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Abstract

Background: Telomeres prevent damage to coding DNA as end-nucleo-

tides are lost during mitosis. Mutations in telomere maintenance genes

cause excessive telomere shortening, a condition known as short telomere

syndrome (STS). One hepatic manifestation documented in STS is

porto-sinusoidal vascular disorder (PSVD).

Methods: As the etiology of many cases of PSVD remains unknown, this

study explored the extent to which short telomeres are present in patients

with idiopathic PSVD.

Results: This monocentric cross-sectional study included patients with histo-

logically defined idiopathic PSVD. Telomere length in 6 peripheral blood leu-

kocyte subpopulations was assessed using fluorescent in situ hybridization and

flow cytometry. Variants of telomere-related genes were identified using high-

throughput exome sequencing. In total, 22 patients were included, of whom 16

(73%) had short (9/22) or very short (7/22) telomeres according to age-adjusted

reference ranges. Fourteen patients (64%) had clinically significant portal

hypertension. Shorter telomeres were more frequent in males (p = 0.005) and

patients with concomitant interstitial lung disease (p < 0.001), chronic kidney

disease (p < 0.001), and erythrocyte macrocytosis (p = 0.007). Portal

hypertension (p = 0.021), low serum albumin level (p < 0.001), low platelet

count (p = 0.007), and hyperbilirubinemia (p = 0.053) were also associated

with shorter telomeres. Variants in knownSTS-related genes were identified in 4

patients with VSTel and 1 with STel.

Abbreviations: DTL, delta telomere length; ILD, Interstitial lung disease; NRH, nodular regenerative hyperplasia; NTel, normal telomere length; PH, portal
hypertension; PSVD, porto-sinusoidal vascular disorder; STS, short telomere syndrome; STel, short telomere length; TL, telomere length; VSTel, very short telomere
length; VUS, variant of uncertain significance.
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Conclusions: Short and very short telomeres were highly prevalent in patients

with idiopathic PSVD, with 31% presenting with variants in telomere-related

genes. Telomere biology may play an important role in vascular liver disease

development. Clinicians should consider measuring telomeres in any patient

presenting with PSVD.

INTRODUCTION

Telomeres are repetitive DNA sequences at the ends of
human chromosomes composed of 6 nucleotides
(TTAGGG).[1,2] They act as shields to preserve coding
regions because DNA replication inherently leads to the
erosion of chromosome ends. This mechanism is
counteracted by telomerase, an enzyme that adds
new telomeric DNA to the ends of chromosomes.[2,3]

Telomerase is a multienzyme complex with 2 core units,
the reverse transcriptase (telomerase reverse transcrip-
tase) and the RNA template (telomerase RNA compo-
nent), as well as additional proteins.[4] Telomerase is
highly expressed in germinal and early embryonic cells
but suppressed with cellular differentiation.[5] Therefore,
the average telomere length (TL) shortens during one’s
lifetime. However, physiological TL attrition is not linear
but more pronounced at early and late ages.[2,6,7] If a
cell’s telomeres become too short, a DNA damage
response is activated, mobilizing a molecular pathway
that results in cellular senescence or apoptosis.[1,8]

Mutations in genes responsible for telomere mainte-
nance and repair lead to critically short telomeres and
stem cell deficiency, a condition known as short telomere
syndrome (STS).[1,9,10] It is important to note that even in
patients diagnosed with STS based on TL measurement,
a predisposing mutation in the telomere-related gene is
often not identified. Indeed, mutations in telomere-related
genes have been identified in only ~half of these
patients.[11,12] Shortened telomeres result in a wide range
of clinical manifestations affecting various organ sys-
tems, including the lungs, liver, bone marrow, immune
system, and skin. The age of onset and severity of
symptoms varies widely, with younger individuals typi-
cally experiencing more severe manifestations.[2,13,14]

The diagnosis of STS is based on clinical findings
and the pattern of short telomeres measured in multiple
subpopulations of peripheral blood leukocytes using
fluorescent in situ hybridization combined with flow
cytometry.[4,15–17] The average TL per cell sub-
population is compared to a cell type-specific reference
range derived from a population of over 400 healthy
individuals aged 0–102 years.[7,18] Importantly, telomere
measurements in leukocytes are directly proportional to
the TL measured in other tissues of the body.[15]

Patients’ telomeres are considered “normal” if their
average length is above the 10th percentile (normal

telomere length [NTel]), “short” if the average length is
between the first and 10th percentile (short telomere
length [STel]), and “very short” if it is below the first
percentile (very short telomere length [VSTel]).[5,6]

Patients with VSTel are commonly referred for genetic
counseling to investigate the presence of potentially
predisposing mutations, whereas those with STel are
considered to be in the gray zone, requiring additional
clinical information to define follow-up.[10]

Common clinical features of STS include pulmonary
fibrosis, liver disease, bone marrow failure, and increased
risk of cancer. Interstitial lung disease (ILD), particularly
idiopathic pulmonary fibrosis, appears most often after the
age of 50 years and is recognized as one of the common
clinical manifestations of STS in adults.[19,20] Hematologi-
cal manifestations are also frequent.[11] They generally
precede lung disease by several decades and vary in
severity from subtle cytopenias to bone marrow failure to
clonal progression toward myelodysplastic syndrome and
acute myeloid leukemia.[20–23] Patients with STS have a
lifetime cancer risk of 15%, with hematological malignan-
cies making up two-thirds of cases.[2,24]

Liver disease occurs in up to 40% of patients with STS,
often before the age of 40 years. It may manifest as
hepatopulmonary syndrome, cryptogenic cirrhosis, or
nodular regenerative hyperplasia (NRH).[6,25,26] Many cases
lead to the development of portal hypertension (PH).

Porto-sinusoidal vascular disorder (PSVD) is a group of
hepatic vascular diseases characterized by lesions
involving the portal venules and sinusoids in the absence
of cirrhosis, with or without associated PH.[27–30] According
to the current consensus, diagnosis of PSVD requires a
liver biopsy to rule out cirrhosis. Once cirrhosis is
excluded, the diagnosis is based on the presence of a
specific clinical sign of PH (gastric, esophageal, or ectopic
varices; portal hypertensive bleeding; or portosystemic
collaterals on imaging), a specific histologic lesion
(formerly obliterative portal venopathy, now designated
as portal vein stenosis; NRH; or incomplete septal
fibrosis), or a nonspecific sign of PH (ascites; platelet
count < 150,000/mm3; spleen size ≥ 13 cm in the largest
axis) coupled with a nonspecific histologic lesion of PSVD
(herniated portal vein branches, hypervascularized portal
tracts, periportal abnormal vessels, nonzonal sinusoidal
dilation, and mild perisinusoidal fibrosis).[27]

The pathogenesis of PSVD remains unclear. Com-
monly associated comorbidities are identified in roughly
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50% of cases, including DILI, prothrombotic conditions,
autoimmune diseases, common variable immune defi-
ciency, HIV infection, and hereditary diseases, such as
familial obliterative portal venopathy.[28,30] More
recently, PSVD was also found to occur in the extremely
rare Mahvash disease.[31] PSVD may be diagnosed in
the absence of PH in up to 70% of cases, with a 20%
risk of developing gastroesophageal varices within
10 years of diagnosis.[28] Hence, the pathological
documentation of PSVD in the absence of PH may
indicate a preclinical disease state.[28]

If none of the above-mentioned associated condi-
tions can be identified, PSVD is considered idiopathic.
Based on previous reports demonstrating the presence
of NRH in patients with proven STS, we hypothesized
that some of these patients may have developed PSVD
secondary to STS.[25]

Here, we examined the TL in patients with idiopathic
PSVD and explored the telomere-related gene profile of
those with short telomeres. Second, we aimed to
characterize the distinguishing features of patients
who developed otherwise unexplained PSVD in the
presence of short telomeres.

METHODS

Patients

This single-center cross-sectional study was approved
by the local ethics committee (CER-VD protocol number
2022-00587 and amendment #1 for genetic testing).
Participants were included from September 1, 2022 to
April 1, 2023. Those with well-documented PSVD were
recruited from the outpatient liver clinic of the Division of
Gastroenterology and Hepatology of Lausanne Univer-
sity Hospital and identified using a multiparametric
clinical data warehouse search engine. Research is
reported in line with the STROBE guidelines.[32] Key-
words used for the identification of study participants
included “porto-sinusoidal vascular disorder,” “nodular
regenerative hyperplasia,” “incomplete septal fibrosis,”
“obliterative portal venopathy,” “noncirrhotic portal
hypertension,” and “portal hypertension in the absence
of cirrhosis.” The identified patients were checked for
inclusion and exclusion criteria.

Inclusion criteria were (1) age between 18 and
80 years and (2) idiopathic PSVD with histopathological
documentation, regardless of the presence of PH. The
idiopathic nature was retained in the absence of linked
DILI, prothrombotic conditions, autoimmune diseases,
common variable immune deficiency, and HIV infection.
Exclusion criteria were as follows: (1) pregnancy; (2)
refusal to consent to participate in the study; and (3) the
following chronic liver diseases: chronic viral hepatitis,
autoimmune hepatitis, primary biliary cholangitis, pri-
mary sclerosing cholangitis, alcohol-associated liver

disease, NAFLD, and hereditary liver diseases (hemo-
chromatosis, alpha-1 antitrypsin deficiency, Wilson
disease, and other rare inborn errors of metabolism).
Patients who received drugs known to be associated
with PSVD development were excluded.[33] Patients
with active prothrombotic conditions or past thrombo-
embolic events were excluded.

Demographic, clinical, laboratory, radiological, and
histological data were collected from digital medical
records and anonymized before analysis. Demographic
data included age, gender, and ethnicity. Clinical data
included tobacco use, alcohol abuse, drug history,
personal/family history of liver disease, lung disease,
hematopoietic disease, immunodeficiency, early onset
osteoporosis, cancer, organ transplant, and early hair
greying. Laboratory data included, at the time of liver
biopsy, liver function tests (aspartate transaminase,
alanine transaminase, alkaline phosphatase, γ-glutamyl
transferase, and total and direct bilirubin), international
normalized ratio, serum albumin, factor V, C-reactive
protein, leukocyte counts with differential, platelet count,
hemoglobin, mean corpuscular volume, ferritin, and
transferrin saturation.

Radiological data included any techniques assessing
liver shape and size as well as signs of PH, including
Doppler ultrasound, MRI, and 3-phase CT. Liver
stiffness was measured using transient elastometry
(FibroScan; Echosens, Paris, France).

Hepatic outcomes, including the presence of PH and
its complications (variceal bleeding, ascites, etc.),
jaundice, and need for liver transplantation, were
documented from time of histological PSVD confirma-
tion until last clinical follow-up at time of TL assessment.

Liver histology

The histological specimens included archived samples
obtained from transparietal, transjugular, or surgical liver
biopsies. Stains available for all cases included hema-
toxylin and eosin, Masson’s trichrome to exclude
cirrhosis, reticulin stain to investigate NRH, and immu-
nohistochemical staining for cytokeratin 7. Histological
slides were independently reevaluated for specific and
nonspecific histologic lesions of PSVD by 2 pathologists,
1 junior (Chiara Saglietti) and 1 senior (Christine
Sempoux), who were blinded to the clinical history.

Diagnosis of porto-sinusoidal vascular
disorder

According to the recent consensus on the PSVD
definition, the diagnosis was confirmed if the patient
presented with specific signs of PH in the absence of
cirrhosis.[28] Additionally, PSVD was retained if the
biopsy revealed a histological lesion specific for PSVD
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or if it revealed a nonspecific histological lesion in a
patient with a nonspecific sign of PH.[28]

Fluorescent in situ hybridization combined
with flow cytometry

TL was measured using multicolor fluorescent in situ
hybridization combined with flow cytometry technology
on peripheral blood leukocytes as described
previously.[34,35] In brief, red blood cells were lysed
using ammonium chloride, and the DNA of the
leukocytes was denatured and hybridized with a
fluorescently labelled telomere-specific peptic nucleic
acid probe, as well as with leukocyte subset-specific
antibodies. After several washing steps, cell type-
specific telomere fluorescence in 6 different subsets of
leukocytes (granulocytes, lymphocytes, naive T cells
[CD45RA+/CD20−], memory T cells [CD45RA−/CD20
−], B cells [CD20+], and natural killer cells [CD57+]) was
analyzed using a flow cytometer. Telomere length was
assessed as an absolute value (kilo base pairs, kb) and
calculated as delta telomere length (dTL=difference of
the absolute value to the age-related reference value of
the 50th percentile in kb) to compare values indepen-
dent of age.[17,34]

Patients were considered to fall into the NTel
category if at least 3/6 leukocyte subsets had NTel
and the average dTL was below 1.5 kb. Patients were
assigned to the VSTel category if at least out of 3/6
leukocyte subsets had VSTel. The remaining patients
were considered to have STel.

Genetic testing

With appropriate informed consent from the partici-
pants, exome sequencing was conducted on NextSeq
500 sequencing from Illumina using the comprehensi-
ble library from Twist Biosciences® on genomic DNA
extracted from leukocytes of patients with STel or
VSTel. The raw NGS reads were aligned to the
human reference genome GRCh37/hg19 using
Novoalign (Novocraft Technologies; v4.02.02), and
bioinformatics analysis was carried out using an in-
house pipeline (v.8.3). Variant calling followed
genome analysis toolkit Best Practices recommenda-
tions (https://gatk.broadinstitute.org/). copy number
variation analysis was based on the ExomeDepth
tool.[36] The analysis targeted a virtual panel of genes
related to STS, including ACD, CTC1, DKC1, NAF1,
NHP2, NOP10, PARN, POT1, RPA1, RTEL1, STN1,
TERT, TINF2, WRAP53, ZCCHC8. Sequencing of
TERC was performed using Sanger sequencing. The
results were transmitted to patients within the frame-
work of a dedicated genetic consultation in the case
of significant genetic variant detection. The patients

whose genetic analyses did not reveal any abnormal-
ities continued their planned follow-up with an attend-
ing hepatologist.

Statistical analyses

Descriptive statistics included the median and range for
continuous variables, as well as frequencies and
percentages for binary and categorical variables.
Categorical data were compared using chi-squared or
Fisher exact test and continuous variables by t-test and
ANOVA, or nonparametric testing (Mann-Whitney U test
or Kruskal-Wallis test), as appropriate. Statistical
analyses were performed using STATA/SE version 18.

RESULTS

Cohort description

A total of 22 patients met the inclusion criteria
(Figure 1). Their primary characteristics are presented
in Table 1 and Supplemental Table S1, http://links.lww.
com/HC9/A978. The median patient age was 54 years
(range, 27–71 y). Eight patients (36%) were female. The
median age at the first documentation of PSVD was
36 years (range, 16–63 y). Patients were diagnosed
with PSVD at a median of 8 years before inclusion into
the study (range, 1–36 y). Eighteen patients were of
Caucasian, 2 of Asian and 2 of African ethnicity. Three
patients (14%) had a history of cancer (renal cell
carcinoma, bladder carcinoma, and prostate adenocar-
cinoma); none of them had received systemic chemo-
therapy. Six patients (27%) presented with coexisting
ILD. Thirteen patients (59%) were known for hemato-
logical disease, including 9 cases of uni-lineage or
multi-lineage cytopenias of variable severity, 1 case
of myelodysplastic syndrome, 2 cases of idiopathic
thrombocytosis, and 1 monoclonal gammopathy. Four
patients had chronic kidney disease (18%). Before
the study, STS was suspected in 6 patients who
presented with a typical clinical picture and, notably,
an associated ILD.

At the time of liver biopsy, liver function tests were
elevated in ~half of the patients, with a median alanine
transaminase of 40 U/l (range, 12–495 U/l, aspartate
transaminase of 38 U/l (range, 13–201 U/l), alkaline
phosphatase of 125 U/l (range, 40–239 U/l, γ-glutamyl
transferase of 112 U/l (range, 12–867 U/l, and total
bilirubin level of 10 µmol/l (range, 3–43 µmol/l). The
median R-value, a ratio of alanine transaminase to
alkaline phosphatase, which aids in differentiating
cytolytic from cholestatic hepatic injury, was 1.11 (range
0.36–6.91).[37] Fifteen patients (68%) had an R-value
below 2 (cholestatic pattern), 5 (22%) had an R-value
between 2 and 5 (mixed pattern), and 2 (9%) had a ratio
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above 5 (hepatocellular pattern). Median international
normalized ratio was 1.0 (range, 1.0–3.4) and albumin
45 g/l (range, 27–48 g/l). Thrombocytopenia was
present in 9 patients (41%), with a median platelet
count of 182 G/l (range, 25–526 G/l). On imaging, 10/22
(45%) patients were considered to have a dysmorphic
liver, as assessed by expert liver radiologists.

In total, 14 patients (64%) presented with PH,
including 11 (50%) patients with gastroesophageal
varices, 8 (36%) with splenomegaly, 7 (32%) with
ascites, 7 (32%) with portal hypertensive gastropathy,
and 3 with other complications (portal hypertensive
colopathy or portosystemic shunts on imaging). HVPG
was measured in 11 patients, the median being
10 mm Hg (range, 2–16 mm Hg). PH was more
common in males than females (12/14 males vs.
2/8 females, p = 0.008), as were higher total bilirubin
(p = 0.099) and lower platelet counts (p = 0.018).
Additionally, clinically significant PH was present in all
patients with ILD (p = 0.040), and ILD was associated
with lower serum albumin levels (p = 0.001) and
platelet counts (p = 0.010).

One patient was biopsied in 1986 for clinically
significant PH with ascites and esophageal varices;
the corresponding histological samples were no longer
available for review, but the histology reports docu-
mented the absence of cirrhosis.

Histological samples from 21 patients were available
for review. The absence of cirrhosis was confirmed in all
cases, and specific histologic lesions of PSVD were
identified (NRH = 5; portal vein stenosis = 16). None
of the patients presented with incomplete septal fibrosis.
Figure 2 exemplifies histological lesions observed in the
patient cohort.

Three patients (14%) underwent liver transplantation
for complications of PH, one of which received a combined
liver and lung transplantation.[38] Another patient with prior
lung transplantation died of PH complications. A fifth
patient with ILD and PSVD died of acute respiratory
distress syndrome before being placed on the transplant
list for combined liver and lung transplantation.

Telomere lengths

Six patients (27%) fell into the NTel, 9 (41%) into STel,
and 7 (32%) into the VSTel category. TL was
significantly shorter (p = 0.039), and the average dTL
was significantly larger (2.45 vs. 1.25, p = 0.005) in
male patients than in female patients.

Table 1 summarizes the results stratified by TL
classification. Figure 3 shows the TL of all patients.
Table 2 shows the TL in all 6 subsets of leukocytes
for each patient, classified as VSTel, STel, or NTel,
together with their dTL. Granulocytes showed the
highest dTL. The dTL is summarized as a heat map in
Supplemental Table S2, http://links.lww.com/HC9/
A978.

Patients with PHmore often had short or very short TL
(7/7 VSTel, 5/9 STel, 2/6 NTel, p = 0.039) and a
significantly greater average dTL (2.39 vs. 1.37 kb in
those without PH, p = 0.021) in all subsets of leukocytes.

The presence of PH complications was associated with
an increased average dTL, including ascites (p = 0.023),
decreased platelet counts (p = 0.007), and slowed portal
venous flow, defined as < 15 cm/s, on Doppler ultrasound
(p = 0.027). Patients with a shorter TL were more likely to
have abnormal liver function. A higher average dTL was
associated with a higher bilirubin value (p = 0.053) and a
lower serum albumin level (p < 0.001).

Several comorbidities classically described in STS
were significantly more prevalent in patients with STel
and VSTel. The coexistence of ILD was strongly
associated with VSTel (p < 0.001), and the average
dTL in patients with lung disease was more than twice
that of patients without (3.40 vs. 1.49 kb, p < 0.001). All
4 patients with chronic kidney disease had VSTel in
most subsets of leukocytes, and their dTL was
significantly larger than that of those without (3.48 vs.

101 patients identified 
using a data warehouse

30 patients retained

25 were retained for analysis

22 PSVD

27 signed informed constent

18 deceased patients at 
time of recruitment

53 patients not meeting 
the inclusion criteria

1 refused to participate

2 were unable to be contacted

2 had insufficient material 
for telomere length analysis

3 did not meet histological 
criteria for PSVD

F IGURE 1 Flowchart portraying the patient selection process. Of
the 101 patients identified, 18 were deceased at the time of recruitment,
2 were unable to be contacted, 1 refused participation, and 53 did not
meet inclusion criteria (18 patients presented evident causes of PSVD
listed in the exclusion criteria; 18 had other underlying chronic liver
diseases listed in the exclusion criteria; 17 patients had no available liver
biopsy or were below 18 y of age). Of the 27 retained patients, 2 had
insufficient biological material for analysis, and 3 did not meet the
diagnostic histological criteria for the idiopathic PSVD as defined in ref.
28. Abbreviation: PSVD, porto-sinusoidal vascular disorder.
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1.69 kb, p < 0.001). Erythrocyte macrocytosis was
associated with shorter telomeres in all leukocyte
subsets (p = 0.007). In imaging studies, dysmorphic
livers and slowed portal vein flow were more commonly
described in patients with shorter TL (p = 0.004 and
p = 0.027, respectively).

Genetic analysis

Genetic testing was performed in the 16 patients
presenting with STel or VSTel. Of the 16 patients, 5

(31%) showed variants in telomere-related genes. One
patient with STel presented with a variant classified as a
variant of uncertain significance (VUS) in DKC1. This
patient showed NRH histologically and clinically signif-
icant PH. Of the 7 patients with VSTel, 4 (71%)
harbored variants within a known STS-related gene.
One patient presented with a VUS in the RTEL1 gene, 2
presented with a likely pathogenic variant in the RTEL1
gene (of which 1 presented an additional VUS in the
same gene), and 1 patient presented with a likely
pathogenic TERT variant. The genetic results are
summarized in Table 3.[39]

TABLE 1 Overview of results by telomere length (TL) group

Total n = 22 NTel n = 6 STel n = 9 VSTel n = 7

Women (n, %) 8 (36) 4 (67) 4 (44) 0 (0%)

Age at time of analysis (y, median, range) 54 (27–71) 42 (27–59) 47 (35–64) 57 (28–71)

Age at documentation of liver disease (y, median, range) 36 (16–63) 38 (16–56) 34 (25–58) 51 (21–63)

PSVD classification

Nodular regenerative hyperplasia (n, %) 5 (23) 1 (17) 2 (22) 2 (29)

Portal vein stenosis (n, %) 16 (73) 5 (83) 7 (78) 4 (57)

Noncirrhotic portal hypertension (n, %) 1 (5) 0 (0) 0 (0) 1 (14)

Signs of portal hypertension (n, %) 14 (64) 2 (33) 5 (56) 7 (100)

Ascites (n, %) 7 (32) 0 (0) 3 (33) 4 (57)

Esophageal varices (n, %) 11 (50) 1 (17) 5 (56) 5 (71)

Splenomegaly (n, %) 8 (36) 1 (17) 5 (56) 2 (29)

Platelet count (G/l, median, range) 182 (25–526) 219 (165–526) 284 (25–500) 106 (40–189)

Available HVPG measurement (n) 11/22 2/6 3/9 6/7

Gradient (mm Hg, median, range) 11 (2–16) 4 (2–6) 12 (3–15) 12 (2–16)

Other conditions

Interstitial lung disease (n, %) 6 (27) 0 (0) 0 (0) 6 (86)

Hematological manifestations (n, %)a 13 (59) 4 (67) 4 (44) 5 (71)

Chronic kidney disease (n, %)b 4 (18) 0 (0) 0 (0) 4 (57)

Laboratory analyses

Liver function tests

ALT (U/l, median, range) 40 (12–495) 44 (12–495) 55 (16–289) 38 (22–56)

ALP (U/l, median, range) 125 (40–239) 109 (40–239) 125 (63–185) 117 (72–160)

R-value (median, range)c 1.1 (0.3–6.9) 1.0 (0.4–6.9) 1.6 (0.3–6.5) 1.1 (0.4–2.3)

Liver function

Total bilirubin (µmol/l, median, range) 10 (3–43) 9 (5–16) 10 (3–35) 15 (5–43)

Albumin (g/l, median, range) 45 (27–48) 47 (46–48) 45 (39–47) 33 (27–41)

INR (median, range) 1.0 (1.0–3.4) 1.0 (1.0–1.2) 1.0 (1.0–3.4)d 1.1 (1.0–1.4)

Imaging analyses

Dysmorphic liver (n, %) 10/21 (48) 0/6 (0) 4/8 (50) 6/7 (86)

Portal venous flow < 15 cm/s (n, %) 9/20 (45) 1/6 (17) 3/8 (38) 5/6 (83)

Note: Results of the cohort stratified by TL classification (cf. Methods section).
aHematological manifestations included unexplained cytopenia, myelodysplastic syndrome, monoclonal gammopathy, iron-deficiency anemia, and unexplained
thrombocytosis.
bChronic kidney disease patients had an estimated glomerular filtration rate inferior to 60 mL/min/1.73 m2.
c([ALT/ULN] / [ALP/ULN]); ULN for ALT, 40 U/l; ULN for ALP, 120 U/l.
dTwo patients taking vitamin K inhibitors, both presented normal factor V levels.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; INR, international normalized ratio; NRH, nodular regenerative hyperplasia; NTel, normal
telomere length; PVS, portal vein stenosis; PSVD, porto-sinusoidal vascular disorder; STel, short telomere length; ULN, upper limit of the norm; VSTel, very short
telomere length.
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DISCUSSION

Abnormally shortened telomeres are a hallmark of STS,
which is characterized by a wide spectrum of clinical

manifestations. Previous reports have documented a
liver disease prevalence of up to 40%.[1,6,8] In a recent
retrospective study, Sidali et al assessed the preva-
lence of liver disease in patients with telomere-related

(A)

(C) (D) (E)

(B)

F IGURE 2 Histological features of PSVD observed in our patient cohort. (A) and (B) Nodular regenerative hyperplasia, with parenchymal
nodularity highlighted by reticulin stain in panel B (× 10). (C) Portal vein stenosis, characterized by a portal space with no clearly visible portal
venous branch (× 40). (D) Herniated portal vein in direct contact with periportal parenchyma (× 40). (E) Hypervascularized portal space with
multiple small-caliber venous branches (× 20). Abbreviation: PSVD, porto-sinusoidal vascular disorder.
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F IGURE 3 Telomere length in leukocyte subsets from the 22 patients with porto-sinusoidal vascular disorder considered idiopathic. The 6
leukocyte subsets tested are lymphocytes, granulocytes, naive T cells (CD45RA pos), memory T cells (CD45RA neg), B cells (CD20 pos), and
NK/NKT cells (CD57 pos). The colored lines represent percentiles of telomere length measurements in kilobases (kb) from over 400 healthy
individuals [ref.[7,17,18,35]]: red, 99th percentile; yellow, 90th percentile, dark green, 50th percentile (median); light green, 10th percentile; tur-
quoise, 1st percentile. Symbols represent individual patients: blue diamonds, normal telomere length; red squares, short telomere length; and
green triangles, very short telomere length. Abbreviations: NK, natural killer; NKT, natural killer T.
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TABLE 2 Telomere length (in kb) in each patient for 6 subsets of peripheral blood leukocytes

Patient Lymphocytes
deltaTL
(kb) Granulocytes

deltaTL
(kb)

Naive T
cells

deltaTL
(kb)

Memory T
cells

deltaTL
(kb) B cells

deltaTL
(kb)

NK/
NKT
cells

deltaTL
(kb)

Average
deltaTL
(kb)

Normal telomere length group (above 10th percentile of reference range)

1 NTel 1.14 NTel 1.49 STel 1.46 NTel 0.70 NTel 0.98 NTel 0.96 1.12

6 NTel 1.13 STel 1.82 STel 1.57 NTel 0.43 STel 1.28 NTel 0.94 1.19

7 NTel 0.40 NTel 1.18 NTel 0.82 NTel -0.12 STel 1.23 NTel -0.21 0.55

9 NTel -0.28 NTel 0.81 NTel 0.13 NTel -0.67 NTel 0.64 NTel -0.69 -0.01

13 STel 1.23 STel 1.86 STel 1.37 NTel 0.92 STel 1.42 NTel 0.76 1.26

15 NTel 0.86 STel 1.54 NTel 1.03 NTel 0.37 STel 1.39 NTel 0.31 0.92

Short telomere length group (between 1st and 10th percentile of reference range)

2 STel 1.61 STel 2.23 STel 2.07 NTel 1.07 STel 1.82 NTel 1.28 1.68

3 STel 1.30 STel 2.20 STel 1.59 NTel 0.95 STel 1.71 NTel 1.25 1.50

4 STel 1.50 STel 1.99 STel 1.87 STel 1.46 STel 1.91 STel 1.72 1.74

8 STel 1.46 STel 2.53 STel 1.96 NTel 1.14 VSTel 2.37 STel 1.73 1.86

10 STel 1.80 STel 2.44 STel 2.27 STel 1.40 VSTel 2.49 NTel 1.59 2.00

11 STel 1.74 VSTel 2.69 STel 2.25 STel 1.25 VSTel 2.54 NTel 1.15 1.94

12 STel 1.99 VSTel 2.87 STel 2.32 STel 1.68 VSTel 3.01 NTel 1.59 2.24

14 STel 1.56 STel 2.24 STel 2.31 NTel 0.97 STel 2.15 NTel 1.39 1.77

16 STel 1.44 STel 2.14 STel 1.83 STel 1.27 VSTel 2.30 NTel 1.46 1.74

Very short telomere length group (below 1st percentile of reference range)

5 STel 2.11 VSTel 2.90 VSTel 2.62 STel 1.90 VSTel 2.79 STel 1.99 2.39

17 VSTel 3.38 VSTel 4.22 VSTel 3.73 VSTel 3.03 STel 1.91 VSTel 3.28 3.26

18 VSTel 3.91 VSTel 4.09 VSTel 4.35 VSTel 3.37 Not
available

VSTel 3.61 3.87

19 VSTel 2.94 VSTel 4.21 VSTel 3.33 VSTel 2.81 VSTel 3.31 STel 2.91 3.25

20 VSTel 3.13 VSTel 3.65 VSTel 3.66 VSTel 2.54 VSTel 5.27 STel 3.05 3.55

21 VSTel 2.73 VSTel 4.15 VSTel 3.28 VSTel 2.35 VSTel 3.27 STel 3.06 3.14

22 VSTel 3.37 Not available VSTel 3.91 VSTel 3.02 VSTel 3.62 STel 2.87 3.36

Note: TL and delta TL for each cell type in each patient, as well as the average dTL.
Abbreviations: NK, natural killer, NKT, natural killer T-cell; NTel, normal telomere length; STel, short telomere length; TL, telomere length; VSTel, very short telomere length.
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TABLE 3 Genetic analyses of patients with STel and VSTel

Patient ID Telomere length TRG mutation Mutated gene Zygosity Variant ACMG classificationa

5 VSTel Absent — — — —

17 VSTel Present TERT Heterozygous NM_198253.2, c.2213C>T, (p.Thr738Met) Likely pathogenic

18 VSTel Present RTEL1 Heterozygous
Heterozygous

1) NM_032957.4, c.1553 + 5G>A, (p?)
2) NM_032957.4, c.3037C>T, (p.Arg1013Trp)

1) Likely pathogenic
2) VUS

19 VSTel Present RTEL1 Heterozygous NM_032957.4, c.2320C>T, p.(Arg774Cys) Likely pathogenic

20 VSTel Present RTEL1 Heterozygous NM_032957.4, c.1720C>T, (p.Arg574Cys) VUS

21 VSTel Absent — — — —

22 VSTel Absent — — —

2 STel Absent — — — —

3 STel Absent — — — —

4 STel Present DKC1 Heterozygous NM_001363.5, c.1462G>A, (p.Glu488Lys) VUS

8 STel Absent — — — —

10 STel Absent — — — —

11 STel Absent — — — —

12 STel Absent — — — —

14 STel Absent — — — —

16 STel Absent — — — —

aSee reference[39].
Abbreviations: STel, short telomere length; TRG, telomere-related gene; VSTel, very short telomere length; VUS, variant of unknown significance.
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gene mutations. In their experience, up to 72% of these
patients showed evidence of liver disease. When liver
biopsy was available, PSVD was observed in 48% of
the cases.[26] Moreover, in a population study in the
United Kingdom involving 472,732 participants with a
PCR-based lymphocyte TL analysis, PH was the fifth
most overrepresented condition in individuals with short
lymphocyte telomeres.[20]

Identifying STS in a patient with idiopathic PSVD is
crucial not only for enhancing our understanding of disease
pathogenesis but also for its significant clinical implications.
First, it paves the way for novel targeted therapeutic
approaches, exemplified by danazol, a recently empha-
sized agent that functions by stimulating telomerase activity
and promoting telomere elongation.[6] Hence, managing
these patients should extend beyond solely addressing
portal hypertension complications and proactive screening
for frequently associated comorbidities like pulmonary,
hematological, and dermatological conditions.

NRH and portal vein stenosis are the 2 specific
histological lesions for PSVD diagnosis in the absence
of cirrhosis. NRH has been described in patients with
proven STS.[25] In daily clinical practice, many PSVD
cases are considered idiopathic after investigations
ruled out drug toxicity, a hypercoagulable state,
autoimmunity, common variable immune deficiency,
and HIV infection. To date, it is unknown to which
extent short telomeres may underlie these so-called
idiopathic forms of PSVD.

We assessed the average TL in 6 subsets of peripheral
blood leukocytes in 22 well-characterized patients with
idiopathic PSVD. To limit the role of confounding factors
on TL measurement, we excluded any patient presenting
chronic liver diseases that could directly impact TL. We
documented a high rate of shortened TL in these
individuals, 41% with STel and 32% with VSTel, as
compared to reference ranges from a large population
consisting of over 400 healthy individuals.[7,18] Importantly,
only a minor proportion of the patients (6/22) included in
the present study were clinically suspected to have STS
before inclusion in this study.[40]

Some elements of interest emerge when examining
the characteristics of patients with confirmed STel or
VSTel. First, when combining the STel and VSTel
groups, the median age of onset of liver disease in
patients was 35 years, which is in line with previous
descriptions of STS.[25] Second, males were signifi-
cantly more likely to present shorter TL and increased
dTL than females. This finding is consistent with large
population studies on TL.[20] In addition, all patients
carrying variants were male. One potential explanation
is that males are more prone to carry or accumulate risk
factors for TL shortening, either mutations in inherited
STS-related or yet unknown genes or acquired risk
factors such as tobacco use and dyslipidemia. The high
guanine content of telomeric DNA makes it highly
susceptible to oxidative damage.[1,41,42] In addition, sex

hormones, especially estrogen, seem to play an
important role in maintaining telomere length. Indeed,
numerous studies have shown that estrogen exposure
is associated with greater TL, and estrogen deficiency
leads to increased telomere attrition.[43–45]

In our experience, the presence of concomitant ILD is
strongly associated with reduced TL. ILD is one of the
most common manifestations of STS, and telomere-
associated gene mutations are present in up to one-
third of familial interstitial pulmonary fibrosis cases.[6,19]

Hence, there is a significant prevalence of short
telomeres in patients with both ILD and PSVD.
Therefore, this clinical association should prompt early
TL assessment. Furthermore, it is noteworthy that all
patients with concomitant ILD had a more severe liver
phenotype, notably clinically significant PH.

All 4 patients with chronic kidney disease also had
VSTel and genetic variants. Various studies suggest
that kidney disease may be another prominent feature
of STS, possibly following an endothelial pathogenesis
similar to that of PSVD.[1,46,47] Nevertheless, renal
involvement requires more precise characterization. In
our study, the presence of clinically significant PH was a
potential confounding factor, as it may contribute to
kidney dysfunction.

Another clinical feature of interest is the presence of
erythrocyte macrocytosis. Indeed, STS patients fre-
quently develop bone marrow dysfunction and failure,
often initially presenting as isolated macrocytosis.[48] In
our study, a higher mean corpuscular volume was
strongly linked with short telomeres. This additional
marker may be useful for assessing patients with
idiopathic PSVD.

In terms of liver function test profiles, we predominantly
observed a cholestatic or mixed pattern, corroborated by
an R-value < 2 in 68% and < 5 in an additional 22% of
patients, as expected in PSVD.[28] Furthermore, when
stratified for TL, patients with shorter telomeres more often
presented predominant cholestasis.

Patients with VSTel and STel had significantly higher
rates of clinically significant PH and its associated
complications. Laboratory signs of liver dysfunction and
dysmorphia on imaging were also significantly more
prevalent among patients with VSTel and STel. Alto-
gether, these observations suggest a relationship be-
tween shorter telomeres and a more severe PSVD
phenotype. Hence, analysis of TL could potentially aid in
elucidating the pathogenesis of PSVD, recognizing an
underlying STS, and categorizing the risk level of
patients with PSVD. Furthermore, we cautiously suggest
that shortened telomeres might have prognostic signifi-
cance in the context of PSVD, potentially foreseeing
advancement to PH and its associated complications.

Despite the high rate of STel and VSTel in our patients
with PSVD, identifiable variants in telomere-related genes
were mostly observed in patients with very short
telomeres. In total, 4 VSTel patients harbored one or
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more variants in a known STS-related gene. Two of them
had a likely pathogenic variant in the RTEL1 gene, which
was considered causative of their clinical phenotype,
whereas variants classified as VUS with an uncertain
association with their hepatic diseasewere identified in the
RTEL1 and TERC genes in the remaining two patients. In
the STel group, 1 patient had a VUS in DKC1.

The RTEL1 (regulator of telomere elongation 1) gene
encodes a DNA helicase that plays a crucial role in
telomere maintenance and DNA repair.[49] The enrich-
ment of variants in this gene in the present cohort aligns
with a previously documented association between
RTEL1 impairment and liver disease.[50]

It is noteworthy to emphasize that this is in line with
previous reports showing that a significant proportion of
patients with established STS remain without evidence of
genetic mutations.[11] Importantly, the present genetic
study was restricted to the analysis of the coding regions
of genes with a known association with STS. Nonetheless,
it is highly plausible that some patients in our cohort may
harbor variants in as-of-yet-unknown genes implicated in
telomere maintenance. A subsequent step for further
investigating the genetic background of STS and PSVD
would be to broaden the search to a larger panel of genes
and include intronic regions. This could involve employing
a systematic whole-genome sequencing approach, as
recently reported by Shan et al.[51] The possibility of
polygenic inheritance should also be considered.

In contrast, PSVD itself may cause short telomeres in
peripheral leukocytes as a result of an inflammatory
state, which is known to play a role in PSVD
pathogenesis.[28,30] Thus, the presence of shorter TL
may be the result of an increased leukocyte turnover.

Our study has some limitations. Firstly, due to the
rarity of idiopathic PSVD, the patient cohort is relatively
small. Second, this study may underestimate the
prevalence of STS in PSVD due to the strict inclusion
criteria for patients with idiopathic PSVD. Indeed, cases
linked to identifiable causes, such as drugs, procoagulant
conditions, or autoimmune diseases, may also have an
undetected link with shortened TL. The inclusion of such
patients, or even patients with cirrhosis, as a control
group may have strengthened the relevance of our
results. Indeed, few studies to date have focused on TL in
patients with different chronic liver diseases. The lack of
patients with other liver diseases as controls has been
partially mitigated by measuring TL using a highly
accurate and reproducible technique that inherently
compares patients with age-related data from a large
reference population of healthy individuals.

In conclusion, we report a remarkably high rate of
shortened telomeres in patients with idiopathic PSVD,
with around one-third harboring telomere-related gene
variants. We hypothesize that telomere shortening plays
an important role in the pathogenesis and prognosis of
PSVD. Hence, clinicians should consider measuring TL
in patients presenting with idiopathic PSVD. In instances

of STel or VSTel, this could prompt further investigations
into other prevalent manifestations of STS, thereby
potentially improving patient management and out-
comes. Further studies with larger prospective cohorts,
including patients whose PSVD diagnosis is linked to an
established clinical risk factor, as well as patients with
other liver diseases, are needed.
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