glomerular endotheliosis [6]. A renal biopsy performed in women with HELLP syndrome
and postpartum renal failure revealed thrombotic microangiopathy and acute tubular
necrosis [6].

4.5. Disseminated Intravascular Coagulation (DIC)
The main activator of coagulation is the tissue factor (TF) [80]. Fetal microparticles

mimic TF activity. TF could be exposed to injured vascular endothelial cells [6]. Its activa-
tion is enhanced by activated platelets and increased levels of coagulation factors, and it
is promoted by thrombotic microangiopathy [6]. Coagulation inhibitors inactivate these
factors [6]. In patients with severe HELLP and multiorgan failure, the serum concentra-
tions of thrombin�inhibitor complexes are high, suggesting an exacerbated activation of
coagulation. Fibrin and platelet aggregates appear in circulation, platelets and inhibitors
are consumed, and DIC is present. A coexistence of HELLP and placental abruption has
been cited [6]. In this particular case, blood clots and thrombin enter maternal circulation,
causing systemic de�brination [6].

Compensate DIC resembles moderate consumption of platelets and inhibitors, with
overt bleeding rarely appearing. Therefore, this condition hardly affects the prognosis. In
women where increased activation is only partly compensated, thrombotic microangiopa-
thy may be associated [6]. This clinical condition can rapidly progress to manifest DIC with
bleeding from the skin and mucous membranes and often multiorgan failure [6].

Laboratory �ndings to diagnose DIC are represented by platelet count, D-dimer,
antithrombin, protein C, thrombin�antithrombin complex (TAT), and prothrombin time.
The criteria to diagnose overt or uncompensated DIC requires several abnormal �ndings in
these parameters [6].

D-dimer serum level is elevated in nearly all women with a HELLP pregnancy in com-
pensated DIC [6]. A moderately elevated D-dimer concentration is a nonspeci�c indicator
of disease activity. As a consequence of angiopathy and liver dysfunction, decreased values
of platelet count, antithrombin, and protein C might be seen in HELLP [6]. Compensated
DIC may be well present with high D-dimer levels [6].

Only one of the conventional laboratory tests may speci�cally re�ect the DIC process,
i.e., the TAT assay [16]. A value over 10 �g/L is suggestive for DIC [16]. Unfortunately,
valuable data from the TAT assay in HELLP patients are not cited enough in studies. It
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seems that adding the TAT assay to platelet count, D-dimer, and antithrombin is a valuable
asset for better monitoring these women [6].

5. Conclusions
Our review aimed to discuss a few hypotheses of the complex pathophysiology of

HELLP syndrome. The placenta-derived factors might have a signi�cant in�uence on
LSECs. Considering their function, we presume they are responsible for LSEC capillar-
ization with �brosis, resulting in diminished LSEC renewal, contraction of fenestrae, and
swelling of LSECs. This obstructs sinusoids and limits blood �ow, promoting activation
and apoptosis of LSECs. The cascade of events eventually impedes sinusoidal blood �ow,
causing hepatocyte decay, which ultimately leads to liver failure.
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Abstract: Neonatal hemochromatosis (NH) is an uncommon, severe disorder that results in fetal
loss or neonatal death due to liver failure. NH is currently regarded as the phenotypic expression
of gestational alloimmune liver disease (GALD). The diagnosis of NH-GALD is rarely prenatally
established. In addition to providing a systematic review of the prenatal features that are identi�able
using ultrasound (US) and MRI, we suggest a prenatal diagnosis algorithm for use in suspected
NH during the �rst affected pregnancy. From a total of 586 database entries identi�ed in PubMed,
Google Scholar, and ResearchGate, we selected 18 studies published from 1993 to 2021 that reported
maternal medical and obstetric history, prenatal ultrasound �ndings, and postpartum outcomes. We
investigated the ultrasound and MRI features of these studies, along with the outcome due to this
condition. A total of 74 cases were identi�ed. The main reported prenatal US �nding was fetal growth
restriction (FGR) (33%), followed by oligohydramnios (13%) and hydrops fetalis (13%), with 13%
cases described as uneventful. Other rare prenatal �ndings were fetal anemia, ascites, and abnormal
fetal liver and spleen. Most pregnancies ended with fetal/perinatal death or therapeutic interruption
of pregnancy. Favorable evolution with treatment (ensanguine transfusion and intravenous im-
munoglobulin (IVIG)) was reported for only 7% of fetuses. Using T2-weighted MRI, fetal extrahepatic
siderosis con�rmed prenatally in two cases and postnatally in 11 cases. IVIG treatment throughout
subsequent pregnancies was found to signi�cantly improve fetal prognosis. MRI should be indicated
in selected cases of oligohydramnios, fetal hydrops, fetal hepatomegaly, ascites, or unexplained FGR
or anemia after ruling out all other more frequently encountered conditions. MRI can be used to
detect iron overload in the liver and extrahepatic siderosis.

Keywords: hemochromatosis; gestational alloimmune liver disease; liver failure; magnetic resonance
imaging; siderosis; iron; prenatal

1. Introduction
Neonatal hemochromatosis (NH) (OMIM 231100) is de�ned as a severe liver illness

accompanied by extrahepatic siderosis in newborns [1]. Evidence points to gestational
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disease, mainly manifested in utero by fetal liver injury, receiving the name of congenital
hemochromatosis [2]. While causality was originally thought to lie in iron metabolism
defects, it is now known to be an effect of severe fetal injury, with more than 95% of
cases being linked to gestational alloimmune liver disease (GALD) [3]. In rare cases,
NH may be caused by other conditions, such as certain perinatal infections (parvovirus
B19 or cytomegalovirus), GRACILE (growth retardation, amino-aciduria, cholestasis, iron
overload, lactic acidosis, and early death) syndrome, mitochondrial deoxyribonucleic
acid depletion from deoxyguanosine kinase de�ciency gene mutations, trichohepatoenteric
syndrome, de�ciency of delta 4-3-oxosteroid 5 beta-reductase due to defects in the synthesis
of this bile acid, or 21 trisomy [1,4,5].

While the actual incidence of NH is uncertain (a 2018 study estimated the incidence of
GALD in the United States to be 4 per 10,000 live births), relevant �ndings have resulted in
reclassi�cation of NH as both congenital and familial [1,6]. Even if preceding pregnancies
have resulted in healthy live births, once the alloimmune reaction occurs, up to 90% of the
affected women’s further pregnancies will be impacted by fetal liver disease, regardless of
changes in the father [3]. Moreover, the af�iction does not occur in pregnancies of other
maternal siblings [7].

Information regarding fetal hemochromatosis remains scarce. Since its initial descrip-
tion, evidence has largely been gathered from case reports or case series [8].

NH is often only diagnosed at autopsy, and failure to acquire a correct diagnosis in
stillbirths or neonatal deaths with liver failure leads to dire consequences for the mother’s
future pregnancies [7]. Left untreated, GALD leads to fetal/neonatal death, making it
necessary to consider GALD as a possible cause in all cases of liver disease and unexplained
stillbirth, neonatal demise, or early infant death [1]. Because of these �ndings, the course of
diagnosis and treatment of NH has shifted from neonatal to in utero [7].

From 18 weeks of gestation, intrauterine signs that could suggest NH are fetal growth
restriction (FGR), oligohydramnios, fetal hydrops, fetal hepatomegaly, ascites, prematurity,
unexplained anemia, or fetal demise in the late-second and third trimesters [1,3,9]. These
signs are observed early in known affected mothers and lead to a clear diagnosis. However,
in the absence of positive maternal history, the diagnosis of NH is easily overlooked,
as these ultrasound (US) �ndings are often encountered in more common pathologies.
One method that could lead to prenatal diagnosis of NH in the �rst affected pregnancy
is fetal MRI. MRI is an acceptable, non-invasive method that does not involve signi�cant
risks and can be used to con�rm hepatic and extrahepatic siderosis in utero or in the �rst
postnatal hours [4].

The current review aims to gather the available evidence regarding the antenatal
features related to NH-GALD and create an algorithm for potential assessment when there
is prenatal suspicion of this rare pathology characterized by a severe prognosis, wherein
selected fetuses will be referred for MRI and the initiation of speci�c treatment where
appropriate.

2. Materials and Methods
We conducted a literature review on the subject, focusing on reports of patients

diagnosed with NH and with con�rmed extrahepatic siderosis that reported maternal
medical and obstetric history, prenatal ultrasound �ndings, and postpartum outcome.

Despite the strong impact of this condition on present and future pregnancies, the
prenatal �ndings that might suggest fetal NH-GALD are often non-speci�c, leading to an
infrequent prenatal diagnosis; therefore, we used strict inclusion criteria.

The protocol for systematic review was written in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [10]. The
review was not registered. The literature review was conducted through systematic searches
of the PubMed, Google Scholar, and ResearchGate medical databases, independently
conducted by A.S. and R.PS, for studies reported from January 1993 to December 2021,
with no restrictions on study design. The keyword term used in searching was �neonatal
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hemochromatosis�. Additional articles were identi�ed from the reference lists cited in the
included articles. We used bibliography software (Zotero version 6.0.23) to collect all query
entries and to remove duplicates based on the title, author(s), and journal names.

The studies were screened for relevance (abstracts and then full-text articles) based
on the PICOS criteria and comprised case reports, case series, and observational studies
(study design) of patients diagnosed with NH. These studies reported maternal medical
and obstetric history and prenatal ultrasound �ndings (population), con�rmed extrahepatic
siderosis (intervention), and the postpartum outcome (outcome).

Papers with no description of prenatal evolution of the pregnancy or cases where
extrahepatic siderosis was not con�rmed (the absence of NH diagnosis is debatable) were
excluded. We considered papers in English, French, and Spanish.

Using the search method, 586 articles were identi�ed from the databases. A total of
128 duplicate articles were removed from the screening, and �ve were written in languages
other than those being considered. Of the 453 articles remaining after screening by title and
abstract, 398 were excluded as they referred to another subject. Of the 50 articles assessed
for eligibility, 18 met the inclusion criteria (Figure 1).
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3. Results
The 74 cases of postnatally diagnosed NH with con�rmed extrahepatic siderosis found

in the current literature review are listed in Table 1 (Table 1). For each case, all the available
data are presented, including maternal medical and obstetric history, prenatal �ndings,
postpartum outcome, and subsequent pregnancy outcome, if available. We identi�ed
fourteen case reports and three retrospective observational studies.



J. Clin. Med. 2023, 12, 2679 4 of 21

Table 1. Literature review of the cases diagnosed with neonatal hemochromatosis, with con�rmed extrahepatic siderosis (1993 to 2021) and maternal medical and
obstetric history, prenatal �ndings, postpartum outcome, and subsequent pregnancy outcome.

Article,
Year

Number of
Cases
Included

Gravidity (G) (Range),
Weeks of Gestational
Age (WGA) at
Delivery, Mean

Women with
Recurrent
fetal Death
or NLF

Consanguinity/
Autoimmunity Prenatal Finding Weight (g) Diagnosis

Con�rmation
Evolution of
the Case Treatment

Evolution of
Subsequent
Pregnancy

1. Mugarab-
Samedi et al.,
2021 [11]

1 4G, 29 WGA yes no FGR, anhydramnios 840 g autopsy death

Glucose, antibiotics,
fresh
frozen plasma,
cryoprecipitate,
platelets, and
vitamin K,
laparotomy for
suspected
necrotic bowel

Favorable with
IVIG

2. Mude et al.,
2020 [12] 1 1G, 38 WGA no consanguineous

couple FGR 2600 g buccal and
liver biopsy death

Fresh frozen plasma,
chelation-
antioxidant therapy
ET + IVIG

NM

3. Maisonneuve
et al., 2019 [13] 1 1G, 34 WGA no no

FGR, anhydramnios,
hydrops, small liver,
anemia, white
matter anomalies

NM autopsy TOP

Intrauterine
transfusion for
moderate anemia at
8.8 g/dL at 32 WGA

NM

4. Zaharie et al.,
2018 [14] 1 2G, 37 WGA no no

FGR, OA, normal
middle cerebral to
umbilical artery
Doppler ratio, no
notching on the
uterine artery, but a
constant slightly
tachycardic fetal
heart rate

2300 g autopsy death
Iron chelation-
antioxidant,
IVIG

NM

5. Darouich
et al., 2018 [15] 1 3G, 37 WGA yes gestational

diabetes

OA, hydrops, ascites,
enlarged liver and
inhomogeneous
echogenicity of the
hepatic structure
with reticulonodular
aspect, cholelithiasis

5000 g autopsy stillbirth � NM
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Table 1. Cont.

Article,
Year

Number of
Cases
Included

Gravidity (G) (Range),
Weeks of Gestational
Age (WGA) at
Delivery, Mean

Women with
Recurrent
fetal Death
or NLF

Consanguinity/
Autoimmunity Prenatal Finding Weight (g) Diagnosis

Con�rmation
Evolution of
the Case Treatment

Evolution of
Subsequent
Pregnancy

6. Babor et al.,
2018 [16] 1 6G, 38 + 6 WGA yes no FGR 2200 g oral mucosa

biopsy favorable
Fresh
frozen plasma,
ET + IVIG

NM

7. Sciad et al.,
2018 [17] 4

NMG,
21WGA,
30WGA
32WGA
34WGA

yes in 2 cases no

4 FGR, 4OA,
3Hydrops, 1
hepatosplenomegaly,
3oedematous
placenta

NM

2MRI (f)
3 at autopsy
1 liver biopsy
after birth

1 favorable
with IVIG
1 stillborn
1 postpartum
death, 1 TOP
at 32 WGA

Prenatal IVIG in the
survivor case NM

8. Da Rocha
et al., 2017 [18] 1 1G, 31 + 4 WGA no no FGR, OA 850 g MRI (p)

autopsy death NM NM

9. Lopes et al.,
2015 [19] 1 1G, 32 WGA no no

FGR, OA,
hyperechogenic liver
lesions in the
peripheral
parenchyma,
edematous placenta

1520 g autopsy death frozen plasma,
peritoneal dialysis NM

10. Rodrigues
et al., 2015 [20] 12

MNG,
Mean 37 WGA
(range 32�40)

yes in 5 cases 1 SLE

8 FGR, 2OA,
8 normal,
2 edematous
placentas

2529 g
(range
1640�
3700 g)

2 MRI (p)
biopsy and
autopsy

10 deaths
2 survived
with chelator

5 no treatment
7 treated with
chelation/
antioxidant therapy

NM

11. Heissat et al.,
2014 [21]

7 fetuses
22 neonates

5 G1
17 G2�G13
Fetuses: Mean � SEM
29.6 � 0.9 WGA
Neonates: Mean �
SEM 32 � 37WGA

Yes in 7 cases

1consanguinity
1 SLE,
2 AT
1 vasculitis

14 FGR
13 OA
10 hydrops
9 normal

NM

5 MRI (p)
4 liver
biopsies,
24 autopsies

7 stillborn
death NA

Three women
were treated
with IVIG
during
subsequent
pregnancies
and resulted in
live births
with an
uneventful
neonatal
course
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Table 1. Cont.

Article,
Year

Number of
Cases
Included

Gravidity (G) (Range),
Weeks of Gestational
Age (WGA) at
Delivery, Mean

Women with
Recurrent
fetal Death
or NLF

Consanguinity/
Autoimmunity Prenatal Finding Weight (g) Diagnosis

Con�rmation
Evolution of
the Case Treatment

Evolution of
Subsequent
Pregnancy

12. Baruteau
et al., 2014 [22] 8 NM G

35 WGA (range 29�41) NM 1 AT
1 SLE 5 FGR, 7OA NM 2 MRI (p)

autopsies

3 stillborn
(27,28,31
WGA)
6 neonatal
untreated

IVIG

Favorable
without
recurrence in
subsequent
pregnancies

13. Amann et al.
2011 [9] 2 IG, 32 WGA and

23 WGA yes consanguineous
couple

FGR, ascites, severe
anemia, aortic
coarctation,
meconium
peritonitis

1660 g liver biopsy
death at
4 months
of age

surgical treatment
for meconial
peritonitis
Iron chelation with
an antioxidant
cocktail

TOP for same
clinical
spectrum
including
aortic coarcta-
tion at 23 WGA
(con�rmed NH)

14. Tanaka et al.,
2011 [23] 2 4G, 36 WGA and

30 WGA yes no FGR, OA in both
cases

1000 g,
500 g autopsy death NM

Favorable with
prenatal IVIG
treatment

15. ˙ak�r et al.,
2011 [24] 1 2G, 38 WGA no no uneventful 3150 g

MRI (p)
Liver biopsy at
6 months

favorable ET + IVIG NM

16. Kassem et al.,
1999 [25] 2 5G, 32 WGA and

34 WGA yes no FGR, OA,
hydrops, anemia

1960 g,
2400 g autopsy death ET NM

17. Verloes et al.,
1997 [26] 2 1G 35 WGA and

37 WGA yes no FGR 1410 g,
1860 g autopsy death NM NM

18. Wisser et al.,
1993 [27] 1 1G, 36 WGA no no

FGR, hydrops,
ascites,
hepatosplenomegaly

3200 g autopsy death none

One healthy
boy at term
after 18 months
without
prenatal
treatment
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Table 1. Cont.

Article,
Year

Number of
Cases
Included

Gravidity (G) (Range),
Weeks of Gestational
Age (WGA) at
Delivery, Mean

Women with
Recurrent
fetal Death
or NLF

Consanguinity/
Autoimmunity Prenatal Finding Weight (g) Diagnosis

Con�rmation
Evolution of
the Case Treatment

Evolution of
Subsequent
Pregnancy

Total 74 cases
16% G1 84% �G2 Women with

recurrent fetal
death or
NLF 28%

No maternal
pathology 86%
Consanguineous
couple 4%
SLE 4%
AT 4%
Vasculitis 2%

Uneventful 13%
FGR 33%
OA 25%
Hydrops 13%
Ascites 3%
Abnormal
liver/spleen aspect
4%
Anemia 2%
Other 2%

Mean 2028
� SD
1090.67 g
Range
500�5000 g

51% con�rmed
at autopsy

93% stillborn,
perinatal death
or TOP
7% favorable
evolution with
treatment

chelation/antioxidant
therapy
ET + IVIG
none

When
mentioned, the
subsequent
pregnancy had
favorable
evolution with
prenatal IVIG
treatment

Mean 33 (SD � 4.57)
WGA
Range 21�40 WGA

NLF = neonatal liver failure; SLE = systemic erythematosus lupus; AT = autoimmune thyroiditis; FGR = fetal growth restriction; OA = oligoamnios; TOP = therapeutic interruption of
pregnancy; ET = ensanguine transfusion; IVIG = intravenous immunoglobulin; NM = not mentioned; f = fetal; p = postnatal.
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NH was reported to affect mainly multiparous, healthy gravidas at a mean of 33 weeks
of gestational age (WGA) (range 21 to 40). A small percentage of the gravidas presented
autoimmune pathologies, such as systemic erythematosus lupus (4%), autoimmune thy-
roiditis (4%), or were part of a consanguineous couple (4%). A signi�cant percentage of the
patients (28%) had experienced recurrent fetal/neonatal death or neonatal liver failure. The
main prenatal ultrasound �nding reported in the 74 cases was FGR (33% cases), followed
by oligohydramnios (13% cases) and hydrops fetalis (13% cases). In 13% of the cases,
the course of the pregnancy was described as uneventful. Other rare prenatal �ndings
were fetal anemia, ascites, or abnormal fetal liver and spleen (Figure 2). MRI had been
used as a prenatal diagnostic tool in only two cases (1.48%), at 32 WGA in both cases,
and depicted an atrophic liver. In one case, the parents opted for ensanguine transfusion
and intravenous immunoglobulin, with good results. In the other case, they opted for
therapeutic interruption of pregnancy (TOP) [17]. MRI was performed in 11 cases (8.14%)
to con�rm extrahepatic siderosis in neonates, which was described mainly in the pancreas
in nine cases (6.66%).
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Figure 2. Prenatal �ndings in 74 cases evaluated in the literature review diagnosed with neonatal
hemochromatosis and with con�rmed extrahepatic siderosis, reported from 1993 to 2021.

Most fetuses had an inauspicious prognosis, with the pregnancies ending in fetal
death, perinatal death, or therapeutic interruption of pregnancy. Favorable evolution with
treatment was reported for only 7% of the fetuses. Autopsy was the primary method used
to con�rm diagnosis. The postnatal treatment varied from chelation/antioxidant therapy,
with reserve results, to ensanguine transfusion and intravenous immunoglobulin, with a
favorable prognosis. When reported, the subsequent pregnancy had favorable evolution in
cases of prenatal intravenous immunoglobulin (IVIG) treatment.

Following these results, in Figure 3, we propose a prenatal diagnosis algorithm for
suspected NH in the �rst affected pregnancy.
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Figure 3. Prenatal diagnosis algorithm proposal for suspected neonatal hemochromatosis in the �rst
affected pregnancy.

4. Discussion
The objective of this paper was to systematically review the current literature regard-

ing the main prenatal features of patients diagnosed with NH-GALD in order to create an
algorithm for potential prenatal suspicion of this rare pathology characterized by a severe
prognosis, in which selected fetuses will be referred for fetal MRI and the initiation of
speci�c treatment where appropriate. While neonatal diagnosis has become more reliable,
prenatal suspicion of NH in �rst affected pregnancies is exceptional. We reviewed 18 stud-
ies involving 74 fetuses diagnosed with NH and with con�rmed extrahepatic siderosis,
following which we could draw some conclusions regarding the prenatal features of fetuses
with NH.

4.1. Etiology and Pathogenesis
Although the nature of the triggering antigen is still unknown, the central hypothesis

regarding the pathogenesis of NH-GALD is focused on liver disease.
Fetal hepatocytes suffer injuries through the attack of membrane complexes resulting

from transplacental transfer of maternal IgG antibodies [7], followed by impairment of
iron homeostasis and siderosis in extrahepatic tissues [3]. Hemochromatosis often begins
with iron buildup in hepatocytes, with the exception of Kupffer cells. The liver tissue of
newborns with GALD is severely damaged, with hepatocyte loss leading to cirrhosis [1].

Iron deposition in diverse places is the ultimate phase in a multi-step process in which
liver damage mediated by the complement may be the initial step [28].

Usually, extrahepatic siderosis is encountered in the pancreas, myocardium, thyroid,
and salivary glands. Whittington et al. suggested that the possibility of alloimmune
gestational should be considered since genetic causes for transmission do not align with
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known patterns of inheritance [7]. Even if NH is both congenital and familial, it is not
hereditable [1].

During gestation, fetal iron levels are controlled by placental function, with trophoblas-
tic tissue functioning as duodenal mucosa in tuning iron absorption and balancing the
substantial maternal iron pool, thereby carefully regulating the fetal iron pool [2].

Fetal iron stores are regulated via the fetal hepcidin pathway [1]. The damage to
fetal hepatocytes caused by maternal antibodies results in a decreased level of hepcidin,
producing iron overload in the fetal liver [2]. However, recent data indicate that additional
pathways, such as BMP/SMAD and JAK/STAT, can in�uence hepcidin expression [29].

Two main patterns of iron accumulation have been described: parenchymal iron
overload and Kupffer cell hemosiderosis [30]. Parenchymal iron accumulation refers to
accumulation in hepatocytes and bile duct epithelium, and in severe cases, portal �brosis
and eventual cirrhosis can be encountered [30].

Kupffer cell hemosiderosis refers to a pattern accumulation of hemosiderin in Kupffer
cells and, in some cases, in the portal macrophages and endothelial cells, and secondary
iron overload can be encountered. Moreover, mixed patterns of iron accumulation create
even more issues, resulting in further dif�culties in assessing these cases [30].

More recent data suggest that hepatic C5b-9 deposition could represent an important
marker for GALD in an appropriate clinical situation, but the literature data are still
contradictory [31].

An excellent study was conducted by Bonilla et al. in which liver tissues and extrahep-
atic tissues from GALD infants were investigated and compared with normal age-matched
tissues. GALD-related liver injury may reduce hepcidin synthesis such that a cascade of
reactions may follow, such as impaired placental iron �ux feedback control. The authors
pointed out that hepatic HAMP (hepatic antimicrobial protein) expression was reduced,
and the pattern of extrahepatic siderosis is apparently determined by the capacity of various
tissues to import non-transferrin-bound iron and not export cellular iron. Their �ndings
suggest that NH is not primarily an iron overload disease [32].

An essential step is distinguishing the NH-GALD�related phenotype from other non-
GALD disorders with different clinical presentations and prognoses. In order to accurately
diagnose GALD, a comprehensive evaluation must be performed. Shanmugam et al.
summarized the investigations that must be conducted to rule out other potential causes of
a comparable phenotype [33]. For the other illnesses, it is postulated that fetal liver injury
leading to poor regulation of placental iron �ux causes NH. According to some authors,
these causes account for approximately 2% of all NH cases [1].

The most frequent causes that should be taken into consideration for the differential
diagnosis of NH in neonatal liver failure, other than gestational alloimmune, are presented
in Table 2 [34�37].

Some writers emphasize the importance of the histologic �ndings and the function of
autopsy, arguing that biological and molecular tests may be required to rule out alternative
diagnoses, such as mitochondrial illnesses [28]. One particular �nding in the histologic
report is a grade of renal tubular dysgenesis with paucity or an absence of proximal tubules,
explained as a developmental abnormality due to impaired hepatic angiotensinogen secre-
tion [1,38], placing the onset of liver injury prior to the 24th week of gestation [2].

Even in suspected cases determined in utero, the detection of liver siderosis is insuf-
�cient for diagnosis due to the physiological presence of stainable iron in the neonatal
liver, necessitating extrahepatic siderosis for con�rmation or the detection of other speci�c
markers that point to gestational alloimmune liver disease [7].

There have been reported cases of children with phosphatidylinositol N-acetylglucosa-
minyltransferase subunit A (PIGA) germ-line mutations presenting NH features, but their
clinical course differs signi�cantly. Therefore, PIGA gene testing is another option to be
considered when evaluating newborns who present with NH [39].
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4.2. Ultrasonography�The Key to Early Prenatal Diagnosis of Neonatal Hemochromatosis
FGR is one of the �rst manifestations visible in ultrasound evaluations that can be

suggestive of NH, starting as early as the 18th week [17]. Since FGR has various causes, from
utero-placental to genetic and infection, �nding the right approach to correctly diagnose
FGR-NH is a challenge.

Frequently encountered oligohydramnios is explained by renal tubular dysgenesis
due to hepatocyte injury and secondary reduced angiotensinogen production as early as 20
to 25 weeks of gestation [1,38].

However, the FGR�oligohydramnios sequence related to NH often functions in di-
agnosis of exclusion during the �rst affected pregnancy but is also the most likely to be
omitted since this clinical picture can be explained on the basis of more common causes.
The process exclusion may be suf�ciently long to result in an accurate verdict. Therefore,
birth or fetal demise can occur, leaving the �nal diagnosis for neonatal or autopsy evalua-
tion. Most of the time, these children are not born in tertiary centers. Until the transfer is
successful and the treatment with immunoglobulin is initiated, the child’s prognosis may
be compromised.

MRI is the only investigation technique that can guide the prenatal diagnosis algorithm
to NH in a �rst affected pregnancy presenting FGR and oligohydramnios, since liver biopsy
is not a viable option. Although expensive at �rst and not yet a part of the diagnosis
algorithm of FGR, prenatal MRI can be used to elucidate a diagnosis of NH and detect
placental dysfunction where Doppler �ows are still normal [40], justifying the initiation of
speci�c treatment.

Non-immune hydrops fetalis (NIHF) occurs in the end-stage state of 14 various dis-
eases, according to a meta-analysis conducted by Bellini and colleagues in 2015 [41], with
no identi�able primary cause in approximately 20% of cases [42]. The diagnostic algorithm
used to determine the underlying cause of NIHF is a time trial challenge to assess whether
there is a therapeutic solution to reverse the consequences. NIHF is a frequent prenatal
�nding in NH, which can most likely be explained by secondary hypoproteinemia [43].
After excluding immune hydrops fetalis, a hydropic and anemic fetus with associated
hepatomegaly may raise suspicion of NH and justify a fetal MRI for diagnosis of exclusion.

As the fetus grows, unexplained hepatomegaly, sometimes accompanied by ascites,
could be encountered during prenatal US surveillance.

In 1996, Achiron et al. examined a group of fetuses with various grades of hepatic
hyperechogenicity. The authors identi�ed several causes responsible for this particular
imaging aspect, ranging from abnormal karyotype through to fetal infection to in utero
vascular accidents [44]. They concluded that hepatic hyperechogenicity alone, with a lack
of other markers, poses little clinical signi�cance. Further investigation, such as by MRI, is
required to diagnose NH accompanied by extrahepatic siderosis.

An aspect worth mentioning in terms of the dif�culties of prenatal diagnosis of NH
was described regarding a 33-week fetus presenting on US evaluation with hydrops, oligo-
hydramnios, and placentomegaly. The re-evaluation of fetal ultrasound images resulted in
identi�cation of anemia and shrunken liver with multiple regenerative nodules, con�rmed
by MRI and autopsy [45]. Sometimes, re-evaluating the initial images and assessment may
provide vital information for patient care.
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Table 2. Differential diagnosis of neonatal hemochromatosis in neonatal liver failure.

Causes of Neonatal
Hemochromatosis Phenotype
Other Than Gestational
Alloimmune Liver Disease

Prenatal Ultrasound Features Investigations Available Treatments Perinatal Findings
Prognosis of
Affected/Subsequent
Pregnancies

1. Intrauterine infections
Viral infections (e.g., viruses of
the herpes family,
cytomegalovirus, parvovirus,
enterovirus, adenovirus)
[33,46,47]

Fetal hydrops, cerebral
ventriculomegaly,
�microcephaly, hyperechogenic
fetal bowel, hepatosplenomegaly,
cerebral periventricular
echogenicity/intracranial
calci�cations, fetal cardiac
arrhythmias, anemia, FGR,
abnormal amniotic �uid volume,
placental enlargement

Maternal serology
AF PCR

Ganciclovir, valacyclovir,
foscarnet, CMV hyperimmune
globulin (not approved for
routine use)
Fetal intrauterine transfusion in
case of an anemic and
hydropic fetus

Fever, lethargy, abdominal
distension, seizures Poor/good

2. Metabolic disorders *
Transaldolase de�ciency
[33,48,49]

FGR, hydrops fetalis,
oligohydramnios, fetal distress,
hepatosplenomegaly,
hyperechogenic bowel
mostly uneventful

DNA analysis
(variants in the TALDO1 gene)

No established treatment
in humans
Bene�t to supplementation with
the glutathione precursor
N-acetylcysteine in knockout
mouse model

Jaundice, hypoglycemia Poor/AR

Tyrosinemia type I [33,50,51] Mostly uneventful

Blood succinylacetone level
(screening marker)
Molecular testing of FAH, encoding
FAH

2-[2-Nitro-4-
tri�uoromethylbenzoyl]-
1,3cyclohexanedione

Jaundice, hypoglycemia Good with early treatment/AR

Galactosemia/hereditary
fructose intolerance [33,52] Mostly uneventful

Measurement of GALT enzyme
activity in red blood cells (absent or
signi�cantly decreased
GALT gene analysis)

Galactose-restricted diet Jaundice, hypoglycemia Good with early diagnosis and
diet/AR

Niemann Pick type C [53�55]
FGR, oligohydramnios,
hepatomegaly, splenomegaly,
hydrops fetalis, hygroma

Genetic testing (NPC2 gene)

No curative treatment
Iminosugar
N-butyldeoxynojirimycin
Management of the
neurological disease

NLF without a free interval
after birth Poor/AR

Urea cycle disorders [56] Mostly uneventful,
premature birth

Mutation analysis using DNA from
CVS or AFC
Citrulline and ASA determinations
in AF for prenatal diagnosis of
ASSD and ASLD

Nitrogen scavengers benzoate
and phenylacetate arginine
and/or citrulline
N-Carbamylglutamate

Neurological impairment,
seizures, hyperammonemia,
lethargy, anorexia,
hyper-/hypoventilation

Outcomes are generally poor
without early treatment/good
with strict supervision
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Table 2. Cont.

Causes of Neonatal
Hemochromatosis Phenotype
Other Than Gestational
Alloimmune Liver Disease

Prenatal Ultrasound Features Investigations Available Treatments Perinatal Findings
Prognosis of
Affected/Subsequent
Pregnancies

Disorders of glycosylation [57] FGR, skeletal anomalies,
pericardial effusion Multiple, DNA analysis

No curative treatment
Organ transplantation to relieve
selected symptoms
Promising new monosaccharides
(particularly mannose and
galactose) and
chaperone therapies

Axial hypotonia, hyperre�exia,
esotropia, development delay. A
non-fatal neurological form and a
multivisceral neurological form.

Poor/most forms of CDG are
inherited in AR

Mitochondrial cytopathies [58] Usually uneventful
Gene sequencing
Mutation in the mitochondrial
DNA or nuclear DNA

No curative treatment Hypotonia, seizures, abnormal
liver function, impaired feeding

Depends on how many organ
systems and tissues are
affected/AR, AD
Mitochondrial
Random mutations

4. Primary bile acid disorders
[59] Usually uneventful

HSD3B7 gene for 3�-HSD
de�ciency; AKR1D1 gene (formerly
SRD5B1) for D4-3-oxoR de�ciency.

Cholic and
chenodeoxycholic acid

Neonatal hepatitis, cholestasis,
diarrhea, steatorrhea,
malabsorption, progressive
neurological disease, cirrhosis

50% mortality without
treatment/AR

5. Genetic�syndromic
Trisomy 21, trisomy 18,
cerebrohepatorenal syndrome,
renal tubular dysgenesis
syndrome, Donohue syndrome,
trichohepatoenteric syndrome [3]

FGR, diverse structural
anomalies Karyotype/gene testing No curative treatment

Clinical presentation may vary
widely from single anomaly to
multiple malformations

Poor/depends on parental
genetic status

6. Rhesus incompatibility,
AB0-incompatibility, congenital
hemolysis [60]

Hydramnios, FGR, hydrops
fetalis, hepato-splenomegaly,
ascites

Clinical and laboratory assessment
(Coombs test, qPCR to detect RHD
gene in cfDNA)

The main principle is the
prevention of maternal
sensitization anti-D
immune globulin

Anemia, hyperbilirubinemia,
thrombocytopenia, neutropenia,
kernicterus, hypomagnesemia,
neurological complications

Generally good/good with
early administration of Rh IgG
if the fetus is Rh positive

7. Hematological disorders
Hemophagocytic
lymphohistiocytosis [61]

No data found regarding
prenatal ultrasound �ndings
of HLH

Hematological and imagistic tests
Evaluations for infections and
malignancies
Rapid screening tests for
genetic HLH

Immunosuppressive and
chemotherapeutic treatment

Fever, splenomegaly, cytopenias,
hypo�brinogenemia,
�hypertriglyceridemia,
hyperferritinemia,
hemophagocytosis, low NK
activity, high concentration of
soluble interleukin 2receptor
(sCD25/sIL-2R)

High mortality rate/various
genetic causes of
predisposition
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Table 2. Cont.

Causes of Neonatal
Hemochromatosis Phenotype
Other Than Gestational
Alloimmune Liver Disease

Prenatal Ultrasound Features Investigations Available Treatments Perinatal Findings
Prognosis of
Affected/Subsequent
Pregnancies

8. Exposure to toxic agents
Pyrrolizidine [62,63]

No data found regarding
prenatal ultrasound �ndings of
pyrrolizidine exposure

Classic methods
(urine colorimetric screening test),
chromatography, mass
spectrometry, immunoassays

Stopping the exposure,
symptomatic treatment,
anticoagulant therapy,
transjugular intrahepatic
portosystemic shunt, liver
transplant, de�brotide

Abdominal pain, jaundice,
hepatomegaly, ascites, weight
gain

Chronic exposure causes
hepatic sinusoidal obstruction
syndrome/good

11. Exogenous iron overload [64]
No data found regarding
prenatal ultrasound �ndings of
exogenous iron overload

Mutations in the genes for
transferrin receptor 2 (TfR2) or
ferroportin (SLC40A1)
Fasting serum testing for ferritin,
total iron-binding capacity,
transferrin saturation, iron levels
and metabolic panel, including
hepatic enzymes
MRI

Phlebotomy
Iron chelators: deferoxamine and
deferasirox
Orthotopic liver transplantation
Diet modi�cation

Fetal growth retardation,
aminoaciduria, cholestasis, liver
hemosiderosis, hyperferritinemia,
hypotransferrinemia, increased
transferrin iron saturation, and
free plasma iron, lactic acidosis

Good if no end-organ
disfunction/AD

* Some of the metabolic disorders are also genetic metabolic disorders. AF = amniotic �uid; CDG = congenital disorders of glycosylation; CVS = chorionic villous sample; AFC = amniotic
�uid cells; ASA = argininosuccinate; ASSD = argininosuccinate synthetase de�ciency, citrullinemia type I; ASLD = argininosuccinate lyase de�ciency; UCD = urea cycle disorders;
HLH = hemophagocytic lymphohistiocytosis; AR = autosomal recessive disorder; AD = autosomal dominant; FGR = fetal growth restriction; MRI = magnetic resonance imaging;
NLF = neonatal liver failure; NK = natural killer.
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This particular aspect of the liver, similar to that in adult cirrhosis, is challenging to
evaluate in fetuses. Therefore, additional investigations such as fetal MRI are needed to
con�rm any suspicions.

Unexplained fetal anemia, refractory to fetal in utero transfusion, is another US �nding
that can be prenatally detected without dif�culty after introducing middle cerebral artery
systolic peak measurement in routine practice. This could raise suspicion of NH [9].

Encountering NH during the �rst pregnancy in consanguine couples is an aspect
for which clinical signi�cance is yet to be revealed [12]. Another observation that does
not �t the NH prenatal pattern is the different liver damage grades observed in some
twin pregnancies [1]. In unexplained cases of fetal death, NH should be considered as
one of the differential diagnoses, although cautiously, considering that US signs of NH are
insuf�cient in the �rst affected pregnancy [3].

4.3. Magnetic Resonance Imaging�New Horizons for Prenatal Diagnosis and Follow-Up of
Neonatal Hemochromatosis

Although there is evidence of its effectiveness [65], MRI is scarcely used in prenatal
NH diagnosis. It is mainly utilized as a research tool rather than a diagnostic tool in
neonates [45]. Quantitative assessment of organ iron deposition for the adult population
is available using T1 or T2* relaxometry, and this can be applied in pediatrics. However,
there is still no available normative data on iron quantity in various neonate tissues [4,66].

Fetal MRI in GALD could help assess clinical responses to in utero treatment [67]. The
methods used encompass a qualitative assessment of the signal intensity of the respective
organs on T2, T2*, T1, and GRE (gradient recalled echo) sequences.

However, depicting the liver overcharged with iron is insuf�cient for diagnosis, even if
other immune manifestations, such as hydrops fetalis, are present. Extrahepatic siderosis is
considered a fundamental criterion for diagnosis, but a GALD hypothesis should be raised,
even in its absence, when considering con�rmed af�iction in previous pregnancies. Recent
studies emphasize this, recommending that prenatal treatment should not be postponed
when there is no �nding of extrahepatic non-reticuloendothelial siderosis but there are
other speci�c markers pointing to gestational alloimmune liver disease [31].

Even if fetal organ iron deposition can be demonstrated by MRI, it may not al-
ways be present at the moment of examination, as hypothesized as far back as 1990 by
Hoogstraten [67]. Cases have been reported with an atrophic liver both with and without
observable extrahepatic iron impregnation. On the other hand, liver siderosis could be
absent, as the targeted hepatocytes could have already been destroyed [17]. In these cases,
the presence of extrahepatic iron impregnation could help with diagnosis [7].

There have been reports of several MRI sequences that can show organ iron overload
in the fetus. In the �rst case of intrauterine hemochromatosis diagnosed with MRI in 1993,
Marti-Bonmati et al. used a T2* sequence. Extremely low hepatic parenchymal signal
intensity (SI) was shown compared with that of fetal and maternal fat tissue [68].

Presently, fast, single-shot T2-weighted sequences are the primary tool in fetal MRI and
the first to raise suspicion of liver iron deposition. The affected fetal liver shows an SI drop
that is even more conspicuous when compared with the fetal spleen or maternal liver SI.

The same pattern of signal intensity alteration seen in neonates with NH has been
described in fetuses with liver siderosis in a few case presentations�lower median SI of
the liver on in-phase sequences compared with the opposed-phase SI.

The in-phase/opposed-phase SI ratio (SIR) in fetal NH has been reported as approxi-
mately 0.5 in an untreated fetus and 0.78 in a fetus with prior IVIG treatment. In one case of
prior clinically and histologically proven GALD, Sasaki et al. also calculated the SIR of the
fetal liver, spleen, and pancreas to the fetal iliopsoas muscle. They obtained values of 0.7,
1.36, and 1.74, respectively, suggesting that iron deposition in this treated case was limited
to the liver [66,69].

Organ iron load quanti�cation could be achieved with MRI T2* relaxometry techniques,
as described in 2013 by Schoennagel et al. in a fetal sheep model and a human neonate
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with hemochromatosis [70]. Sethi et al. achieved further progress in a future quantitative
assessment of fetal organ iron load by setting the baseline for quantifying the T1 and T2*
relaxation times of fetal tissues in uncomplicated pregnancies at the gestational age of
28�38 weeks [71].

A French retrospective multicentric study of the importance of autopsy and auto-
immune maternal manifestations in neonatal hemochromatosis observed that, in fetuses,
iron storage was more frequent in the thyroid than in the pancreas [28]. As far as we
know, there has been no reported MRI �nding (or search) of fetal thyroid iron load in
hemochromatosis. The thyroid signal intensity in 3D GRE T1 was evaluated in seven fetuses
with hypothyroidism and 17 fetuses with normal thyroid function (GA of 28�41 weeks).
The mean and maximum SIRs in fetuses with a normal thyroid was 1.85 � 0.20 and
2.61 � 0.39 [72]. This �nding could be a reference for normal fetal thyroid SI on GRE T1
sequences when assessing fetuses with hemochromatosis.

Extrahepatic siderosis can be detected non-invasively by a multi-echo gradient recalled
echo T2*-weighted MRI sequence within hours of birth and graded as mild, moderate, or
severe based on the echo in which organs start showing darkening/a signal drop [4,66].

Another essential step in con�rming NH where MRI may play an important role
is postmortem evaluation. In selected cases where parents’ religious or moral views
prevent a classical autopsy evaluation, a virtual evaluation by postmortem MRI might be
a valuable alternative with a high grade of acceptability from the genitors. Postmortem
MRI can easily depict liver siderosis [73] or extrahepatic siderosis and can therefore be the
necessary justi�cation for further investigations through a guided liver biopsy �C5b-9
immunostaining.

4.4. In Utero Treatment and the Prevention of Neonatal Hemochromatosis Sequelae
In 2004, Whittington proposed the antenatal administration of a high dose of intra-

venous immunoglobulin (IVIG), starting in the second trimester, for women with a previous
pregnancy with NH [7]. Today, treatment with IVIG has practically changed the prognosis
of affected women, allowing them to bear a healthy child after a pregnancy with NH [74,75].
The current guidelines recommend administering IVIG to secondary pregnancies at a dose
of 1 g/kg at 14 and 16 weeks and then weekly from 18 weeks of gestation. The treatment
signi�cantly improved disease evolution with absent US manifestations and a better life
expectancy than in untreated pregnancies [67]. However, IVIG treatment is expensive;
availability can be limited in some countries, and severe adverse effects may present [75].

The mechanism by which IVIG administration improves fetal evolution remains
unclear, but some theories have been proposed. One considers the dilution of maternal
antibodies directed against the fetal liver antigens as a possible mechanism [3]. Another
proposes that IVIG may block placenta receptors and reduce the placental transmission
of maternal antibodies to the fetus, or that IVIG may even block Fc receptors on the
macrophages in the fetal circulation, limiting the destruction of fetal hepatocytes sensitized
by maternal antibodies [3].

4.5. Future Diagnostic Perspective
An in utero diagnosis of NH would be a remarkable achievement, as early diagnosis

would prove useful for fetal treatment therapy. Based on the wide range of risks posed by a
fetal liver biopsy and its relatively poor speci�city, a more effective method is required [75].

We consider that a prenatal MRI should be considered earlier in cases presenting FGR
with normal Doppler parameters or unexplained non-immune hydrops fetalis, refractory
anemia to fetal in utero transfusion, or liver abnormalities in the diagnosis algorithm.
Furthermore, for parents that refuse to allow a classical autopsy of the fetus/neonate,
postmortem MRI is a non-invasive solution that can easily identify liver siderosis and guide
biopsy. To illustrate this idea, a �gure of a fetus with con�rmed NH investigated using
both in vivo and postmortem MRI is rendered in Figure 4.
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Figure 4. Neonatal hemochromatosis in a hypotrophic fetus with idiopathic non-immune hydrops.
(A) Ultrasound axial abdominal section depicting hepatosplenomegaly (arrow), ascites, and subcu-
taneous edema at 17 WGA. (B) Prenatal MRI 3T, T2 WI depicting fetoplacental anasarca and the
liver with axial T2 hypersignal and (C) sagittal section (arrow) at 18 WGA. (D,E) Virtual autopsy
using postmortem MRI, T2WI, and T1WI in the coronal plane depicting fetal liver with low signal
(arrow), indicating the presence of iron at 21 WGA. (F) Hematoxylin�eosin staining (7�) showing
two centrilobular veins and cords of hepatocytes. (G) Perls staining showing hemosiderin deposits
(blue) in liver parenchyma (8�).

4.6. Limitations
NH-GALD is a rare, severe disorder that results in fetal loss or neonatal death due to

liver failure; therefore, the present study is limited by the small number of included studies
and the retrospective nature of the reported cases.

5. Conclusions
Despite the strong impact of this condition on present and future pregnancies, the pre-

natal �ndings that might suggest fetal NH are often nonspeci�c. MRI should be indicated
in selected cases of unexplained FGR, oligohydramnios, fetal hydrops, fetal hepatomegaly,
and ascites or anemia, usually after all the other more frequently encountered conditions
have been ruled out. MRI can detect iron overload in the liver and extrahepatic siderosis,
con�rming NH. For the parents that refuse a fetal autopsy, postmortem MRI should be
available for all cases of unexplained fetal and newborn deaths with liver failure, as it can
easily detect liver siderosis and guide future investigations. Once the diagnosis is made, the
administration of speci�c IVIG should be initiated immediately after diagnosis, allowing
for a much better prognosis. C5b-9 staining of the tissues can con�rm the diagnosis from
the liver biopsy or autopsy specimen.

In subsequent pregnancies, women with a previously NH-affected fetus should be
carefully evaluated, and high-dose IVIG treatment should be started at the end of the �rst
trimester, as evidence shows signi�cant improvement in the disease evolution compared
with untreated pregnancies. In neonates, exchange transfusion and a high dose of IVIG
is the preferred treatment to remove the maternal NH-associated antibody and block its
action, including complement activation.
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Abstract. Hypertrophic and atrophic scars are the effect of a 
dysregulated wound-healing process in genetically predisposed 
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cant attention due to the diverse phenotype of pathological 
scarring in individuals with a positive personal and family 
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decreased hTERT activity in pathological scarring, proposing 
the rs2736100 variant of human telomerase reverse transcrip-
tase (hTERT) gene as a valuable variant gene candidate. We 
examined the scarring process in 71 female patients who had 
undergone Caesarean section and developed hypertrophic 
and atrophic scars with the objective to investigate the role 
of single nucleotide polymorphism (SNP) rs2736100 in patho-
logical scarring. Genotyping was performed using RT-PCR 
and follow-up included the Patient Observer Scar Assessment 
Scale (POSAS) and SCAR scales. Comparative analysis for 
mean POSAS value between the check-ups at 3 and 6 months 
revealed a statistical decreased difference of 1.71 points [95% 
�F�R�Q�À�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�����&�,���������������������������3� ���������@�����Z�K�L�O�H���6�&�$�5���K�L�J�K-
�O�L�J�K�W�H�G���D���G�H�F�U�H�D�V�H�G���G�L�I�I�H�U�H�Q�F�H���R�I�������������������������&�,����������������������������
�3� �����������������7�K�H���&���Y�D�U�L�D�Q�W���D�O�O�H�O�H���U�H�Y�H�D�O�H�G���D���E�R�U�G�H�U�O�L�Q�H���V�W�D�W�L�V�W�L�F�D�O��
�Y�D�O�X�H���I�R�U���W�K�H���U�L�V�N���R�I���G�H�Y�H�O�R�S�L�Q�J���S�D�W�K�R�O�R�J�L�F�D�O���V�F�D�U�U�L�Q�J�����2�5� ������������
���������&�,�������������������������������3� �����������������,�Q���R�X�U���V�W�X�G�\���D���S�U�H���F�R�Q�F�H�S�W�L�R�Q�D�O��
body mass index (BMI) >25 kg/m2 was statistically associated 
�Z�L�W�K���S�D�W�K�R�O�R�J�L�F�D�O���V�F�D�U�U�L�Q�J�����7�K�H���)�L�W�]�S�D�W�U�L�F�N���W�\�S�H �����S�K�R�W�R�W�\�S�H��

displayed an increased frequency for the heterozygous geno-
type in the current study, and it was demonstrated that dark 
skin tone was associated with abnormal scar formation. Our 
study investigated the role of hTERT gene variant rs2736100 in 
hypertrophic and atrophic scarring in a Caucasian population 
�J�U�R�X�S�����:�H���U�H�S�R�U�W���D���E�R�U�G�H�U�O�L�Q�H���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�À�F�D�Q�W���Y�D�O�X�H���I�R�U��
the variant C allele of hTERT SNP for the risk of developing 
pathological scarring in female patients that had undergone 
Caesarean section.

Introduction

The background of pathological scarring relies on alterations 
in physiological tissue repairing mechanisms after surgical 
�L�Q�F�L�V�L�R�Q�����L�Q�Á�D�P�P�D�W�L�R�Q�����E�X�U�Q�����R�U���G�X�H���W�R���W�U�D�X�P�D�����3�D�W�K�R�O�R�J�L�F�D�O��
scarring brings forth a negative impact on life quality (1,2). 
�3�U�H�Y�H�Q�W�L�Y�H���L�Q�L�W�L�D�W�L�Y�H�V���D�Q�G���W�K�H�U�D�S�H�X�W�L�F���P�H�D�V�X�U�H�V���O�D�F�N���V�L�J�Q�L�À�F�D�Q�W��
�H�I�À�F�D�F�\�����D�Q�G���W�K�H���U�H�R�F�F�X�U�U�H�Q�F�H���U�D�W�H���L�V���Y�D�U�L�D�E�O�\���H�O�H�Y�D�W�H�G�����7�K�H��
�V�W�X�G�\���R�I���W�K�H���U�L�V�N���I�D�F�W�R�U�V���P�D�\���R�I�I�H�U���Y�D�O�X�D�E�O�H���L�Q�V�L�J�K�W�V���I�R�U���H�I�À�F�L�H�Q�W��
�S�U�R�S�K�\�O�D�F�W�L�F���P�H�D�V�X�U�H�V���D�Q�G���V�S�H�F�L�À�F���W�U�H�D�W�P�H�Q�W���G�H�Y�H�O�R�S�P�H�Q�W���I�R�U��
at individuals at risk (3). 

Hypertrophic scarring includes increased deposition of 
�H�[�W�U�D�F�H�O�O�X�O�D�U���P�D�W�U�L�[���D�Q�G���L�Q�Y�D�V�L�Y�H���À�E�U�R�E�O�D�V�W���J�U�R�Z�W�K �����������Z�K�L�O�H��
an atrophic scar appears as topographical depression as a 
result of inadequate compensation for tissue loss during the 
physiological wound-healing process (5).

�*�H�Q�H�W�L�F���S�U�H�G�L�V�S�R�V�L�W�L�R�Q���K�D�V���D�W�W�U�D�F�W�H�G���V�L�J�Q�L�À�F�D�Q�W���D�W�W�H�Q�W�L�R�Q��
due to the diverse phenotype of pathological scarring in indi-
viduals with a positive personal and family history. Several 
�V�W�X�G�L�H�V �������������K�D�Y�H���L�Q�Y�H�V�W�L�J�D�W�H�G���W�K�H���J�H�Q�H�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���O�R�F�D�O��
�F�R�D�J�X�O�D�W�L�R�Q�����L�Q�Á�D�P�P�D�W�L�R�Q�����W�L�V�V�X�H���I�R�U�P�D�W�L�R�Q�����U�H�H�S�L�W�K�H�O�L�]�D�W�L�R�Q����
angiogenesis and matrix protein production), and tissue remod-
�H�O�L�Q�J�����Z�L�W�K���Y�D�U�L�D�E�O�H���J�U�D�G�H�V���R�I���D�F�K�L�H�Y�H�P�H�Q�W�V���D�Q�G���V�X�J�J�H�V�W�L�Q�J���D��
wider approach (9). 

The human telomerase reverse transcriptase (hTERT) gene 
maintains the telomeres at a steady length, prolonging the 
cell lifespan by synthetizing the telomeric sequence. Enzyme 
activity is increased in cancer and germ cells compared to 
somatic cells (10). Recent studies have identified telomere 
shortening and decreased hTERT activity in pathological 
scarring. The rs2736100 SNP is responsible for a dysregulated 
hTERT expression and activity being associated with excessive 
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�À�E�U�R�V�L�V���D�Q�G���À�E�U�R�E�O�D�V�W���S�U�R�O�L�I�H�U�D�W�L�R�Q���L�Q���P�X�O�W�L�S�O�H���F�D�Q�F�H�U�V ������������
The role of this particular SNP has not been investigated with 
�U�H�J�D�U�G�V���W�R���V�F�D�U�U�L�Q�J�����K�R�Z�H�Y�H�U�����G�X�H���W�R���W�K�H���J�H�Q�H���L�Q�Y�R�O�Y�H�P�H�Q�W���L�Q��
the scarring process, the present SNP is a valid candidate for 
research of this association (12). Thus, the objective of this 
study was to investigate the potential association of rs2736100 
variant of the hTERT gene in relationship with atrophic and 
hypertrophic scarring in a Caucasian population group.

Patients and methods

Study group. The study group was comprised of 71 female 
patients having undergone Caesarean section at the 1st 
Gynaecology Clinic in Cluj-Napoca, Romania. A total of 
���� �S�D�W�L�H�Q�W�V���Z�H�U�H���L�Q�L�W�L�D�O�O�\���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�W�X�G�\�����Z�L�W�K���R�Q�H���S�D�W�L�H�Q�W��
withdrawing verbally from the study and an additional group 
�R�I������ �S�D�W�L�H�Q�W�V���O�R�V�W���W�K�U�R�X�J�K���I�R�O�O�R�Z���X�S�����7�K�H���L�Q�F�O�X�V�L�R�Q���F�U�L�W�H�U�L�D��
�F�R�Q�V�L�V�W�H�G���R�I���L�Q�G�L�Y�L�G�X�D�O�V���R�I���D�J�H���P�R�U�H���W�K�D�Q������ �\�H�D�U�V�����Z�L�O�O�L�Q�J-
ness to participate and consecutive written informed consent 
of the female patients after undergoing planned Caesarean 
section without any pre-/post-operative complications, as well 
as compliance to the necessary follow-ups. The main exclu-
sion criteria included the presence of overlapped incisions 
from previous surgeries or trauma and a reluctance or lack of 
cooperation for follow-up. The initial check-up was carried out 
in-person and at 3 and 6 month the check-ups were carried 
out via phone. Data regarding skin characteristics [Fitzpatrick 
�S�K�R�W�R�W�\�S�H ���������@���D�V���Z�H�O�O���D�V���J�H�Q�H�U�D�O���L�Q�I�R�U�P�D�W�L�R�Q���U�H�J�D�U�G�L�Q�J���D�J�H����
height, weight, consumption of tobacco, personal and family 
history of atypical scars and weight gain during pregnancy 
were collected. The clinical investigation relied on Patient 
Observer Scar Assessment Scale (POSAS) and SCAR 
�V�F�D�O�H�V ���������� �I�R�U���R�E�M�H�F�W�L�I�\�L�Q�J���W�K�H���V�F�D�U�V�����E�R�W�K���E�\���S�U�R�I�H�V�V�L�R�Q�D�O�V��
�D�Q�G���S�D�W�L�H�Q�W�V �������������6�L�[���P�R�Q�W�K�V���I�R�O�O�R�Z�L�Q�J���V�X�U�J�H�U�\�����W�K�H���������L�Q�G�L-
viduals were grouped according to the scar type as follows: 
physiological scar group (53 patients), hypertrophic scar group 
(13 patients) and atrophic scar group (5 patients). 

Genotyping investigation. Peripheral venous blood samples 
were collected in K3EDTA vacutainers, followed by 
�V�W�R�U�D�J�H���D�W ���Ý�&���X�Q�W�L�O���S�U�R�F�H�V�V�L�Q�J�����7�K�H���:�L�]�D�U�G���*�H�Q�R�P�L�F���'�1�$��
�3�X�U�L�À�F�D�W�L�R�Q���.�L�W�����3�U�R�P�H�J�D���&�R�U�S�������Z�D�V���X�V�H�G���W�R���H�[�W�U�D�F�W���J�H�Q�R�P�L�F��
�'�1�$���� �7�K�L�V�� �Z�D�V�� �V�W�R�U�H�G�� �D�W�� �������Ý�&�� �D�I�W�H�U�� �U�H�K�\�G�U�D�W�L�R�Q���� �S�H�Q�G�L�Q�J��
genotyping. The mentioned SNP was genotyped using TaqMan 
�D�V�V�D�\�����7�K�H�U�P�R���)�L�V�K�H�U���6�F�L�H�Q�W�Lfi�F�����,�Q�F�������D�Q�G���W�K�H�������������)�D�V�W���'�[��
Real-Time Polymerase Chain Reaction (PCR) system (Applied 
�%�L�R�V�\�V�W�H�P�V�����7�K�H�U�P�R���)�L�V�K�H�U���6�F�L�H�Q�W�Lfi�F�����,�Q�F���������%�L�R�5�D�G���&�)�;������
Real-Time PCR Detection System (BioRad Laboratories, Inc.) 
software was used to interpret the results.

Statistical analysis. Mean ± standard deviation or absolute 
and relative frequencies (%) were used in the descriptive 
statistics for clinical and genetic variables. SPSS for 
MacBook (SPSS Inc.) was the software used for conducting 
the statistical investigation. The Chi-square test was used to 
measure the Hardy-Weinberg equilibrium. The Chi-square 
test was also used to compare the clinical and demographic 
data. The dispersion parameters were calculated using the 
Kolmogorov-Smirnov test. Mann-Whitney-Wilcoxon test and 
Student's t-test were addressed to analyze the comparisons 

between subgroups and to correlate within continuous vari-
ables. The outcome differences appreciated by the SCAR 
and POSAS were compared using the Student's t-test. Allelic 
frequencies and genotype distribution were examined among 
the study group using Fisher's exact test [odds ratio (OR) with 
���������F�R�Q�À�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�����&�,���@�����$���V�L�J�Q�L�À�F�D�Q�W���V�W�D�W�L�V�W�L�F�D�O���G�L�I�I�H�U-
ence was considered at a P-value <0.05.

Results

Clinical and demographic study. Demographic and clinical 
patient features according to the study subgroup are illustrated 
�L�Q���7�D�E�O�H �,�����1�R���V�W�D�W�L�V�W�L�F�D�O���V�L�J�Q�L�À�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H���Z�D�V���R�E�V�H�U�Y�H�G��
regarding the age, height, weight, pre-conceptional weight 
�D�Q�G���G�X�U�D�W�L�R�Q���R�I���O�D�F�W�D�W�L�R�Q�����6�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�À�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H�V��
were reported for the Fitzpatrick phototypes, the POSAS and 
SCAR scores for the clinical evaluation and in the family and 
personal history.

The comparative analysis for POSAS and SCAR mean 
values between check-ups at 3 and 6 months are further elabo-
rated in Table I. 

Analysis of hTERT rs2736100. The molecular analysis results 
are presented in Table II, illustrating the allele frequency and 
genotype distribution of the hTERT variant gene: rs2736100. 
The association analysis of POSAS and SCAR with the hTERT 
genotypes did not reveal any strong association (POSAS: 
�)�� �������� ������� �������������� �3� ���������� �6�&�$�5���� �)�� �������� ������� �������������� �3� ������������
respectively). 

The analysis of genotype effect on BMI with an age-adjusted 
criteria showed a borderline statistical differences between 
the subgroups. A BMI >25 kg/m2 was statistically associated 
�Z�L�W�K�� �S�D�W�K�R�O�R�J�L�F�D�O�� �V�F�D�U�U�L�Q�J�� ���µ2� �������������� �3� ���������������� �1�R�� �V�W�U�R�Q�J��
association was exhibited between the excessive weight gain 
�G�X�U�L�Q�J���S�U�H�J�Q�D�Q�F�\�����!���� �N�J�����D�Q�G���S�D�W�K�R�O�R�J�L�F�D�O���V�F�D�U�U�L�Q�J�����µ2� ������������
�3� �����������������1�R���V�X�J�J�H�V�W�L�Y�H���D�V�V�R�F�L�D�W�L�R�Q���Z�D�V���U�H�Y�H�D�O�H�G���E�H�W�Z�H�H�Q���W�K�H��
personal history and the pathological scarring regarding the 
genotype distribution.

Under the Chi-square test, the genotype distribution was 
statistically associated with the Fitzpatrick skin phototype 
���µ2� ������������ �3� �������������� �K�D�Y�L�Q�J�� �X�Q�G�H�U�� �&�U�D�P�H�U�
�V�� �W�H�V�W�� ���9� �������������� �D��
�P�R�G�H�U�D�W�H���D�V�V�R�F�L�D�W�L�R�Q���S�U�R�À�O�H��

Fisher's exact test was used under the dominant and reces-
sive models to evaluate the association between the genotype 
distribution and the pathological scarring subgroups. The 
variant CC genotype failed to exhibit any association for the 
hypertrophic and atrophic scars both separately and combined. 
The variant C allele revealed a borderline statistical value for 
�W�K�H���U�L�V�N���R�I���G�H�Y�H�O�R�S�L�Q�J���S�D�W�K�R�O�R�J�L�F�D�O���V�F�D�U�U�L�Q�J�����2�5� ���������������������&�,��
���������������������������3� ��������������

Discussion

Hypertrophic and atrophic scars are the effect of a dysregu-
lated wound-healing process in genetically predisposed 
individuals, having many possible alterations in inf lam-
mation, cell proliferation or tissue remodeling steps of the 
physiological process (15). Several genetic abnormalities 
have been the investigative focus in pathological scarring 
research, but the hTERT variant rs2736100 represents a 
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�Q�R�Y�H�O���U�H�V�H�D�U�F�K���W�D�U�J�H�W���I�R�U���L�Q�Y�H�V�W�L�J�D�W�L�Q�J���W�K�H���J�H�Q�H�W�L�F���L�Q�Á�X�H�Q�F�H��
of scarring. 

�,�Q�� �R�X�U�� �V�W�X�G�\���� �������������� �R�I�� �W�K�H�� �I�H�P�D�O�H�� �S�D�W�L�H�Q�W�V�� �G�H�Y�H�O�R�S�H�G��
�Q�R�U�P�D�O���V�F�D�U�U�L�Q�J���W�L�V�V�X�H�����Z�K�L�O�H���������� �D�Q�G �������������Z�H�U�H���I�R�X�Q�G���Z�L�W�K��
hypertrophic and atrophic scars, respectively. The pathological 

scarring distribution respects the reported scar prevalence 
after surgery in the Caucasian population (16). 

De  Felice  et  al demonstrated the impact of telomere 
shortening on keloids, being associated with increased oxida-
tive stress due to the absent expression of hTERT in keloids. 

Table I. Demographic and clinical patient features according to the study subgroup.

		  Normal	 Hypertrophic	 Atrophic
�3�D�U�D�P�H�W�H�U�V		  �V�F�D�U�U�L�Q�J�����Q� ������	�V�F�D�U�U�L�Q�J�����Q� ������	�V�F�D�U�U�L�Q�J�����Q� ����

�0�H�D�Q���D�J�H		  �����������“��������	 �����������“��������	 �����������“������
�:�H�L�J�K�W�����N�J��		  �����������“����������	 �����������“��������	 ���������“����������
�+�H�L�J�K�W�����P��		  ���������“��������	 ���������“��������	 ���������“��������
�3�U�H�F�R�Q�F�H�S�W�L�R�Q�D�O���Z�H�L�J�K�W�����N�J��		 �����������“����������	 �����“����������	 ���������“����������
�:�H�L�J�K�W���J�D�L�Q�����N�J��		  �����������“��������	 �����������“��������	 ���������“��������
�6�P�R�N�L�Q�J�����Q��������	 �<�H�V	 ��������������������	 ��������������	 ��������������
	 �1�R	 ��������������������	 ������������������	 ����������������
	 P-value	 0.02	 >0.05	 >0.05
�3�H�U�V�R�Q�D�O���K�L�V�W�R�U�\�����Q��������	�<�H�V	 ��������������������	 ����������������	 ��������������
	 �1�R	 ��������������������	 ������������������	 ����������������
	 P-value	 0.02	 0.04	 >0.05
�)�D�P�L�O�\���K�L�V�W�R�U�\�����Q��������	�<�H�V	 ����������������	 ��������������	 ����������
	 �1�R	 ��������������������	 ������������������	 ������������������
	 P-value	 0.02	 >0.05	 N/A
�)�L�W�]�S�D�W�U�L�F�N���S�K�R�W�R�W�\�S�H�����Q��������	��	 ����������������	 ����������	 ��������������
	 ��	 ��������������������	 ����������������	 ��������������
	 ��	 ��������������������	 ��������������������	 ����������
	 ��	 ��������������������	 ��������������	 ����������������
	 ��	 ����������������	 ����������	 ��������������
�3�2�6�$�6	 �� �P�R�Q�W�K�V	 �����������“��������	 �����������“��������	 ���������“������
	 �� �P�R�Q�W�K�V	 �����������“��������	 ���������“��������	 �������“������
	 P-value	 >0.05	 0.01	 0.04
�6�&�$�5	 �� �P�R�Q�W�K�V	 ���������“��������	 ���������“��������	 �������“������
	 �� �P�R�Q�W�K�V	 ���������“������	 ���������“������	 �������“��������
	 P-value	 >0.05	 >0.05	 >0.05
�7�U�H�D�W�P�H�Q�W�����Q��������	 �<�H�V	 ����������������������	 ����������������	 ����������
	 �1�R	 ��������������������	 ������������������	 ������������������
�/�D�F�W�D�W�L�R�Q�����P�R�Q�W�K�V��		 ���������“��������	 ���������“��������	 �������“��������

Data are presented as mean ± SD for continuous variables and as frequencies (n, %) for categorical variables. POSAS, Patient Observer Scar 
�$�V�V�H�V�V�P�H�Q�W���6�F�D�O�H�����$�O�O���3���Y�D�O�X�H�V���L�Q�G�L�F�D�W�L�Q�J���V�L�J�Q�L�À�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H�V���D�U�H���L�Q�G�L�F�D�W�H�G���L�Q���E�R�O�G���S�U�L�Q�W��

Table II. Allele frequency and gentotype distribution of the hTERT variant gene: rs2736100.

Allele frequency and genotype	 Normal scarring	 Hypertrophic scarring	 Atrophic scarring
distribution of the hTERT���Y�D�U�L�D�Q�W���J�H�Q�H	���Q� ������	 ���Q� ������	 ���Q� ����

A allele (wild-type)	 52	 9	 7
�&���D�O�O�H�O�H�����Y�D�U�L�D�Q�W���W�\�S�H��	 ����	 ����	 ��
AA	 15	 2	 2
AC	 22	 5	 3
CC	 16	 6	 0
�$�&�������&�&	 ����	 ����	 ��
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No data have been acquired regarding hTERT and hyper-
trophic and atrophic scars in Caucasians (12). Other studies 
have investigated the implication of hTERT in cancer and 
�À�E�U�R�S�U�R�O�L�I�H�U�D�W�L�Y�H���G�L�V�H�D�V�H�V�����K�L�J�K�O�L�J�K�W�L�Q�J���W�K�H���F�D�X�V�D�W�L�Y�H���U�R�O�H���R�I��
hTERT (10,17). 

The AC genotype was the most frequently encountered 
in our study and the comparative analysis of all genotypes 
did not reveal any statistical difference between normal and 
pathological scars. Another research interest was the velocity 
of wound healing based on the POSAS and SCAR score values 
which were decreased between the 3- and 6-months check-ups, 
but no statistical difference was observed other than the similar 
pattern of decrease for each genotype. 

�7�K�H���W�\�S�H �����)�L�W�]�S�D�W�U�L�F�N���S�K�R�W�R�W�\�S�H���G�L�V�S�O�D�\�H�G���D�Q���L�Q�F�U�H�D�V�H�G��
frequency for heterozygous genotype in the current study and 
it is demonstrated that higher grade phototypes are associated 
with abnormal scar formation (7). Our study did not reveal this 
association due to the lower number of individuals included in 
the study.

Obesity is considered a risk factor for keloid develop-
ment. Our data revealed similar results for the hypertrophic 
and atrophic scars. Literature suggests that an overweight 
status is a valid risk factor for hypertrophic scarring, while 
obesity is closely associated with keloid development 
�W�K�U�R�X�J�K���W�K�H���V�\�V�W�H�P�L�F���S�U�R���L�Q�Á�D�P�P�D�W�R�U�\���V�W�D�W�H���Z�K�L�F�K���D�F�W�V���D�V���D��
�S�U�H�G�L�V�S�R�V�L�Q�J���F�R�Q�G�L�W�L�R�Q �������������,�Q���R�X�U���V�W�X�G�\�����D���S�U�H���F�R�Q�F�H�S�W�L�R�Q�D�O��
BMI >25 kg/m2 was statistically associated with pathological 
scarring, but it failed to exhibit a higher frequency of patho-
logical scarring in the overweight individuals compared to 
normoponderal ones. 

A positive personal history is a well-known risk factor for 
abnormal scarring tissue reoccurrence, particularly keloids, 
but hypertrophic and atrophic scarring lack this validation in 
other studies (19). No evidence was highlighted in the current 
study for the reoccurrence risk based on a positive personal 
history of abnormal scarring.

The implication of a smoking habit in pathological scarring 
is questionable. Some reports state a lower rate of hypertro-
phic scarring among smoking individuals (20), while others 
have highlighted the negative impact of smoking in surgical 
wound-healing (21). Our study did not investigate smoking as 
a risk factor due to the low smoking rate among the pregnant 
women investigated. 

The limitations of the present study included a low patient 
enrolment rate with pathological scarring, an exclusive 
all female participants and no evidence to extrapolate the 
data for the male population, and a short follow up period. 
A better understanding of the risk factors for developing 
pathological scarring would improve treatment outcome 
since more selective preventative measures can be applied. 
Patients with documented predisposition can benefit from 
prophylactic post-surgical measures aimed at reducing scar 
tissue. Investigation on animal models with overexpressed or 
knockout of the hTERT gene can evaluate the wound-healing 
process and the risk of pathological scarring after surgery.

In conclusion, the present study investigated the role of the 
hTERT gene variant rs2736100 in hypertrophic and atrophic 
scarring in a female Caucasian population group. We reported 
�D�� �E�R�U�G�H�U�O�L�Q�H�� �V�W�D�W�L�V�W�L�F�D�O�� �V�L�J�Q�L�À�F�D�Q�F�H�� �Y�D�O�X�H�� �I�R�U�� �W�K�H�� �Y�D�U�L�D�Q�W���&��
allele of the hTERT variant gene for the risk of developing 

pathological scarring in female patients having undergone 
Caesarean section.
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