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Development of Parafollicular Cells
and their Relationship with Developing

Thyroid Follicles in Human Foetuses

SUSHANT SWAROOP DAS', SABITA MISHRA?, J M KAUL?®

ABSTRACT

Introduction: The parafollicular cells or clear (C) cells in man are
part of neuroendocrine system under Amine Precursor Uptake
and Decarboxylation (APUD) cells. Their role in adults has been
reputable but in foetus is still unclear.

Aim: The present study was a baseline study endeavouring to
describe the chronological development of the parafollicular
cells with particular focus on its correlation with developing
human thyroid follicles.

Materials and Methods: The study was conducted on 10
aborted foetuses (14-28 weeks), procured from the Department
of Obstetrics and Gynaecology, Lok Nayak Hospital, New Delhi,
India. Serial sections of foetal thyroid gland were generated,
stained with haematoxylin and eosin, and immunohistochemistry
using the anticalcitonin antibody and examined qualitatively.

INTRODUCTION

The Parafollicular (PF) cell is present in the thyroid gland and is a part
of neuroendocrine system. Based on histochemical properties, they
have been classified as APUD cells [1]. They have been called by
variety of names for example- C cell, neurohormonal cell, giant-light
cell, argyrophil cell, light cell and mitochondria-rich cell by various
researchers. They secrete a hormone ‘calcitonin’ which is involved
in maintaining calcium homeostasis [2].

Histologically, the thyroid gland is formed by follicular and PF cells.
Even though they share same location, these cells differ considerably
in terms of origin, morphology and physiological role. The former are
the predominant cells which are endodermally derived and arranged
in the form of follicles. They are engaged in the production and
release of tetra-iodothyronine (thyroxine or T4) and tri-iodothyronine
(T3). On the other hand, PF cells are neural crest cells derivative and
colonize mainly the middle third of each lateral lobe of the thyroid
gland. They are typically found scattered within thyroid follicles,
lying inside the basement membrane but not reaching the follicular
lumen, which is called as an intrafollicular position. Occasionally,
they occur in clusters in the interfollicular connective tissue stroma,
which is called as a parafollicular/interfollicular position [3,4].

Due to its location, the growth and development of PF cells may be
closely related to the maturation of thyroid follicles. This is a base
line study attempting to describe the sequential development of PF
cells with a particular focus on its correlation with developing human
thyroid follicles.

MATERIALS AND METHODS

A descriptive study was conducted between September 2013 and
April 2014 on 10 foetuses of gestational age 14-28 weeks procured
from Department of Obstetrics and Gynaecology, Lok Nayak Hospital,
New Delhi. After obtaining approval from the Institutional Ethical
Committee of Maulana Azad Medical College and associated Lok
Nayak Hospital, the sample size was determined by the availability
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Results: In our study, the parafollicular cells were seen as
earlier as by 14" week. They became morphologically and
functionally mature by 16™ week of gestation. The parafollicular
cells were getting organized from scattering to parafollicular
location then to a more localized area, i.e., intrafollicular along
with the follicular development. As the follicles were enlarging,
the intrafollicularly located parafollicular cells which was initially
present in groups was getting displaced singly between the
follicular cells in the same follicle.

Conclusion: The sequential development pattern of the
parafollicular cells in relation to developing thyroid follicles was
established. This immunohistochemical study also concluded
that the parafollicular cells might have higher character to play
in the early gestational age such as regulation of ossification in
the human foetus.

Keywords: Calcitonin,C-cells, Immunostaining, Solid cell nests

of foetuses. Informed consent of parents was taken and patient
secrecy was conserved. Foetuses below the gestational age of 20
weeks were obtained from abortions conducted in accordance with
the Medical Termination of Pregnancy Act 1954, while those above
20 weeks of gestation was obtained from stillbirths. A detailed
maternal history was recorded. An initial assessment of the foetus
was done to exclude out any gross abnormality. The gestational
ages of the foetuses was determined by measuring Crown-Rump
Length (CRL), Biparietal Diameter (BPD), Foot Length (FL) and
weight of foetus. Incision was given longitudinally on the anterior
aspect of neck in the median plane for better penetration of the
fixative into the neck. The foetus was then fixed by immersion in
10% buffered neutral formalin solution. After a week of fixation, the
thyroid gland was dissected. The right lobe was arbitrarily preferred
and preserved in fresh fixative for another one week. The specimens
were labelled and processed for paraffin embedding. About 6
p-thick serial sections were generated on a rotary microtome with
the lateral surface of the right lobe of thyroid gland as the cutting
surface.

Serial sections were stained with Haematoxylin and Eosin (H&E)
stain. The entire series was examined for PF cells and morphology
of thyroid gland. In each foetal thyroid, every tenth section was
processed for Immunohistochemistry (IHC). Deparaffinised sections
were incubated in citrate buffer and the endogenous peroxidase
action was blocked using methanol and 1% H,O,. After washing
with working solution of phosphate buffer with 0.1 Triton-X, slides
were treated with normal horse serum for two hour for blocking the
non-specific antigen. The sections were then incubated with anti-
calcitonin antibody at 40°C overnight. Slides were then treated with
biotinylated secondary antibody, and the reaction was seen using
diaminobenzidine as chromagen. All stained sections was assessed
qualitatively under the BX-61 computerised microscope and the
images were captured with Olympus DP71 camera. The PF cells,
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stained for anti-calcitonin antibody were observed.

RESULTS

Foetuses collected between 14 to 28 weeks of gestation had CRL
ranging between 12.5-26 cm, BPD between 3-6 cm, FL between
1.6-5.1 cm and body weight between 128-524 gms [Table/Fig-1].

The histological findings at different gestational ages are:

At 14 weeks: Thin connective tissue capsule surrounding the
developing thyroid gland along with blood vessels was present. The
parenchyma of the gland at this stage consisted of diffuse network
of thyroid cells with very little intervening connective tissue. Smaller
blood vessels were seen in the parenchyma. Follicular cells were
seen arranged mainly in the primitive form of cords and clusters.
At some places, the follicular cells have just started arranging
themselves into follicles, on a very thin connective tissue layer of
basement membrane. The follicular cells were circular in shape with
a darkly stained small round nucleus. The cytoplasm was scanty.
Very few pale staining cells with round nucleus with size almost
equal to the follicular cells probably PF cells were present, mainly
scattered among the follicular cells. They had very little cytoplasm.
When present in relation to developing thyroid follicles, they were
interfollicular in location in small groups. Immunostaining showed
diffuse background staining. Scanty appearance of cells showing
expression of calcitonin was seen.

At 15 weeks: The connective tissue capsule surrounding the
developing thyroid gland was present which was thicker than
the younger foetus containing more fibres, fibroblasts and blood
vessels. The capsule was sending septa into the parenchyma.
The parenchyma had begun organizing into ill-defined lobules with
intervening connective tissue septa. Small blood vessels were
seen in the septa. Follicular cells were seen arranged in the form
of follicles of various sizes on a thin layer of basement membrane.
Larger follicles were located more at the periphery mainly towards
the poles especially upper region of the lateral lobe. In some follicles
lighter stain colloid was present indicating that the follicular cells
have started functioning. In the central region, follicular cells were
still present in their primitive form of cords and clusters. More blood
vessels had come in relation to the developing thyroid follicles.
The follicular epithelium was cuboidal. They had a larger rounded,
lighter staining, central nucleus as compared to primitive follicular
cells in the younger foetus. The PF cells were not differentiable from
follicular cells on H&E. Few solid cell nests were seen in the middle
region of lateral lobe. It consisted of central cells with round, pale
staining nucleus and peripheral cells with elongated nucleus [Table/
Fig-2a]. Immunostaining revealed dark brown coloured calcitonin
positive cells which were probably PF cells, in between the bases
of the cuboidal follicular cells lining the follicles either singly or in
groups. Some immunopositive cells were also seen singly or in
groups in interfollicular location. Few cells which were not expressing
calcitonin with nuclear morphology similar to PF cells were also

FL incm
S. | Agein | CRL BPD 260 Number
No | weeks incm incm i el Collected
Right Left (gm)
1 14 12.5 3 1.6 1.3 128 1
2 15 138.2 3.3 2 2.1 172 1
3 16 15.9 4 2.4 2.2 214 1
4 18 16.8 4.2 2.6 2.6 238 1
5 20 17.5 4.4 2.8 25 263 1
6 23 19 4.8 3 3.1 351 1
7 27 24.3 - 52— 45— 4.3 - 498-505 2
24.7 5.3 4.7 4.5
8 28 25.1-26 | 58-6 | 551 | 48-5 513-524 2

[Table/Fig-1]: Estimated ages and various parameters of foetal specimens.
(CRL- Crown Rump Length, BPD- Biparietal Diameter, FL- Foot Length)
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[Table/Fig-2]: a) H&E staining in 15 weeks foetus, larger follicles (arrows) are
located at the periphery in comparison to the center. Thin capsule along with blood
vessels (arrow head) is seen surrounding the thyroid tissue. A solid cell nest (yellow
arrow) is seen (Scale bar 1 cm=100 pm [10X]). (Inset- magnified view of solid cell
nest (black arrow) [40X]); b) Immunostaining with anticalcitonin in 15 weeks foetus,
parafollicular cells (red arrows) in intrafollicular location present mostly in groups.
Some parafollicular cells (yellow arrow) are seen in interfollicular location too. A solid
cell nest (black arrow) is seen, composed of immunonegative cells (Scale bar 1
cm=15 pm [40X]).

[Table/Fig-3]: a) epta (black arrows
dividing the thyroid tissue into many small lobules. (Scale bar 1 cm=100 pym [10X]);
b) Immunostaining with anticalcitonin in 23 weeks foetus, showing dark brown
immunopositive parafollicular cells which are intrafollicular (black arrows) in location.
Immunopositivity is also seen in blood vessels (Scale bar 1 cm=15 pm [40X]).
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[Table/Fig-4]: a) H&E staining in 28 weeks foetus, showing follicles lined by columnar
cells (black arrow), dark stained colloid and vesicles in the colloid. Parafollicular cells
are seen as cells with lightly stained nucleus, both, singly in intrafollicular location
(green arrow) and in groups of two to three in interfollicular location (red arrow)
(Scale bar 1 cm=15 ym [40X]); b) Immunostaining with anticalcitonin in 28 weeks
foetus, showing immunopositive parafollicular cells. Red arrow indicates intrafollicular
location and green arrow indicates interfollicular location of parafollicular cells near
a blood vessel. Immunopositivity is mainly seen in intrafollicular location (scale bar 1
cm=15 pm [40X]).

seen in interfollicular position. The immunostaining of solid cell nest
showed presence cells which were not expressing calcitonin [Table/
Fig-2b].

At 16 weeks: The general lobular architecture was more organized.
The size of lobules has increased. More connective tissue was
present between the developing follicles. Large number of follicles of
various sizes was seen. In some follicles, slightly darker stain colloid
was present than the previous ages. Few primitive follicular cells were
scattered within the lobules. The features of follicular epithelium were
same as in the previous age. Though in the previous gestational age
of 15" week it was difficult to distinguish the PF cells from follicular
cells, at the gestational age of 16" week, the PF cells were seen as
lighter stained polygonal cells with central, round to oval nucleus
with a prominent nucleolus. They were bigger than the PF cells of
younger age foetus and the surrounding follicular cells. They were
present in the interfollicular location between the developing thyroid
follicles in interfollicular connective tissue. They were also present
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in the intrafollicular location wedged between the follicular cells
inside the basement membrane but away from the lumen. At both
locations, they were found in groups. The intrafollicular cells were also
found singly. Few solid cell nests were also present. Immunostaining
showed dark brown coloured calcitonin positive cells probably PF
cells were present in intrafollicular location mostly in groups. Some
immunopositive cells were also seen in interfollicular location too in
small groups.

During 18-20 weeks: Well defined connective tissue capsule was
seen. The general architecture was same as in previous age. But
the interfollicular connective tissue had decreased. Larger blood
vessels were present in the septa. Follicular numbers had increased
as compared to younger foetus. Larger follicles were present at
the periphery. Colloid was present in some follicles. The primitive
follicular arrangement was absent at this age. The features of
follicular epithelium was same as in the previous age. But in some
follicles stratified epithelium of 5-6 cell layers was noticed. The PF
cells were seen in intrafollicular position mostly singly between the
darkly stained follicular cells on the basement membrane. They were
seen away from the lumen. They were also present in interfollicular
location in small groups of 2-3. It was seen as pale staining round
to oval nucleus which was larger than the follicular cells. Prominent
nucleolus was present. Immunostaining showed black to dark
brown immunopositive cells probably PF cells mainly intrafollicular
in location. PF cells were also present in groups in interfollicular
location. The colloid was showing light immunopositivity (light
brown). Blood vessels also showed light immunopositivity.

At 23 weeks: The features of parenchyma was same as in the
previous age. However, due to growth and proliferation, the size
of the lobes appeared larger. The follicles have increased in size.
Large size follicles were seen in the centre. Colloid was present in
some follicles. The features of follicular epithelium was same as in
the previous age. They were present mostly in intrafollicular location
and also in groups in interfollicular position. PF cells were seen as
pale staining polygonal cells with round to oval nucleus which were
larger than the follicular cells [Table/Fig-3a]. Onimmunostaining, dark
brown immunopositive cells probably PF cells, mainly intrafollicular
in location were seen. Many immunopositive cells in interfollicular
location were also present in small groups. The blood vessels also
showed immunopositivity [Table/Fig-3b].

At 28 weeks: The architecture of the lobes and lobules was highly
developed in the parenchyma. The intralobular connective tissue was
minimal. Follicles of aimost equal sizes are now seen all throughout
the parenchyma. Colloid was present in some follicles. Vacuoles
are present in the colloid. Follicular epithelium was cuboidal to
columnar. They had darker stained rounded nucleus [Table/Fig-4a].
No primitive follicular arrangement was seen. The PF cells were seen
as lighter staining polygonal cells with round to oval nucleus which
was larger than the follicular cells. Prominent nucleolus was present.
It was present in intrafollicular position mostly singly between the
darkly stained follicular cells on the basement membrane. It was
seen away from the lumen. They were also present in interfollicular
location in small groups. Immunostaining showed many dark
brown coloured calcitonin positive cells probably PF cells mostly
in intrafollicular location in groups. Few immunopositive cells were
also seen in interfollicular location too in small groups. These
interfollicular cells were mostly located near the blood vessels. Rest
of the cells in the follicular epithelium which had stain bluish due to
counterstaining with hematoxylin were probably follicular cells. The
colloid was not expressing calcitonin [Table/Fig-4b].

DISCUSSION

The study of PF cells development is essential for understanding
its effect on developing thyroid follicles and its role in the foetal
development process. The mammalian PF cells are derived from the
neural crest cells which get incorporated into the ultimobranchial
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body. These ultimobranchial bodies get incorporated into the thyroid
primordium to give rise to the PF cells [5,6] and its remnants, the
solid cell nests and the mixed follicles. About 9.7%- 30% of adult
thyroid gland has these remnants of solid cell nests [7,8]. Sonic
Hedgehog (Shh) has been proposed as a controller of migration of
PF cell precursors into the thyroid primordium [9]. Lately, lineage
tracing in Sox17 labelled mice has concluded that the mouse PF
cells are derived from pharyngeal endoderm of developing foregut
9.

The youngest foetus in our study belonged to the 14" week of
gestation. Thus, the ultimobranchial body had already incorporated
into the developing thyroid. At this stage, the PF cells were very
few and scattered among the follicular cells. Only in few developing
thyroid follicles, they were interfollicular in location in small groups.
This is in contrast to study by Chan AS et al., [10] in which they
reported both intrafollicular and interfollicular locations of PF cells.
The genes involved in the distribution of PF cells throughout the
thyroid parenchyma are Nkx2.1, Eyal, FRS2a and Hox3 paralogs
[9]. The immunostaining showed diffuse background staining with
scanty calcitonin positive stain cells. It is in accordance to the
literature stating that the immunoreactive calcitonin containing cells
were constantly observed from 14 weeks of gestation before the
appearance of follicular structures [11]. It is also important to note
that although the PF cells had been shown to be present within
the thyroid gland as early as 9 weeks of gestation, they remain
poorly differentiated until 14" week [10,11]. As we did not have
younger foetuses, we could not find out if these PF cells were
present earlier than 14 weeks. In the present study, the PF cells
were not easily identified by their morphological characteristics, but
there was a number of undifferentiated cells showing expression
of calcitonin antibody. Thereby, we can infer that though the PF
cells are not morphologically identifiable, they are functional. This
is in concurrence with the literature which refers that the plasma
calcitonin level at 14 weeks is appreciable [12]. Also, the diffuse
staining might indicate the increased production of calcitonin
hormone at this stage which had dispersed into the surrounding
connective tissue. This high level of calcitonin in the thyroid gland
indicates that it has an important role in maintaining calcium levels
at this stage of gestational period. In the literature, it is mentioned
that it might have a role in ossification or maintaining magnesium
homeostasis in human foetus [13]. The maturation of follicles has
been divided into three periods- precolloid (7-13 weeks), colloid
formation stage (13-14 weeks), follicular stage (14 weeks onwards).
More recently, a fourth stage of secretory activity (20-24" week) has
also been suggested [14]. At this stage in our study, the developing
thyroid gland was in the precolloid phase.

In the 15 weeks old foetus, the PF cells were present both in
interfollicular location in groups of variable numbers and also in
intrafollicular location either singly or in small groups. So, at this
stage, the PF cells had started organizing itself from interfollicular to
intrafollicular location. This change in orientation of PF cells is due to
the presence of desmosomes between PF and the follicular cells [15].
In immunostaining, the surrounding interfollicular connective tissue
was taking up the stain but to a lesser degree than the previous age
group indicating more localization of PF cells. Gaikwad J! et al [14]
stated that the differentiation of epithelial cells into follicles starts
at the periphery around 12 weeks and extends centrally. In the
present study, larger follicles were located more at the periphery as
compared to the central region where still some follicular cells was
present in their primitive form of cords and clusters. In some follicles,
lighter stain colloid were present indicating that the follicular cells
have started functioning at this stage of gestation. A small number
of solid cell nests were present which was not expressing calcitonin
suggesting that they might be undifferentiated cells. The literature
states that they are the remnants of the ultimobranchial bodies
consisting of main cells which are polygonal to elongated cells with
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a central nucleus and C-cells which had a compact nucleus [8].

At 16" week of gestation, Leroyer AE et al., [11] reported scattered
PF cells in the developing thyroid. To this contrary in our study, they
were present almost equally in the interfollicular location as well as in
intrafollicular location in groups. The intrafollicular located cells were
also found singly. The PF cells appeared morphologically matured
as adult PF cells. The genes involved in the differentiation PF cells
are Hes1, Mash1 and Nkx2.1 [9].

In the 18 to 20 weeks’ foetuses, the PF cells were present mostly
in the intrafollicular position. This shows that the PF cells are getting
more and more embedded into the follicles from initial interfollicular
location. The surrounding connective tissue is also getting lighter
immunostain due to organization of PF cells. These findings were
in accordance to the study in foetal thyroid that states; at 165
mm crown rump length (ff. 18 weeks) foetus, the thyroid was fully
differentiated and definitive follicles were present in which the PF
cells were present singly or in small groups in both intrafollicular
and parafollicular location [10]. Absence of primitive follicular
arrangement at this gestation suggests that the developing thyroid
has completed the follicular stage of development.

In the 23 week foetus, the PF cells were present mostly in
intrafollicular location with few cells in interfollicular position. This
supports the literature that by 20" to 27" week most of the PF cells
are intrafollicular [11].

In the 28 week foetus, the PF cells were also seen mostly in
intrafollicular position. This backs the finding in literatures that in
neonates PF cells are mostly intrafollicular in location [11,16]. Few
solid cell nests were also seen indicating that some undifferentiated
cells still exit at this stage. Follicles of almost equal sizes are now
seen all throughout the parenchyma. Signs of increased secretory
activity of the follicular cells indicate the start of the secretory phase
of follicular development.

LIMITATION

A quantitative assessment of sequential increase/ change in number
of follicular and parafollicular cells using stereology techniques was
not done as facility for stereology was not available. This study could
be further elaborated by use of other functional and maturation
specific immunostain for parafollicular cells.

CONCLUSION

In our study, the PF cells were seen as earlier as 14" week. They
became functionally and morphologically mature by 16" week of
gestation. The sequential development of PF cells from a very
primitive form to a more organised form along with the follicular
development was traced. These findings could be further correlated
with electron microscopic study of developing PF cells to find the
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cause of such organization.

The decrease in the intensity of immunostain of the thyroid
parenchyma with gestational age points towards the higher role of
calcitonin in early gestational age. As calcitonin inhibits osteoclastic
activity and increase osteoblasts numbers, it supports the hypothesis
that it might play a contributing factor in the regulation of ossification
in the human foetus.

DECLARATION

This paper was presented in 62" National Conference of Anatomical
Society of India at Imphal in 2014.

REFERENCES

[1] Robertson DR. The ultimobranchial body. Vertebrate Endocrinology:
Fundamentals and Biomedical Implications”, Morphological Considerations.
2012;1:235-59.

[2] Mundy GR, Guise TA. Hormonal control of calcium homeostasis. Clinical
Chemistry. 1999;45:1347-52.

[3] Standring S. Neck. In: Gray’s Anatomy, 40" ed. China: Elsevier Churchill
Livingstone. 2010:462-63.

[4] Ross MH, Pawlina. W. Endocrine Organs. In: Histology a text and atlas with
correlated cell and molecular biology. 6™ ed. Tokyo: Lippincott Williams & Wilkins.
2011:755-60.

[5] Sadler TW. Head and Neck. In: Langman’s Medical Embryology. 11" ed. New
Delhi: Lippincott Williams & Wilkins. 2010:278.

[6] Harach HR. Histogenesis of thyroid C-cell carcinoma. In Thyroid Pathology.
Springer Berlin Heidelberg. 1997:15-20.

[7] Rios Moreno MJ, Galera-Ruiz H, De Miguel M, Lopez M, llanes M, Galera-
Davidson H. Immunohistochemical profile of solid cell nest of thyroid gland
Endocr Pathol. 2011;22:35-39.

[8] MartinV, Martin L, Viennet G, Challier B, Carbillet J, Fellmann D. Solid cell nests
and thyroid pathologies. Retrospective study of 1,390 thyroids. In Annales de
pathologie. 2000;20(3):196-201.

[9] Kameda Y. Cellular and molecular events on the development of mammalian
thyroid C cells. Dev Dyn. 2016;245: 323-41.

[10] Chan AS, Conen PE. Ultrastructural observation on cytodifferentiation of
parafollicular cells in the human fetal thyroid. Lab Invest. 1971;25:249-59.

[11] Leroyer Alizon E, David L, Dubois PM. Evidence for calcitonin in the thyroid gland
of normal and anencephalic human fetuses: immunocytological localization,
radioimmunoassay, and gel filtration of thyroid extracts. J clin Endocrinol Metab.
1980;50:316-21.

[12] Dahlman T, Sjoberg HE, Bucht E. Calcium homeostasis in normal pregnancy and
puerperium: a longitudinal study. Acta Obstet Gynecol Scand. 1994,;73(5):393-
98.

[13] McDonald KR, Fudge NJ, Woodrow JP, Friel JK, Hoff AO, Gagel RF, et al. Ablation
of calcitonin/calcitonin gene-related peptide-alpha impairs fetal magnesium but
not calcium homeostasis. Am J Physiol Endocrinol Metab.2004;287:218-26.

[14] Gaikwad JR, Dope SA, Joshi DS. Histogenesis of developing human thyroid.
Indian Medical Gazette. 2012:57-61.

[15] Harach HR, Vujanic GM, Jasani B. Ultimobranchial body nests in human
fetal thyroid: an autopsy, histological, and immunohistochemical study in
relation to solid cell nests and mucoepidermoid carcinoma of the thyroid. J
Path.1993;169:465-69.

[16] Hamilton WJ, Mossman HW. Alimentary and respiratory systems, pleural and
peritoneal cavities. In: Hamilton, Mossman and Boyd’s human embryology-
prenatal development of form and function. 4" ed. Cambridge: The Macmillan
Press Ltd, The Williams & Wilkins Company;1975:323-26.

PARTICULARS OF CONTRIBUTORS:
1. Senior Resident, Department of Anatomy, MAMC, New Delhi, India.
2. Director Professor, Department of Anatomy, MAMC, New Delhi, India.

3. Director Professor and Head, Department of Anatomy, BSA Medical College, New Delhi, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Sabita Mishra,

Director Professor, Department of Anatomy, MAMC, BSZ Marg, New Delhi-110002, India.

E-mail : sabitamishral2@gmail.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: Dec 21, 2016
Date of Peer Review: Feb 21, 2017
Date of Acceptance: May 25, 2017

Date of Publishing: Jul 01, 2017

Journal of Clinical and Diagnostic Research. 2017 Jul, Vol-11(7): ACO1-AC04



