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Abstract: Diagnosing thyroid carcinoma is not always easy on basic haemtoxylin and eosin staining
since nuclear features are inconsistent and controversial. In view of this, studies on the role of im-
munohistochemical markers in the diagnosis of malignant thyroid carcinoma are necessary. Proposed
immunohistochemical markers for papillary thyroid cancer include Hector Battifora mesothelial-1
(HBME-1), and Galectin-3 (Gal-3) which have been studied in this project. Immunohistochemical
staining of fifty-eight formalin-fixed paraffin embedded surgically removed thyroid tissue from the
years 2008 and 2013 was undertaken to determine the diagnostic accuracy of these two markers. We
have concluded that both Gal-3 and HBME-1 are useful markers to aid in the diagnosis of papillary
thyroid carcinoma and also in distinguishing between benign and malignant thyroid lesions. The sen-
sitivity and specificity of Gal-3 over the 2years studied was found to be 96.2% and 92.6%, respectively,
whilst HBME-1 was found to have sensitivity of 93.6% and specificity of 69.02%.

Keywords: immunohistochemistry; thyroid cancer; markers; HBME-1; Galectin-3

1. Introduction

Thyroid nodules are a common clinical problem and their diagnosis and management
pose a significant challenge to the physician. The ability to properly diagnose, and the
knowledge of when and how to treat, makes a difference to the patients’ prognosis and
quality of life. On average, 586,202 people were diagnosed with thyroid carcinoma world-
wide in 2020, 14.9% of which were European, and the majority, (59.7%) Asian. A total of
2.3% of new thyroid carcinoma cases were registered in Malta in 2020, ranking it the twelfth
commonest type of carcinoma locally [1]

Papillary thyroid carcinoma is the commonest type of malignant thyroid cancer [2] An
earlier diagnosis will give a better prognosis to the patient, with delayed diagnosis leading
to increased mortality [3]. An increase in the rate of thyroid cancer cases has been noted
over the years, the cause of which has not yet been fully understood. One contribution
is definitely the increase in diagnosis of microcarcinoma and occult disease [4]. In view
of the significant numbers of yearly new cases and the importance of early diagnosis for
prognosis, it is of importance to study thyroid cancer and its diagnosis in more detail.

The diagnosis of papillary carcinoma relies on nuclear features which include optical
clearing, elongation, micronuclei and pseudoinclusions [5]. However, morphological over-
laps between follicular adenoma, papillary carcinoma and multinodular goitre showing
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features of papillary budding cause a diagnostic dilemma. In view of these inconsis-
tencies, several immunohistochemical markers have been studied to assess their use in
aiding diagnoses.

Some useful markers for differentiated thyroid cancer which have already been studied,
are Galectin-3 (Gal-3), Hector-Battifora mesothelial antigen-1 (HBME-1), cytokeratin-19 (CK-
19) and RET/PTC. The latter two each identify a sub-population of papillary carcinoma.

RET/PTC rearrangement is the most common genetic alteration in thyroid carcinoma,
recognised to date. It is most commonly found in children and young adults, and also
in papillary carcinoma associated with exposure radiation. The prevalence of papillary
thyroid carcinoma related to RET/PTC is higher in North America (35%) [6]. The variation
in prevalence is also due the tumour heterogeneity [7]. If the distribution of this marker is
heterogenous, it will be found in most neoplastic cells and is referred to as clonal RET/PTC
whilst if it is present in a small fraction of cells it is known as non-clonal RET/PTC.

It is interesting to note that clonal RET/PTC has only been found in papillary thyroid
carcinoma whilst non-clonal RET/PTC has been also found in 10–45% of thyroid adenomas
and other non-neoplastic thyroid lesions and Hashimoto’s thyroiditis, as concluded from
various studies [8,9].

CK-19 is a type I intermediate filament protein present in simple or glandular epithelial
cells. It was shown to be sensitive to papillary thyroid carcinoma, usually with a strong
diffuse plasma reactivity [10] however, its specificity for both malignancy and papillary
cancer was low (63.1%). CK-19 expression in benign lesions was noted to be high in several
studies, with a low specificity and sensitivity when compared to HBME-1 and Gal-3 [11].
In view of the low specificity of CK-19 in the literature, it was not included in our study.
RET/PTC was tested; however, it did not stain any cells, both in the control and in the
thyroid specimen, and after several trials as described in the method, this marker had to
be abandoned.

Therefore, the study focused on the expression of Gal-3 and HBME-1 separately and
as a panel on a spectrum of thyroid lesions to determine their diagnostic accuracy.

Gal-3 is a member of the beta-galactoside-binding protein family and has an impor-
tant role in biological processes such as: cell–cell adhesion and cell–matrix interactions
associated with tumour spread [12].Galectins have been extensively investigated regarding
their role in cancer especially metastasis [13].A recent meta-analysis by Tang et al., demon-
strated that Gal-3 is useful in differentiating between non-papillary thyroid carcinoma
and papillary thyroid carcinoma. Moreover, it was also more commonly found in patients
with lymph node metastasis [14]. Gal-3 was found to be positive in 100% of papillary
carcinomas, 62.5% of follicular carcinomas, 18.8% of follicular adenomas and negative in
nodular goiters in a paper by Miskad et al., Galectin’s sensitivity was noted to be 81.25%
and at a specificity of 90.62%.The same study showed that sensitivity increased by 10%
when both Gal-3 and HBME-1 expression was combined [15].

HBME-1 is amembrane antigen found in the microvilli of mesothelial cells with an
unknown function. It has gained popularity in the past decade and its expression in benign
and malignant thyroid lesions has been investigated. In normal thyroid tissue, there is
no expression of HBME-1; however, it is over-expressed in malignant tumours especially
papillary thyroid carcinoma.Several studies reviewed by Rossi et al. show that HBME-1
is over-expressed in 78.8% in thyroid malignancy; 87.3% of papillary thyroid carcinoma
and 65.2% of follicular thyroid carcinoma. HBME-1 was shown to detect malignant thyroid
tumours with a specificity of 82.1% [16].

The objectives of this study were to look at the different types of thyroid cancer in the
Maltese population and to study the use of Gal-3 and HBME-1 as immunohistochemical
markers in thyroid cancer.

2. Materials and Method

Formalin-fixed, paraffin embedded tissue from fifty-eight surgically resected thyroid
tissue were obtained from the pathology archives of Mater Dei Hospital for the years of
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2008 and 2013. (Formalin used: 10% Nuetral Buffered Formalin, CellPath Ltd., Newton,
Powys, UK. Fixation was performed for 24–48 h). Reagent obtained from Leica BioSystems,
Newcastle Upon Tyne, UK).

The study was approved by the University Ethics Research Committee of the Univer-
sity of Malta on 25th September 2018, (FREC unique ID: FRECMDS_1718_048), and the
Mater Dei Hospital Data Protection Office. All patients who underwent surgery due to a
thyroid carcinoma during the years 2008 and 2013 were included. Use of tissue and patient
clinical information was subject to written informed consent, apart from those who were
deceased, following which the information was anonymised and de-identified prior to
analyses. Patients who did not give informed consent to participate were excluded from
this study, together with those who had inadequate samples which could not undergo
immunohistochemical staining in view of their state. The tissue sections representing the
tumour were chosen by a senior pathologist, blinded to the type of thyroid cancer present,
to avoid bias.

2.1. Tissue Preparation and Staining

3 µm sections of paraffin embedded thyroid tumour tissue were placed on glass slides
and dried at 37 ◦C overnight. Sections were de-waxed through a sequential treatment in
xylene for 7 min, xylene-alcohol for 2 min, graded alcohol (100%, 70% and 30%, for 4, 2 and
2 min, respectively) and then rinsed in water. Heat-induced antigen retrieval was carried
out for both markers using citrate buffer at pH 6 (3.15 g of citric acid in 1.5 L of distilled
water). The slides were then boiled in a pressure cooker for one hour in the antigen retrieval
solution and afterwards they were cooled down to room temperature. This method was
chosen after several runs of water bath and pressure cooker with citrate buffer at different
concentrations. The polymer detection method was chosen over ABC detection method,
since the former produced better results after staining.

Sections were then placed in 0.3% hydrogen peroxide solution for 20 min at room
temperature. Subsequently, the slides were rinsed in tap water and mounted in Sequenza
humid chambers, washed with 1× PBS (1 g KCl, 40 g NaCl, 7.2 g Na2HPO4, 1.2 g KH4PO4,
5 L of distilled H2O; pH 7.4 and then incubated with 100 µL of UltraCruz® blocking reagent
(sc-516214 from Santa Cruz) for 10 min at room temperature to block non-specific binding.

2.2. Immunostaining

Primary antibodies were diluted in antibody diluent (1 g sodium azide, 1 g bovine
albumin and 100 mL PBS). A total of 100 µL of the diluted antibodies was added to each
slide and left at 4 ◦C overnight. After the primary antibodies, the sections were processed
using the polymer detection method. A total of 100 µL of post-primary reagent (secondary
antibody) was applied for 15 min at room temperature, and then 100 µL of polymer
reagent was added for another 15 min and then washed sequentially 3 times with PBS. The
sections were then stained using DAB (3,3-Diaminobenzidine), and counterstained with
Harris haematoxylin. Sections were then dehydrated in graded ethanol, xylene and finally
mounted in DPX. Refer to Table 1 for primary antibodies details.

Table 1. Details of primary antibodies used for immunohistochemical analysis.

Antibody Clone and Source Dilution Source

Galectin-3 Monoclonal, B2C10 1:400 Santa Cruz biotechnology
Inc., Santa Cruz, CA, USA

HBME-1 Monoclonal HBME-1 1:50 Santa Cruz biotechnology
Inc., Santa Cruz, CA, USA

Secondary
antibodies

Anti-mouse and
anti-rabbit antibodies No dilution DAB Refine kit by Dako,

Denmark
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RET (monoclonal C-3 Santa Cruz biotechnology Inc., Santa Cruz, CA, USA) was
the only marker which did not demonstrate satisfactory and consistent staining after
immunohistochemical processing in our study. A new batch of the same antibody was
obtained and re-evaluated; however, it did not stain any cells, both in the controls and the
actual thyroid specimen. Different concentrations were also tested to no avail, and due
to time constraints in view of a degree-related deadline for completion of research study,
immunohistochemistry of RET/PTC was abandoned.

Appendix and skin tissues were used as positive controls for Gal-3 (Figure 1), while
tonsil and mesothelioma tissues were used for HBME-1. Patient-matched normal thyroid
tissue was included as negative control where available.
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Figure 1. Galectin-3 staining strongly as brown stain after IHC in appendix crypts of Lierberkuhn
(control) (×100).

2.3. Statistical Analysis

The analysis involved the evaluation of HBME-1 and Gal-3 and their relation to benign
and malignant thyroid lesions with the aim of identifying any significant difference between
the two. Their sensitivity, specificity and positive predictive values were also calculated
using MedCalc Software version 19.4.1 (https://www.medcalc.org/calc/diagnostic_test.
php, accessed on 20 March 2019). The immunohistochemical markers were analysed
according to their percentage positivity index, the intensity of the staining and the H-score.
From these values, the true positives, true negatives, false positives and false negatives
were identified, and the sensitivity, specificity, positive and negative predictive values
were calculated. True positive was taken as a papillary thyroid carcinoma which tested
positive for the marker in question (>15% staining for Gal-3 and >30% staining for HBME).
True negatives were thyroid lesions other than papillary thyroid cancer which did not
stain significantly.

The Kruskal–Wallis test was used to compare the mean Gal-3 percentage staining
scores between the different types of carcinoma, since Gal-3 score distribution did not
satisfy the normality assumption (p-value = 0) and a non-parametric test had to be used
for this analysis. On the other hand, the one-way ANOVA test, which is a parametric
test, was used to compare mean HBME-1 percentage staining scores between the different
types of thyroid cancer since HBME-1 score distribution satisfied the normality assump-
tion (p-value = 0.2).For both tests, the null hypothesis specifies that the mean scores vary
marginally between the cancer types and is accepted if the p-value exceeds the 0.05 level of

https://www.medcalc.org/calc/diagnostic_test.php
https://www.medcalc.org/calc/diagnostic_test.php
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significance. The alternative hypothesis specifies that the mean scores vary significantly
between the different types of cancer and is accepted if the p-value is less than 0.05.

Receiver operating characteristics curves (ROC) were plotted using SPSS. Each point
on the ROC plot represents a sensitivity/specificity pair corresponding to a particular
cut-off. Quantitative measures of accuracy including the area under the curve (AUC), was
also calculated using this software.

3. Interpretation and Analysis

A number of the slides were reviewed with two independent senior pathologists,
to aid in identifying benign and malignant areas of thyroid tissue. All sections were
scanned at 20× objective magnification using the Pannoramic MIDI viewer (3DHISTECH,
Budapest, Hungary). Positive staining was quantified using CellQuant Quantification
software (3DHISTECH, Budapest, Hungary), as an intensity (0–3) and a percentage stain-
ing to calculate the H-score. Staining was assessed in both the area of tumour and also
normal tissue.

The percentages of positive cell values for all thyroid lesions were then plotted on a
scatter graph and the sensitivity and specificity for detecting papillary thyroid carcinoma
was assessed (shown in Figures 2 and 3). Percentage positivity is the percentage of positively
stained cells with the marker in question. Scatter graphs were plotted and their average
values for positive cells in benign and malignant thyroid samples suggested a threshold.

The positivity index represents the percentage of cells staining positive for the examined
marker. The H-score is a summation of the percentage of area stained at each intensity level
multiplied by the weighted intensity. The score is calculated by using the following formula:
3× percentage of strongly stained nuclei + 2× percentage of moderately stained nuclei +
percentage of weakly staining nuclei. The range of the H-score is between 0 and 300 [17].
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Figure 3. Scatter graph showing percentage positivity staining rates of Gal-3 in all types of thyroid
tissue in 2008 and 2013.

The staining results were then correlated with the original histological diagnosis and
results tabulated. HBME-1 expression was cytoplasmic with luminal attenuation whilst
Galectin-3 was expressed in both the nuclear and cytoplasmic compartments. Controls
stained strongly positive for both markers, respectively.

4. Results

Table 2 shows the numbers of different subtypes of thyroid carcinoma diagnosed in
2008 and 2013, whilst gender and age distribution results are shown in Figures 4 and 5,
respectively.

Table 2. Distribution of thyroid carcinoma subtypes diagnosed in 2008 and 2013.

Diagnosis Count

Papillary carcinoma 23

Papillary carcinoma and follicular adenoma 6

Papillary carcinoma and multinodular goitre 7

Papillary carcinoma and lymphocytic thyroiditis 6

Follicular carcinoma 4

Papillary carcinoma, lymphocytic thyroiditis and multinodular goiter 4

Papillary carcinoma, lymphocytic thyroiditis and follicular adenoma 1

Focus Papillary thyroid carcinoma with Hurthle cell carcinoma 1

Anaplastic carcinoma 1

Medullary carcinoma 3

Undifferentiated carcinoma 1

Type of thyroid cancer unknown 1
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The number of female thyroid cancer patients was three times that of male patients.
The ages of these patients ranged between the third and eight decades with the highest
number of patients being in between the 41st and 50th year of age.

4.1. Immunohistochemical Results

The mean Gal-3 staining score for papillary carcinoma (80.49) was found to be signifi-
cantly higher (p-value = 0.012) than that for other malignant thyroid diseases. This was
also the case for HBME-1 where the staining score was highest for papillary carcinoma
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(68.28, p-value = 0.002). This data supports the relevance of Gal-3 and HBME-1 for use in
the diagnosis of papillary thyroid carcinoma.

On the other hand, the staining of both markers was not significantly different between
benign lesions, meaning that both markers are not specific to a particular benign lesion.
These results are shown in Table 3.

Table 3. Mean staining scores of Gal-3 and HBME-1 across subtypes of thyroid carcinoma and
subtypes of benign thyroid lesions.

Type of Thyroid Lesion Galectin-3 (Mean
Staining Score) p-Value HBME-1 (Mean

Staining Score) p-Value

Thyroid
Carcinoma

Papillary carcinoma 80.49

0.012

68.28

0.002Follicular carcinoma 30.80 42.34

Medullary carcinoma 5.07 26.66

Anaplastic carcinoma 7.29 23.24

Benign Thyroid
Lesions

Follicular adenoma 3.42

0.821

20.91

0.220Lymphocytic thyroiditis 5.01 22.39

Multinodular goiter 3.91 30.20

Normal thyroid tissue 4.03 20.94

Each marker’s specificity and sensitivity to detect papillary thyroid carcinoma were
evaluated further. A value of >15% staining was taken as positive for Gal-3 whilst >30%
staining was taken as positive for HBME-1. This chosen cut-off value was based on the
histology sections as described by Zhang et al. [18]). A total of 2/4 cases of follicular
carcinoma and 1/1 case of high-grade anaplastic carcinoma were found to express high
levels of Gal-3 protein, whilst 2/41 cases of follicular carcinoma were considered to be
false negative showing a low expression to Gal-3. The cases which were documented as
true negative included anaplastic thyroid carcinoma, multinodular goitre and lymphocytic
thyroiditis. All normal thyroid tissue did not stain with Galectin-3.

The sensitivity and specificity of both markers were calculated and shown in Tables 4–6.
Galectin-3 had the highest value for both sensitivity and specificity (95% and 92.5%,

respectively). Moreover, it also showed a high percentage of positive and negative pre-
dictive values (92.68% and 94.87%, respectively). These values show that this marker is
valuable in the diagnosis of thyroid carcinoma, since it is present in the true positive cases
and negative in the true negative cases. On the other hand, HBME-1 had a sensitivity of
90.91% and a specificity of 67.35%. Its positive predictive value and negative predictive
value were also noted to be less than for Gal-3 (71.43% and 89.19%); however, when the two
markers were combined, they had a sensitivity of 92.86% and specificity of 78.65% and a
positive predictive value of 80.41% and a negative predictive value of 92.11%. These values
show that both these markers can be useful in the diagnosis of thyroid carcinoma.

Table 4. Sensitivity, specificity, positive and negative predictive values of combined Gal-3 and
HBME-1 with a 95% confidence interval (CI).

Statistic Value 95% CI

Sensitivity 92.86% 85.10% to 97.33%

Specificity 78.65% 68.69% to 86.63%

Positive Predictive Value 80.41% 73.28% to 86.00%

Negative Predictive Value 92.11% 84.27% to 96.21%
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Table 5. Sensitivity and specificity of Gal-3.

Statistic Value 95% CI

Sensitivity 95.00% 83.08% to 99.39%

Specificity 92.50% 79.61% to 98.43%

Positive Predictive Value 92.68% 80.97% to 97.42%

Negative Predictive Value 94.87% 82.69% to 98.62%

Table 6. Sensitivity and specificity values for HBME-1.

Statistic Value 95% CI

Sensitivity 90.91% 78.33% to 97.47%

Specificity 67.35% 52.46% to 80.05%

Positive Predictive Value 71.43% 62.33% to 79.07%

Negative Predictive Value 89.19% 76.05% to 95.54%

4.2. How Beneficial Are These Markers in the Clinical Setting?

A receiver operating characteristic curve (ROC curve) is plotted with the true positive
rate against the false positive rate. This curve measures the diagnostic performance of
biomarkers under study. The area under the curve (AUC) is equal to the probability that a
classifier will rank a randomly chosen positive instance higher than a randomly chosen
negative one.

The ROC curve was designed for both Gal-3 and HBME-1 as a combination of markers
as shown in Figures 6–8. In all the below curves, the p-value was always found to be less
than the 0.05 level of significance, thus it can be deduced that the areas under the graphs
are larger than 0.5 and so, the markers have a better significance than if they were to be
attributed to chance.
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5. Discussion

Thyroid lesions are common clinical findings especially in women and between the
ages of 30 and 60 years, and thyroid cancer has been documented to be the commonest
endocrine malignancy [19]. Fortunately, the majority of clinically diagnosed thyroid lesions
are benign tumours. However, it is important to identify cancerous lesions with imme-
diate optimum management for maximum patient benefit [20]. Incorrect diagnosis and
interpretation of the cytology can lead to significant social and psychological problems,
causing an unnecessary increase in healthcare costs [21]. Additionally, FNAB is not the most
reliable investigation to differentiate between benign and malignant tumours, especially in
tumours which have a follicular growth pattern, with difficulty to assess capsular invasion
at times, in fact 30% of FNA examinations yield indeterminate or non-diagnostic results,
complicating patient management [22]. In view of these diagnostic dilemmas, studies
on immunohistochemical markers have increased in an attempt to help in distinguishing
between difficult cases [23]. Our study confirms the usefulness of Gal-3 and HBME-1 and
shows their sensitivity and specificity as a combination in papillary thyroid carcinoma.
In this study, Gal-3 scores were significantly higher for papillary thyroid carcinoma than
for other types of thyroid carcinoma. Similar results were noted with HBME-1, making
both markers useful in distinguishing papillary from other types of thyroid carcinoma
(Figures 9–11). These results provide further evidence to the literature, in favour of these
markers’ diagnostic use in papillary thyroid carcinoma [24].
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Both markers were also more commonly found in cancerous tissue and absent or
stained weakly in benign lesions. In the case of lymphocytic thyroiditis where Gal-3
showed weak staining, the literature had already debatedthe relationship between Gal-3
and lymphocytic thyroiditis, and it was concluded that in Hashimoto’s thyroiditis, features
of papillary thyroid carcinoma, including follicular epithelial dysplasia are present, and thus
immunomarkers may stain and overlap [25]. Several studies have also found Galectin-3 to
be weakly expressed in the follicular epithelium and in entrapped follicles in lymphocytic
thyroiditis. [26].Likewise, Gal-3 staining in advanced medullary thyroid carcinoma has
been documented and it has been suggested that this marker might play a role in its
pathogenesis [27]. Follicular adenomas which stain positively with Gal-3 are considered
an indication of early or incipient carcinoma where capsular or vascular invasion has not
yet been noted on histology [28].In the case of HBME-1 where it showed weak positivity
in some cases of lymphocytic thyroiditis and one case of follicular adenoma, it was noted
that these cells were adjacent to the cancerous tissue itself. HBME-1 has already been
linked to follicular carcinoma, multinodular goitre and follicular adenoma [29]. Moreover,
lymphocytic thyroiditis has been linked to malignancy in a number of studies [30]. and
HBME-1 was shown to be positive in foci of follicular epithelial dysplasia in lymphocytic
thyroiditis [31].
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6. Conclusions

The current challenge is to find immunohistochemical markers that are mostly or
exclusively positive in cancer tissue. This study has shed more light on the use of Galectin-3
and HBME-1 as immunohistochemical markers as a supplementary test in the diagnosis
of thyroid neoplasms. Both Gal-3 and HBME-1 showed high values of sensitivity and
specificity both separately and combined and thus offer reliability in distinguishing benign
from malignant. A panel of two markers combined helps in avoiding technical problems or
processing issues. This low cost immunohistochemical test helps to reduce the number of
unnecessary surgical resections of benign nodules, leading to a better quality of life for the
patients and less burden on the healthcare services.

Limitations of This Study

It would have been useful to study Gal-3 and HBME-1 expression both in histopathol-
ogy and also in cytological specimens, where in the latter IHC stains to determine malig-
nancy can be very useful in the absence of morphology. Secondly, some subtypes were
underrepresented in this study. A study using larger numbers is needed to confirm Gal-3
and HBME-1 across distinct thyroid lesions.

Thirdly, a standardised protocol for the application of Gal-3 and HBME-1 in the
differentiation between benign and malignant thyroid nodules is not available at present.
A standard staining protocol and method of scoring is crucial to facilitate implementation
into diagnostic lab.
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