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Show Short Telomere, Shutdown of 

Telomerase and Deregulated Expression 
of Various Telomere-Associated Proteins 
in  Peripheral Blood Mononuclear Cells- 

A Case Series

CASE-1 
This baby (one-day-old male) presented with bilateral absence of 
fibula, 3 digits and 2 digits in right and left hands respectively as 
shown in [Table/Fig-1a,b] {a Split Hand Foot Sequence (SHFS)}. 
Digital X-Ray showed hypoplasia of limbs with 2 digits and 2 
metacarpals in left upper limb [Table/Fig-2] and 3 digits with 4 
metacarpals in right upper limb [Table/Fig-3]. X-Ray also showed 
absence of fibula (only tibia in both legs) with 3 digits in right lower 
limb [Table/Fig-4a] and 2 digits in left lower limb [Table/Fig-4b]. No 
other CVS or CNS abnormalities were observed. Interestingly, the 
grandmother and mother have similar hypogenesis of the limbs 
as shown in [Table/Fig-5,6] respectively, and also in the maternal 
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Abstract 
Congenital limb anomalies are outcome of improper bone formation during embryonic development when cells divide, differentiate 
with high rate. So, telomerase activity is essential to maintain telomere length for such highly dividing cells. Here, we report four 
cases of congenital limb anomalies with detailed structures of limbs along with other clinical manifestations of age less than two 
years. We compared telomere length, expression of telomerase and telomere-associated genes of Peripheral Blood Mononuclear 
Cells (PBMC) in patient and four age-matched normal individual.

Patient-1 was diagnosed with congenital limb hypogenesis ectrodactyly sequence, an autosomal dominant disorder, showing 
absence of digits and fibula in upper and lower limb respectively. Both mother and grandmother of Patient-1 showed similar 
hypogenesis of limbs. Patient-2 showed bilateral clenched hand with arthrogryposis, microcephaly and holoprosencephaly. Both 
Patient-3 and Patient-4 has no radius in upper limb. Additionally, Paient-3 showed right sided orbital Space Occupying Lesion (SOL) 
and Paranasal Sinuses (PNS) whereas Patient-4 showed fused kidney with fanconi anaemia. Furthermore, all the patients showed 
shorter telomere length, inactive telomerase and de-regulated expression of telomere-associated proteins in PBMC compared with 
age-matched control group. 

So, we can conclude that congenital limb anomalies may be linked with telomeropathy and a study with large number of samples 
is required to firmly establish such association.

cousins. The case was diagnosed to be congenital limb hypogenesis 
ectrodactyly sequence. It is a limb hypogenesis sequence which 
occurs in an autosomal dominant fashion in families.

CASE-2 
This one-day-old baby (male) also had major degree of limb anomaly 
with bilateral Congenital Telipes Equinovarus (CTEV) and clenched 
hands with microcephaly along with genu recurvatum as shown in 
[Table/Fig-7a,b]. There was presence of holoprosencephaly with 
cystic white matter degeneration seen in CT scan as shown in 
[Table/Fig-7c]. This baby was diagnosed to be a case of complex 
congenital anomaly sequence with arthrogryposis, bilateral clenched 
hands, microcephaly and holoprosencephaly.

[Table/Fig-1]: a) Showing fusion of digits with deformity in both lower limbs; b) and 
showing split hands or ectrodactyly. 

[Table/Fig-2]: X-Ray of left upper limb showing hypoplasia of limbs with 2 digits and 
2 metacarpals in left upper limb as labeled by white arrowhead. [Table/Fig-3]: X-Ray 
of right upper limb showing 3 digits in right hand with 4 metacarpals as labeled by 
white arrowhead.

a b
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[Table/Fig-11]: CT abdomen of Patient-4 shows fused kidneys as labeled by white 
arrowhead.

CASE 3
This 18-month-old child (female) had right sided orbital Space 
Occupying Lesion (SOL) with left sided absent radius as shown by 

DISCUSSION
Very little is known about regulation of embryonic development and 
it is a very complex network of signaling pathways where a large 
number of genes are involved. So far a set of genes are identified 
those are associated with proper limb growth or development [1,2]. 
During the limb development, proper bone formation must be 
associated with a working vascular network to supply nutrients to 
the cells through blood. So, it is expected that the genes involved 
in angiogenesis such as VEGFA, HIF1A, NOS3 are involved in bone 
development [3]. Telomerase activity is urgently needed to maintain 
telomere length during embryonic development due to high rate 
of cell division [4]. In fact, there is regulation of tissue-specific 
expression and activity of telomerase in differentiated cells during 
various stages of gestation in human as well as in mouse [5,6]. 
Thus, proper embryonic development is linked with telomerase 
and telomere biology. Telomere length erosion can be reversed by 
telomerase holoenzyme or by telomerase-independent ALT pathway 
where a large number of telomere-associated proteins are involved 
and any deregulation of these proteins result telomere dysfunction, 
impaired ALT pathway and short telomere [7–9].

At first, four patients [Table/Fig-12] with limb anomaly are chosen 
according to the common criteria of having limb anomalies (both 
upper and lower) from a group of patients of age group 0-2 years, 
presenting at paediatric outpatient Department of Calcutta National 
Medical College and Hospital (CNMC & H). Blood samples were 
collected during out patients care unit of CNMC & H, Kolkata, 
India, strictly following the prescribed protocol of Institutional 
Ethical Committee. The patients were examined clinically and 
after suspecting the clinical diagnosis we processed the blood for 
telomere length measurement and expression of telomere proteins. 
We have age-matched four normal individual (clinically normal 
infants of same age with normal phenotype) and termed as control 
group. Then RNA was isolated from whole blood and cDNA was 
prepared for gene expression studies by real time PCR.

PBMC were extracted from the whole blood cells using ficoll 
(Invitrogen) following standard protocol. The extracted PBMC were 
kept at -80°C in PBS for further downstream experiments. 

Relative telomere length was measured by qPCR technique using 
genomic DNA from the isolated PBMC [10]. The relative T/S ratio 
was calculated using albumin as an endogenous control. The 

[Table/Fig-4]: X-Ray of lower limbs showing: a) Absence of fibula (only tibia in both 
legs) with 3 digits in right lower limb as labeled by white arrowhead; b) 2 digits in left 
lower limb as shown by white arrowhead. 

a b

[Table/Fig-5]: The picture shows hypoplastic fourth and fifth toe in right foot in 
grandmother of the Patient-1. [Table/Fig-6]: The picture shows hypoplastic right 
lower limb with fusion of the digits in right foot in mother of the Patient-1.

[Table/Fig-7]: The pictures show: a) Bilateral CTEV; b) Clenched hands; c) 
Holoprosencephaly as labeled by central thick arrow and cystic changes as labeled 
by two lateral white arrows in the CT scan of Patient-2.

a b c

a
[Table/Fig-8]: Normal light image, X-Ray and CT scan of Patient-3: a) Normal 
photography of the hands of the patient; b) Patient with left sided absent radius 
(shown by black arrow head) and absence of first metacarpal (thumb attached with 
skin tag) shown by white arrow heads in X-ray image; c) Right radius is present 
but hypoplastic (black arrowhead) in X-ray image; d) CT scan shows orbit and PNS 
(paranasal sinuses) showing SOL in the right maxillary antrum as labeled by black 
arrow.

b c d

picture of the patient, X-Ray and CT scan orbit and PNS and right 
sided hypoplastic radius as shown in [Table/Fig-8a-d]. Both the 
thumbs were attached to hand with a skin tag as shown in [Table/
Fig-8a]. As this patient was lost to follow up, we could not perform 
chromosomal breakage study in this patient and biopsy could not 
be done from the orbital SOL for histopathological examination. The 
diagnosis of fanconi was made based on the clinical background. 
No haematological manifestations were observed.

CASE-4
This was an eight-month-old female child, presented with hyper-
telorism, short stature and gradually evolving hyperpigmentation of 
whole skin as shown in [Table/Fig-9]. She had right sided absent 
radius and 4 digits in each hand with bilateral absent thumb as shown 
in [Table/Fig-10]. Additionally, she had fused kidneys in abdominal 
as detected by CT scan as shown in [Table/Fig-11]. Significant 
chromosomal breakage was observed in mitomycin-c treated PBMC 
of this patient compared with untreated PBMC (data not shown), 
implicating that the patient was Fanconi positive. Furthermore, the 
patient had trisomy 3 (data not shown).

[Table/Fig-9]: The Patient-4 shows bilateral absent thumb with right sided radial ray 
defect. [Table/Fig-10]: X-Ray picture of hands of Patient-4 showing bilateral small 
hypoplastic radius as labeled by white arrowhead and absent thumb (4 digits in hand 
) with proved Fanconi.
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relative telomere length in PBMC of all the patients in comparison to 
age-matched normal individual group is shown in [Table/Fig-13]. All 
the patients showed a significant (p≤0.001) shorter telomere length 
than control group and it ranged from 40% to 70% reduction of 
telomere length. This data implicates that all four congenital limb 
anomalies patients in our study show compromised telomere length 
maintenance pathway.

To search for the reason behind the shorter telomere length of the 
patients, we monitored expression of two key subunit of telomerase 
- hTERT and hTERC in whole blood cells from patients and age-
matched control group using real time PCR. The data is shown in 
[Table/Fig-14]. The expression of hTERT in all the patients was below 
4% compared with age-matched control group and in some patients 
it was practically zero. Similarly, the expression of hTERC was below 

1% of control group. This data implicates that hTERT and hTERC 
are significantly reduced in patients and hence telomerase activity 
is expected to be significantly low or zero. Thus, shorter telomere in 
patients may be due to zero or very low telomerase activity. 

We have checked expression of six shelterin complex and two non-
shelterin proteins BTBD12 and PARP-1. The expression all eight 
telomere-associated proteins are deregulated differentially in different 
patients as shown in [Table/Fig-15]. Patient-1 showed significant 
reduction of RAP1, TPP1, POT1 and TERF1 whereas significant 
increase of TERF2 and BTBD12 compared with control group. 
Patient-2 showed almost all the proteins are significantly reduced 
to almost zero. Patient-3 and 4 showed severely reduced TERF1, 
TPP1 and RAP1 while the other proteins are almost same or slightly 
higher. Such type of deregulation of telomere-associated proteins 
results telomere dysfunction which may result short telomere and 
chromosomal aberration. 

The patient-1 showed congenital limb hypogenesis ectrodactyly 
sequence or SHFM1. It is a limb developmental disorder 
characterized by missing digits, fusion of remaining digits, and a deep 
median cleft in the hands and feet (also known as erectodactyly), 
and is a genetically heterogeneous human disorder with autosomal 
dominant inheritance pattern [11]. The SHFM1 critical region has 
been mapped on the basis of chromosomal rearrangements to 
~1.5-Mb interval on 7q21.3 [12]. Till now no disease gene has 
been identified. However, three candidate genes such as DSS1, the 
homeobox genes DLX5 and DLX6 are located in this region. 

The Patient-2 showed the congenital anomaly with holoprosen-
cephaly and limb anomaly (arthrogryposis and clenched hand) 
which is linked to SHH gene on chromosome 7q. Most cases of 
holoprosencephaly type 3 (HPE3) is caused by deletions and point 
mutations in the Sonic hedgehog (SHH) gene on chromosome 
7q36 itself, but can also be caused by translocations up to 265 
kb upstream of the gene [13]. Phenotypic expressivity is variable, 
ranging from a single cerebral ventricle and cyclopia to clinically 
unaffected carriers in some familial HPE cases. Overall the limb 
anomalies in human development are strongly controlled by HOX 
gene cluster in addition to the individual genes discussed above. 
Interestingly, there is a position effect of these genes on the 
anatomical development of the limb bud. An elegant series of deletion 
and duplication experiments in mouse [14] has demonstrated that 
an early limb bud activating element (ELCR) lies telomeric to the 
HoxD cluster, an idea first hypothesized by Zákány J et al., [15]. The 
hypothesis says: if a gene is positioned closer to the telomeric end 
of the cluster, either naturally or by artificial means, it is activated 

[Table/Fig-13]:  Relative telomere length (%) of all the patients are shown here. 
Telomere length of each patient was measured by real PCR and compared with 
mean telomere length of control group. Here ‘***’ denotes p≤0.001. [Table/Fig-14]: 
Expression of hTERT and hTERT gene of whole blood of each patient as measured 
by real time PCR. The expression of each gene of each patient is compared with 
mean expression of that gene in age-matched control group (hollow bar). Expression 
of both the genes in each patient is significantly (p≤0.001) reduced.

[Table/Fig-15]:  Expression pattern of shelterin and non-shelterin (PARP-1, BTBD12) 
telomere-associated proteins of whole blood of each patient as measured by real 
time PCR. The expression of each gene of each patient is compared with mean 
expression of that gene in age-matched control group (hollow bar).

[Table/Fig-12]: The significant features of the four cases.

Patient 
serial no:

Clinical features Radiological features Diagnosis
Telomere length and 
telomerase activity

Expression of telomere 
associated proteins

CASE 1 Split hand and leg digits 
(Autosomal dominant 
inheritance in family)

X-Ray shows 2 digits left upper limb [Table/
Fig-2] and 3 digits in right upper limb 
[Table/Fig-3]. Absence of fibula with 3 
digits in right lower limb and 2 digits in left 
lower limb lower limb as shown in [Table/
Fig-4a,b]

Congenital limb hypogenesis 
ectrodactyly sequence

Shortened telomere 
and dysfunctional 
telomerase with 
complete shutdown 
of hTERT and hTERC 
gene.

Significant reduction of 
RAP1, TPP1, POT1, 
TERF1 and abnormal 
high expression of TERF2 
and BTBD12

CASE 2 Bilateral CTEV, with 
clenched hands and 
microcephaly

CT brain shows holoprosencephaly [Table/
Fig-7c]

Holoprosencephaly with 
clenched hands linked to SHH 
gene on chr 7q

Shortened telomere 
and dysfunctional 
telomerase with 
complete shutdown 
of hTERT and hTERC 
gene. 

Almost all proteins under 
study are significantly 
reduced.

CASE 3 Bilateral radial ray defect 
with right orbital SOL 

X-Ray shows right sided hypopalstic radius 
and left sided absent radius with absent 
first metacarpals [Table/Fig-8c,d]. CT orbit 
and PNS shows right sided SOL.

Probable Fanconi as stress test 
not performed and diagnosis 
was on clinical background

Shortened telomere 
and dysfunctional 
telomerase with almost 
complete shutdown 
of hTERT and hTERC 
gene. 

TERF1 and RAP1 
severely reduced while 
POT1, BTBD12 and 
PARP-1 unusually 
enhanced.

CASE 4 Hypertelorism, fused 
kidney with bilateral 
radial ray defect and 
absent thumb bilaterally.

X-Ray showed right sided absent radius 
with bilateral absent thumb (4 digits in 
each hand) along with fused kidney in CT 
abdomen [Table/Fig-10,11].

Confirmed Fanconi (stress test 
positive showing increased 
chromosomal breakage)

Shortened telomere 
and dysfunctional 
telomerase with almost 
complete shutdown 
of hTERT and hTERC 
gene. 

TERF1, TPP1 and RAP1 
severely reduced while 
TERF2 and POT1 usually 
increased.
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earlier during development and it is expressed within the limb bud 
more anteriorly. Due to financial constraints we could not study the 
genetic confirmatory tests for Patient 1 and Patient 2.

Fanconi pancytopenia syndrome has an autosomal recessive 
inheritance pattern and this disease can be diagnosed by 
chromosomal breakage analysis induced by MMC (stress test) in 
peripheral blood leucocytes [11]. Patient-4 in our study also had 
Fanconi anaemia. Clinical abnormalities include short stature, 
microcephaly in 25%-37% cases, mental retardation in 25% 
cases, eye anomalies, radial ray defect in 49% cases including 
hypoplasia or aplasia of thumb, hypoplastic or absent radii, renal 
and urinary tract anomalies in 34% cases including malformed 
kidneys and double ureters [11]. Haematologic manifestations 
develop usually in the first decade with progressive bone marrow 
failure and development of malignancy, especially AML and to 
lesser extent solid tumours. Patient-3 in our study has developed 
solid tumour of the right orbit and we diagnosed the patient 
clinically to be a probable case of fanconi having radial ray defects 
bilaterally. Interestingly, there exists a marked variability of the 
clinical phenotype [16]. About 25% of affected individuals are 
structurally normal but are diagnosed as fanconi cases due to 
presence of pancytopenia and positive DNA breakage analysis. 
Since the median age of the haematologic abnormalities is around 
first decade, this characteristic dysmorphic features (even in the 
absence of haematologic malignancies) as diagnosed at early 
stage could give better opportunity to the patient to survive by 
Haemopoietic Stem Cell Transplant (HSCT) from a HLA matched 
sibling malignancies [17].

We did not study the critical region of chromosome 7 or Hox gene 
cluster which are reported to be associated with limb anomalies as 
discussed above. However, we have monitored telomere length and 
expression of few genes involved in maintaining telomere length. 
Here, we see that all the patients show shorter telomere length 
compared with age-matched control group. The reason behind such 
shorter telomere is inactive telomerase and dysfunctional telomere 
due to the deregulated telomere-associated proteins. A number of 
diseases or disorders are consequences of the defects in telomere 
maintenance machinery such as dyskeratosis congenital [18], 
Idiopathic Pulmonary Fibrosis (IPF) [19], anaemia with or without 
bone marrow failure [20,21], liver cirrhosis [22]. 

The impaired telomere maintenance machinery is also termed as 
telomeropathies and it is found in many more disorders [23]. But, there 
are no reports of association of this telomeropathies in congenital 
limb anomalies. However, association of telomerase/telomere length 
maintenance with proper embryonic development is an established 
fact in human as well as in mouse [5,6,24]. Both the hTERT and 
hTERC are required for osteoblastic bone formation and osteoblast 
differentiation implicating that telomerase activity and telomere length 
maintenance is urgently needed in proper bone formation in embryo 
[25,26]. Furthermore, telomerase activation by over-expression 
of hTERT activates IGF-AKT signaling which gets impaired upon 
deficiency of telomerase leading to reduced bone formation [25]. 
Thus, absence or malformation of bones in both upper and lower 
limbs as seen in our patients may be due to inactive telomerase.

Role of PARP-1 is not clear. However, it can alter expression of several 
genes via modulating transcription factors such as NF-κB, B-MYB, 
Oct-1 during various stages of embryogenesis [27]. PARP-1 is reported 
to have role in implantation of embryo through preparation of uterus 
[28–31]. In our study, PARP-1 was significantly reduced in patient-2 
only and increased in the rest of the patients. Such de-regulated 
PARP-1 may have role in improper limb development. BTBD12 is a 
well-known structure-specific endonuclease and important TRF2-
interacting partner, has role in recombination repair and telomere 
stabilization [32,33]. BTBD12 is reported to have role in mammalian 
gametogenesis as it can control the repair process [34]. This protein is 
significantly reduced in Patient-2 and increased in other patients. So, 
we cannot rule out its function in proper limb development.

CONCLUSION
To the best of our knowledge this is the first report of patients with 
congenital limb anomalies also suffering from telomeropathy. Here, 
we caution that we have studied only four patients and a detailed 
investigation is required in a large number of patients in future to confirm 
the association of telomeropathy with congenital limb anomalies, if any.
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