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Background: Disorders of the thyroid gland, including toxic and non-toxic goitre, are more Access this article online
common in adult female patients. Hypoxia-inducible factors, including HIF-1 and HIF-2,
represent transcriptional activators that function as regulators of oxygen homeostasis. Rapid
progress is being made in clarifying the homeostatic functions of HIFs in several physiological
systems. However, there are much to be learned in connection with the thyroid gland and | DO!: 10.3126/ajms.v9i5.20597
its pathologies. Aims and Objectives: To assess the biochemical and clinical significance of E:g:: ;ZZ;:g%g
hypoxia-inducible factors in patients with multinodular goitre. Materials and Methods: The ’

study is observational and cross-sectional analytic conducted among a population of individuals

with diffuse and nodular thyroid goitre including clinically toxic and non-toxic patients. It will

attempt to answer the research question concerning the significance of HIFs, via applying

techniques of immunohistochemistry to histological samples of resected thyroid tissue, and

in pertinence with the demographic and clinical parameters of patients.Results: The total

number of patients was forty-three,and most was in their fifth decades of life. The percentile

contribution of males and females was 11.63% and 88.37% respectively. Individuals with

toxic goitres accounted for 13.95%, and those had significantly higher levels of both HIF-1

and HIF-2 than non-toxic patients (p=0.019, p=0.072). Clinically-toxic patients also had

notably more elevated levels of HIF-1 as they grew older when compared to non-toxic patients.

Conclusion: There is an evident inadequacy of published literature on hypoxia-inducible factors

in patients with goitre. There are no studies whatsoever in correspondence to the research

questions explored in this study. Future attempts should explore experimental designs while

using human as well as animal models and from an interdisciplinary perspective.
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INTRODUCTION in 13.7% of patients operated for MNG.? As known,

tumour growth and development need the presence of a
Thyroid goitre is one of the most common endocrine  local vascular network that delivers oxygen and nutrients
disorders in Iraqi population, particularly among adult  to tumour cells. Most tumour cells have developed an
women.' A multinodular goitre (MNG) is a non-tumorous  adaptation to growing in hypoxic conditions. Such hypoxic
condition although a thyroid cancer can be identified  zones have been proposed to favour tumour progression.’
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The hypoxia-inducible factors (HIFs) are well-known
heterodimeric transcription factors that are made of an
oxygen sensitive alpha subunit (HIF-o) and a constitutive
beta subunit (HIF-B), and these are known to be strictly
associated with the hypoxic microenvironment.** Under
hypoxic conditions, HIF-o subunits get translocated to
the nucleus where they heterodimerize with ARNT (aryl
hydrocarbon receptor nuclear translocator) and bind
to HREs (hypoxia response elements) located within
genomic regulatory components of HIF target genes.
After stabilisation, the HIF-a/ARNT complex activates
gene expression and transcription by recruiting the
transcriptional activators p300 and CBP, and ultimately
these changes will increase oxygen delivery and enhance
metabolic adaptation to hypoxia.’

To date, there are three types of HIF- a subunits, namely
HIF-1 a, HIF-2 o, and HIF-3 &, and at present, the HIF-1 «
and HIF-2 o gained more attention.” Studies concerning
the role of HIFs in thyroid tissue are lacking. There ate
even fewer studies which looked at the co-expression
both isoforms within the same histological specimen.
Moreover, there is no one study to date which explores
the bio-expression of both isoforms in multinodular
goitres. Therefore, in this study, we investigated whether
there is any difference in the expression of HIF-1a and
HIF-2a between clinically toxic and non-toxic patients with
multinodular goitres.

MATERIALS AND METHODS

The study is a cross-sectional analytic with statistical inference.
All histological samples and laboratory manipulations,
including immunohistochemical processing and staining,
were carried out with the full consent of the patients and
was approved by the local ethical committee of the College
of Medicine at Al-Mustansiriya University in Iraq. The total
sample size is forty-three (n=43) that is made of cases of
nodular goitre including those with and without manifestations
of a clinically-toxic thyroid. Patients were surveyed at Al-
Yarmouk Teaching Hospital in Baghdad during the period
from June 2017 to January 2018. Demographic parameters
including age and sex were tabulated as well as the status of
clinical toxicity for each patient.

All thyroid biopsies were instantly fixed in 10% neutral
buffered formalin for 18-20 hours at room temperature
(20-25°C), and as recommended by the manufacturer kit’s
leaflet. Following fixation, tissue samples were processed
according to Luna (1968) as it is the best method for treating
small biopsies of endoctine organs.*” Then, samples were
labelled and embedded in paraffin as blocks. Paratfin blocks
were sectioned into 4-6 um thick slices using a disposable
blade for each block. From each tissue block, two histological
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sections were collected, one for HIF-1 and the other for HIF-
2 immunohistochemical staining. The histological sections
wete baked at 68°C for two houts and soaked in xylene.

Antigen retrieval was performed by boiling the slides
with citrate buffer (PH=06) at 95°C, then blocked by
UltraCruz® Blocking Reagent (sc-516214). Later, all slides
were submerged in Peroxidase quenching solution for
15 minutes and washed twice with phosphate-buffered
saline (PBS) for 7 min. The samples were incubated with
an antibody against HIF-1o (1:100; mouse monoclonal,
clone; sc-13515; Santa Cruz Biotechnology; USA) and
HIF-2a (1:100; mouse monoclonal, clone; sc-13596; Santa
Cruz Biotechnology; USA) in an automatic immunostainer
and kept at 4°C overnight. Latet, slides were incubated
for 90 minutes with m-IgGk BP-HRP (1:50; sc-516102;
Santa Cruz Biotechnology; USA), and then treated
with Diaminobenzidine (DAB) (sc-24982; Santa Cruz
Biotechnology; USA) for 2 min. Finally, the sections were
counterstained with Mayet’s haematoxylin, dehydrated and
mounted in DPX mounting medium.

Histological slides were examined via a multiheaded
microscope by two consultant pathologists who were blinded
to the clinical data, patients” demographics, and the outcome
of the study. The pathologists performed a semi-quantitative
assessment of immunohistochemical (IHC) scoring. The
final IHC score on a continuous numeric scale of 0-3, was
calculated based on the multiplication of the intensity of IHC
staining and percentage of positive IHC signals within each
slide. The intensity score was designated as O (no staining), 1
(weak staining), 2 (moderate staining), and 3 (strong staining).

Statistical analyses were conducted via SPSS version 24
and Microsoft Excel 2016. The inferences were based
on the implementation of Levene’s test for equality of
variances, Student’s t-test, Chi-Square test and Fisher
Exact test, as well as Linear regression models. The
level-of-evidence for this study ranks well within the
pyramid of the hierarchy of evidence-based studies. It is
estimated to be of level-3 on the categorisation scheme
of level-of-evidence imposed by the Oxford Center for
Evidence-Based Medicine as of May 2016.'""2

RESULTS

The total number of participants in this study is forty-three
(n=43). The percentile contribution of males and females
was 11.63% and 88.37% respectively. Patients with toxic
goitres accounted for 13.95% of the total sample. One
statistical outlier was detected and hence excluded from
subsequent inferential analytic. Cases were approaching
normality of distribution with a skewness of 0.191. Based
on age, cases were distributed into class intervals including
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those of age 19-27 years (n=4), 27-35 (0), 35-43 (10),
43 51 (15), 51-59 (5), 59-67 (2), and 67-75 (1). The average
values were 43.26 +/- 11.36 (age), 1.41 +/- 0.80 IHC
Score — HIF1), 1.34 +/- 0.62 (IHC Scote — HIF2). THC
scores of HIF-1 averaged 1.39 +/- 0.79 for females and
1.57 +/- 0.92 for males, while IHC scores of HIF-2
averaged 1.32 +/- 0.62 for females and 1.50 +/- 0.66
for males. Cases with non-toxic manifestation had an
average of 1.31 +/- 0.78 (IHC Score — HIF1) and 1.26
+/- 0.60 (IHC Score — HIF2), while cases with toxic
manifestations averaged 2.06 +/- 0.56 IHC Score — HIF1)
and 1.82 +/- 0.57 (IHC Score — HIF2).

Student’s t-test was successful in extrapolating an inference
based on the stratification by sex and toxicity of clinical
manifestations. It has been concluded that there is no
significant difference based on sex, i.e. males versus
females, and in connection with age (42.20 versus 43.39,
p-valne=0.718), as well as the IHC scoring of HIF-1 (1.57
versus 1.39, p=0.688) and HIF-2 (1.50 versus 1.32,
p=0.589). Hypothesis testing also confirmed the absence
of a significant difference based on the presence-absence
of clinical toxicity and in connection with age (46.00
versus 42.58, p=0.570). However, a significant difference
existed in between clinically-toxic and non-toxic cases for
IHC scoring of HIF-1 (2.06 versus 1.30, p=0.019) and
HIF-2 (1.82 versus 1.28, p=0.072).

Based on linear regression models, it has been established
that age is positively correlated with IHC scoring of HIF-
1 (df=1, R? score=0.158, p-value=0.008). Howevet, it was
not related with THC scoring of HIF-2 (d/=1, R?<0.001,
p=0.984). Nevertheless, there was a strong correlation
in between IHC scoring of HIF-1 and HIF-2 (df=1,
R?=0.413, p<0.001). Chi-Square test and Fishet’s Exact test
were implemented to test the significance of odds ratio,
as a measure of association, for assessing the exposure-
outcome relationship and in connection with quartile
distribution of age versus IHC scoring of HIF-1 (odds
ratio=3.21, p-valne=0.067), age versus IHC scoring of HIF-2
(odds=0.83, p=0.768), sex versus IHC scoring of HIF-1
(odds=1.58, p=0.457), sex versus IHC scoring of HIF-2
(odds=0.12, p=0.040), as well as the presence or absence
of toxicity versus IHC scoring of HIF-1 (odds=0.16,
p=0.078) and HIF-2 (odds=0.25, p=0.120).

To recapitulate, most of the patients were females on their
5" decade of life and clinically non-toxic. Males and females
had comparable age and levels of HIF-1 and HIF-2. Based
on the measures of central tendency, clinically-toxic and
non-toxic patients were somewhat identical in age. However,
clinically-toxic patients had significantly higher levels of
hypoxia-inducible factors. Besides, clinically-toxic patients
had notably more elevated levels of HIF-1 compared to
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patients with no toxic clinical manifestations. This sort of
association holds to be true as patients get more advanced
in age. Further, the levels of HIF-1 and 2 appear to be rising
somewhat simultaneously in parallel to each other.

DISCUSSION

Critical appraisal of literature

Three databases of literature were explored including
PubMed-NCBI, the Cochrane Library, and Elsevier
(Tablel). Keywords based on Medical Subject Headings
(MeSH) were used in solitary and in various combinations
using Boolean operators (AND, OR, NOT) to retrieve the
most relevant hits (manuscripts) concerning the topic of
our research. The summative number of hits was 323295
distributed as 322302 (PubMed-NCBI), 71 (the Cochrane
Library), and 922 (Elsevier). Two combinations of
Keywords generated the most valid hits including “Thyroid
Gland AND (“Hypoxia-Inducible Factor” OR HIF)” and
“Goiter AND (“Hypoxia-Inducible Factor” OR HIF)”.

It is evident that there is a lack of literature when it
comes to goitre and hypoxia-inducible factors. Besides,
the published body of literature has a complete absence
of research attempts originating from the Middle East,
specifically from Iraq, and in connection with our research
questions. Following the application of inclusion criteria,
the total number of reference materials used for the
citations and the purpose of a literature review reached
twenty-eight. Following the elimination of duplicate
articles, the inclusion criteria were based on the selection
of papers written in the English language for studies and
experimentations on human as well as using animal models,
and successfully passing the critical appraisal using CASP
appraisal tool."""? Priority was given to studies published
in the past 5-10 years.

Discussion of results and review of literature
Hypoxia is a common condition found in a wide range of
solid tumours and has been accepted to play an essential role
in cancer development and progression.”” Tumour adaptation
to hypoxia depends mostly on HIF-1a and HIF-2«. Both
isoforms are regulated by oxygen-dependent hydroxylation
that results in intracellular degradation of proteins by the
proteasome pathway.' This study is based on the central
hypothesis that HIFs facilitate both oxygen delivery and
adaptation to oxygen deprivation by regulating the expression
of genes that are involved in many cellular processes,
including glucose uptake and metabolism, angiogenesis,
erythropoiesis, cell proliferation, and apoptosis."

HIF-1o and HIF-2o have a similar structure and function,
but they have a different topography of tissue and cell-
type distributions.'"® Recent data indicate that regulation
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Keywords (MeSH)

Number of hits per database

PubMed-NCBI The Cochrane Elsevier Total
library

Thyroid Gland 74530 22 418 74970
Goiter 37496 8 69 37573
Hypoxia-Inducible Factor 19905 11 21 19937
HIF 17272 6 17 17295
Middle east 161253 22 314 161589
Iraq 11819 1 83 11903
Thyroid Gland AND (“Hypoxia-Inducible Factor” OR HIF) 18 0 0 18
Thyroid Gland AND (“Hypoxia-Inducible Factor” OR HIF) AND “Middle 0 0 0 0
East”
Thyroid Gland AND (“Hypoxia-Inducible Factor” OR HIF) AND Iraq 0 0 0 0
Thyroid Gland AND (“Hypoxia-Inducible Factor” OR HIF) AND 0 0 0 0
(Iraq OR “Middle East”)
Goiter AND (“Hypoxia-Inducible Factor” OR HIF) 9 1 0 10
Goiter AND (“Hypoxia-Inducible Factor” OR HIF) AND “Middle East” 0 0 0 0
Goiter AND (“Hypoxia-Inducible Factor” OR HIF) AND Iraq 0 0 0 0
Goiter AND (“Hypoxia-Inducible Factor” OR HIF) AND 0 0 0 0
(Irag OR “Middle East”)
Total Number of Hits 322302 7 922 323295

of HIF-1 target genes depends on tissue type, lesion type
and the co-expression of HIF-2."*! Studies concerning the
role of HIFs in thyroid tissue are limited in the published
body of literature. Additionally, there are even very few
studies which looked at HIFs isoforms co-expressions
in the same tissue specimens. Moreover, no single study
to date investigates the expression of both isoforms in
multinodular goitres and in connection with clinical toxicity.
Therefore, we examined whether there is any difference in
the co-expression of HIF-1a and HIF-2o between toxic
and non-toxic multinodular thyroid goitres.

As stated earlier, most of the patients were females in
their fifth decade of life, and the majority were clinically
non-toxic. This finding goes in harmony with the usual
epidemiological pattern of thyroid diseases, notably
multinodular goitres that are more common in adult
females as documented by Castro and Gharib in 2005, Al-
Rrawak and co-workers in 2009, Mahdi and colleagues in
2010, and Mandel in 2014.%** Furthermore, our research
confirmed that there is no significant difference between
males and females in connection with IHC scoring of the
investigated hypoxia-inducible factors.

Interestingly, our study demonstrated for the first time a
significantly positive correlation between HIF-1 expression
in multinodular thyroid goitre and the age as an independent
demographic variable. To date, there were no studies that
could explain the molecular mechanisms behind this positive
and significant association. On the other hand, we found
that age is not positively correlated with IHC scoring of
HIF-2. However, there was a strong correlation in between
IHC scoring of HIF-1 and IHC scoring of HIF-2. This
finding is logically expected as the role of hypoxia-inducible
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factors are inherently intermingled at the molecular and
cellular levels. The results also go in line with prior research
attempts by Toschi and co-workers in 2008 and Liu and Xing
in 2016.* In 2010, Burrows and co-authors proposed that
tissue genotype and the local microenvironment influence
the bio-regulation of HIF proteins.”

Our study may have limitations including the lack of
a control group and the relatively small sample size.
Additionally, all cases were selected from a single hospital
rather than being a true representative of the studied
population by being based on a multi-centre study.
Nevertheless, our research ranks well within the pyramid of
the hierarchy of evidence-based Medicine as it is estimated
to be of level-3 of the scheme established by the Oxford
Centre for Evidence-Based Medicine as of May 2016."

CASE REPORTS OF INTEREST

Case-1

A sixty years old male of the Arab ethnicity from Baghdad.
He is an active person, athletic with a body-mass index
(BMI) of 24.22 Kg/m?, and completely healthy apart
from having benign prostate hyperplasia (BPH) which is
controlled well via conservative medical treatment. A few
months earlier, he developed a persistent sore throat and
flu-like symptoms for one week for which he consulted an
otolaryngologist. During the routine physical examination,
the surgeon discovered an enlarged thyroid gland and
nodule within the left lobe, and he advised the patient to
perform thyroid function tests (TFT) and transcutaneous
ultrasonography (US) of the neck to exclude any suspicious
pathology affecting the thyroid gland, nearby lymph nodes,
as well as a possibly infected branchial cyst. Thyroid function
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tests were within the standard acceptable limits with TSH
level of 0.966 mIU/L while the US revealed an irregular
solitary heterogenous thyroid nodule measuring 1.2 by
3.4mm in diameter and occupying the inferior portion of
the left thyroid lobe. The nodule was suspicious due to its
mixed echogenicity and the existence of foci of intralesional
calcifications. However, the remaining tissue of the thyroid
gland, including the thyroid isthmus, was completely healthy.

Subsequently, radio-isotope scanning or fine needle
aspiration cytology (FNAC) were advised for the patient to be
correlated with clinical and biochemical findings to exclude
any potential malignant transformation within the nodule.
The cytology report of FNAC confirmed the presence of
a moderate amount of colloid fluid with scattered follicular
cells altogether with degenerative changes and foci of
calcifications. These findings favour a hyperplastic thyroid
nodule for which a regular follow-up is mandatory. The
patient then re-consulted the otolaryngologist and a general
surgeon. Both advised to do a surgical removal of thyroid
within the next two months and to do a thorough histological
analysis of the entire resected thyroid tissue including the
hyperplastic thyroid nodule. The general surgeon further
recommended to carry out a total thyroidectomy rather than
a single lobe resection. He justified his decision by saying
“Better to do the total removal, the nodule might turn to
be malignant on post-operative result, microcalcifications
in the module is wortisome, and there is a chance that the
patient will develop new nodules in the remaining part if
he did a lobe removal only. It is always better to do total
thyroidectomy; this is the international consensus”.

The patient agreed to do a total thyroidectomy, and
the surgery was carried out with success. However, the
postoperative histological analysis of thyroid tissue proven
the absence of malignant transformation. Following the
operation, the patient recovered well post-operatively, and
there were no complications concerning injury (laryngeal
nerves), hematoma formation, speech, or electrolyte
homeostasis. He was discharged two days following the
surgery. He started hormone replacement therapy with
thyroxine to compensate for the absent thyroid gland.
Biochemical analysis was entirely within the accepted range
including the complete blood count, differential WBC
count, clotting factors and coagulation studies (PT, PTT,
INR), serum electrolyte levels (corrected serum Calcium,
Magnesium, and Phosphorous), thyroid function tests,
anti-thyroglobulin antibodies (Anti-T'G Abs), vitamin D
level, and parathormone (PTH) level. Ten days following
the operation, the surgical stitches were removed, and the
wound was clean with a beautiful cosmetic surgical scar.
The take-home message from our case scenario is the
potential benefit of using an intraoperative frozen section
consultation. Unfortunately, this option was not available
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for the patient within the facilities of the healthcare system
where he received medical attention. Intraoperative frozen
sections can exclude neoplastic transformations while the
patient is still on the surgical operating table. In case the
diagnosis of malignancy was eliminated, the surgeon could
have conveniently performed a single lobe removal rather
than a total thyroidectomy that mandates the patient to
be on hormonal supplements day-to-day and for the rest
of his life.

Case-2

A thirty-five years old female of the Arab ethnicity from
Baghdad. She complained of a cervical swelling with a
persistent fever, fatigue and general unwell-being for more
than three weeks for which she made a medical consultation.
Physical examination shows a nodular enlargement of the
thyroid gland that was also tender and hard in consistency,
the presence of some palpable cervical lymph nodes,
in association with high-grade fever and tachycardia.
Laboratory investigations revealed mild leucocytosis with
markedly elevated ESR. Thyroid function tests were within
the accepted range. Ultrasonography of the thyroid gland
revealed marked enlargement of the thyroid though no
areas of haemorrhage or calcification were observed. Her
surgeon advised doing FNAC which showed pathological
features suggesting the diagnosis of papillary thyroid
carcinoma. Accordingly, the surgeon decided to do a total
resection of the thyroid. Histopathological study of the
resected thyroid tissue confirmed the pathology as a case
of non-specific inflammatory thyroiditis while excluding
the malignant transformation suggested eatlier via FNAC.
The patient is now on daily 0.1 mg tablets of thyroxine. The
critical element of interest here is the potential diagnostic
error based on FNAC without a proper representative
tissue biopsy. Aspiration cytology not only lack fully-proof
sensitivity and specificity, but it should be conducted with
precision by an experienced cytopathologist under adequate
guidance by ultrasonography. Moreover, inflammatory
thyroiditis frequently present with an active inflammation
affecting the entire gland that can easily trick the
unexperienced pathologist into the diagnosis of papillary
thyroid cancer. The accuracy of FNAC, as mentioned in
case-1, can be supremely enhanced when combined with
intra-operative frozen section technologies.
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