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Abstract
In patients undergoing thyroidectomy one of the goals of post-surgical follow-up is the correct
maintenance of thyroid hormone (TH) levels by replacement therapy with levo-thyroxine (LT4).
Nevertheless, some patients complain of symptoms of hypothyroidism (memory loss, weight gain,
fatigue, depression, and reduced quality of life) despite values of thyroid hormones get the physiological
range.

Since this recurrent issue, we aim to compare serum proteomic pro�les of LT4-euthyroid thyroidectomized
patients with good or reduced post-operative quality of life.

Proteomic analysis highlights a different protein pro�le in the serum of patients with reduced quality of
life compared to the other although both resulted euthyroid. Differential proteins are involved in
coagulation processes, complement system activation and in lipoprotein particles remodeling, that
together lead to a pro-in�ammatory response. Moreover, a particular degradome of apolipoprotein A1,
thrombin heavy chain and alpha 1 antitrypsin, was also detected.

This study suggests that LT4 replacement therapy might restore euthyroid conditions in thyroidectomized
patients but in some cases without re-establish body tissues euthyroidism and serum protein pro�les
strongly suggest a behavior similar to overt hypothyroidism.

Introduction
Patients undergoing thyroidectomy need to maintain correct thyroid hormone (TH) levels by replacement
therapy with levo-thyroxine (LT4) 1. The rationale for the use of LT4 is supported by the fact that the
peripheral conversion desiodase-mediated of T4 into T3 is able to guarantee a correct homeostasis of
THs in target tissues 2. In the majority of patients, LT4 therapy is effective. However, in a subgroup of
thyroidectomized subjects 3,4, typical symptoms of hypothyroidism persist with a reduced quality of life
(QoL) despite normalization of serum TSH levels.

We recently characterized a subgroup of patients with post-operative FT3 levels statistically signi�cant
lower, although in the normal range, than that observed before surgery submitted to total thyroidectomy
and undergoing LT4 therapy. These patients complain symptoms of hypothyroidism even though their
TSH levels were in the normal range and similar to those observed in the pre-surgical evaluation 5. In our
previous report [5] we concluded that this effect was linked to the DIO2 Thr92Ala polymorphism, but in
the clinical practice, we saw that not all the patients with impaired QoL despite normal TSH and LT4-
therapy, carry the DIO2-variant, suggesting the involvement of other molecular mechanisms. These
altered molecular mechanisms could be evaluated at the serum level and proteomics represents a
promising tool to be applied. Little is known about the relationship between TH levels and circulating
proteome pro�le. In literature, only few studies have evaluated the changes in circulating proteome in
patients undergoing LT4 replacement therapy 6. Among these, two papers reported plasma proteomics
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analyses in an experimentally induced human thyrotoxicosis model 7,8. Engelmann et al., explored the
effects of LT4 excess and found a positive correlation between FT4 levels and 10 proteins involved with
blood coagulation 7. Pietzneret al. detected 63 proteins signi�cantly associated with serum FT4 levels.
Among these proteins, complement and coagulation proteins were increased and apoliproteins were
decreased 8. Only one study explored plasma proteome changes that occur in the transition from
hypothyroid to euthyroid state in patients during LT4-therapy 9. This comparison revealed alterations of
proteins involved in acute phase response highlighting that LT4 reduces pro-in�ammatory cytokine levels.
No studies took into consideration the effects of LT4 on circulating proteome in thyroidectomized
patients and in particular in the subgroup of patients with normal TSH values but persisting symptoms of
hypothyroidism. 

Accordingly to our previous results 5, we hypothesized that the subgroup of LT4-euthyroid
thyroidectomized patients with impaired quality of life, could be associated with tissue hypothyroidism.
To explore this hypothesis, serum proteomic pro�le were compared in postsurgical patients subjected to
replacement with LT4-therapy with unchanged or reduced FT3 in the physiological range associated to an
impaired quality of life.

Results
Comparison of post-surgical thyroid hormone levels between "reduced" and "unchanged" FT3 patients

Based on our previous report [5], we selected from the group of patients with "reduced" or "unchanged"
FT3, 4 patients/group to submit to proteomic analysis. The "reduced" patients were chosen in order to
have subjects complaining lower physical and neurocognitive wellbeing after total thyroidectomy.  As
shown in Table 1, there was no signi�cant difference between post-surgery serum TSH and FT4 levels
among groups (by Wilcoxon test for paired data). The mean post-surgical serum FT3 level was
signi�cantly (p =0.05) lower in the "reduced" group compared to the "unchanged" (3.4±0.5 pg/ml versus
2.7±0.15 pg/ml) although in the reference range. Age, FT3/FT4 ratio, LT4 dose/day and LT4 dose/kg did
not differ between patients with a lower FT3 level after surgery and those in whom FT3 was unchanged.
Due to the low number of patients, sex distribution was by chance different in the two groups.

Differential proteomic results

The analyzed dataset enumerated ~1200 protein spots. The unsupervised analysis (data not shown),
performed as data quality control, was obtained analyzing the top 100 spots with higher variance
intensity through unsupervised heatmap and PCA and the results did not highlight any outliers nor
clustering related with any possible covariant disturbances.

However, the comparison emphasized 31 signi�cant differentially abundant spots (DAS) between
Reduced FT3 and unchanged FT3 groups (Table S1, Figure 1).

The 31 differential spots are visualizable in the reference gel maps in Figure 2 and Figure S-1.
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Peptide Mass Fingerprint identi�cation highlights a characteristic pattern of THRB, APOAI and A1AT
protein fragments in FT3 reduced patients

Once performed protein identi�cation by MALDI-ToF mass spectrometer, Mascot Search Results of all
differentially abundant spots were reported in Table 2. Interestingly, some identi�cations highlighted not
the full-length protein but a protein fragment. In particular, spots 1Q, 2Q, 3Q, visible only in reduced FT3
samples, were identi�ed by Peptide Mass Fingerprint (PMF) as C-term fragments of thrombin from aa
364 to 622 and corresponding to thrombin heavy chain isoform on UniProt database (Figure 3),
demonstrating a possible speci�c proteolytic process.

Among highly abundant spots in reduced FT3 sera we found spots 4, 11, 12, 21 and 22. All are identi�ed
as full-length APOAI, even if spots 11 and 12 showed a mixture with a central fragment of A1AT
suggesting a colocalization of these two protein species on the 2DE map (Table 2, Figure 4 and 5).
Among low abundant spots in reduced FT3 sera there were spots 24, 14 and 5Q, identi�ed respectively as
central, N-terminal and C-terminal fragments of APOAI (Figure 4). Two-dimensional western blot (2D WB)
results shown in Figure 4 con�rmed the abundance and the distribution of APOAI protein species with a
higher abundance of full-length APOAI in spots 4, 11, 12, 21, 22 and a lower abundance of the protein
fragments only in spot 24 in FT3 reduced condition.

At the same time, we were interested to validate A1AT proteomic data as well. While the highly abundant
spot 15 in reduced FT3 samples was identi�ed as A1AT full-length, spots 11, 12, 24 were identi�ed as a
mixture of a central fragments of A1AT and APOAI (Table 2; Figure 5, PMF identi�cation), making
impossible to evaluate A1AT abundance for these spots on 2DE. To overcome this problem, we applied a
2D WB approach using A1AT antibodies to validate and quantify A1AT protein pattern (Figure 5). The
results corroborated the identi�cation of spots 11 and 12 as A1AT and permitted to highlight differential
abundance of A1AT fragments revealing an opposite trend with respect to APOAI. Spot 24 identi�ed by
PMF as a mix of APOAI and fragment of A1AT (Table 2; Figure 5, PMF identi�cation), was con�rmed by
2DWB also as A1AT (Figure 5) and low abundant in reduced FT3 samples.

PCA and heatmap analysis

The PCA carried on the 31 DASs summarized the 95.6% (PC1:85.2% and PC2:10.4%) of the variance and
the two groups clusterized alongside the �rst component (Figure 6A). In addition, Figure 6B showed the
contributions of each signi�cant variant in the �rst two PCs highlighting spot 11, 12 and 22, identi�ed as
APOAI and fragments of A1AT, as the most signi�cant. Similarly, to PCA, the heatmap branching
separated the samples in two clusters corresponding to FT3 groups (Figure 6C).

Enrichment analysis

Enrichment analysis by MetaCore permitted the building of the network of molecular interactions related
to the identi�ed proteins. Figure 7 shows the protein network where thrombin, alpha1-antitrypsin, APOE,
Plasminogen and APOA1 were central functional hubs i.e proteins with a higher number of interactions
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with respect to the other proteins. Light blue lines in the interactome show the canonical paths delineated
in Table S-2 that also reports their relative GO biological processes. Three principal molecular paths such
as blood coagulation (yellow), complement system (orange) and lipoprotein particle remodeling (blue)
are evident.

Results by process network analysis showed that the in�ammation, induced by complement system,
Kallikrein-kinin system, IL-6 signaling, protein C signaling and innate in�ammatory response, represents
the central process where the identi�ed proteins are involved (Table 3). Indeed, all three molecular paths
highlighted on the protein network in Figure 7 suggest the activation of different pro-in�ammatory ways. 

Pathway Maps analysis highlights a strong involvement of the complement, blood coagulation and lipid
particle remodeling  with the terms “immune response by classical, alternative, lectin induced
complement pathways”, “Alternative complement cascade disruption in age-related macular
degeneration” and “Complement pathway disruption in thrombotic microangiopathy”, “blood coagulation”
and  terms such as “lipid metabolism”, “HDL-mediated reverse cholesterol transport” and “HDL
dyslipidemia in type 2 diabetes and metabolic syndrome X” (Table 4). Enrichment analysis by GO
biological processes in Table S-3, strongly support the involvement of lipoproteins metabolism and
remodeling. 

Discussion
Patients undergoing thyroidectomy are normally treated with LT4 replacement therapy but a substantial
proportion of them experience hypothyroid-like symptoms despite normal TSH levels. During LT4
replacement, levels of the active hormone FT3 was reported to be in the target range, only showing a
slight in�ection. Our previous study  reported that thyroidectomized patients carrying Thr92Ala
polymorphism are at increased risk of reduced intracellularand serum FT3 concentrations 5,10 but these
results did not explain completely as some patients, that complain symptoms of hypothyroidism, do not
report such polymorphism. To this purpose, we were interested to study serum protein pro�les of these
patients in order to understand if, to peripheral level, there were characteristics able to justify hypothyroid-
like symptoms. To this purpose, we perform a preliminary differential proteomic analysis of serum
samples in FT3 "reduced" and FT3 stable patients that highlights a differential protein pattern between
the two conditions. In particular, following enrichment analysis results, these altered proteins participate
in processes such as blood coagulation, complement activation and lipoprotein particles remodeling. All
these processes induce a proin�ammatory response that could be retained responsible of hypothyroidism
symptoms. In particular, blood coagulation suggests a proin�ammatory response by the dysregulation of
thrombin, plasminogen and alpha 1 antitrypsin, while complement activation can participate by altered
C3, C1q, C1s and CFAH levels that we found. In accordance with our results, Bitencourtet al indicated that
there is a connection between the immune system and thyroid hormones, sinceT3 and T4 hormones
affect the lytic potency of the complement system 11. In particular, we found an up-regulation of
fragments that could be generated during the classical, alternative or lectin induced activation of the
complement and that have important biological functions, including facilitation of phagocytosis,
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clearance of immunocomplexes, in�ammation, immuneresponse, and tissue homeostasis12,13. Indeed,
our process network analysis suggests that dysregulated proteins involved in blood coagulation and
complement system such as CFAH, C3, C1s, Thrombin, Plasminogen, Alpha 1-antitrypsin, are responsible
of in�ammatory processes both  by complement activation , kallikrein-kinin system (KKS) and IL-6
signaling. Complement and KKS are reported to be activated during vascular in�ammation14 and their
extensive activation on the endothelium promotes thrombosis, leukocyte recruitment, vascular
permeability and vascular wall injury 11,14. Basically, the complement, coagulation and �brinolytic system
lead to thrombo in�ammation which collectively lead to the activation of blood cells such as
polymorphonuclear cells, monocytes, platelets and endothelial cells (EC) lining the vessel15. Therefore,
altered coagulation processes and complement system activation that we found, could suggest the
presence of a potential vascular in�ammation in FT3 “reduced” patients as already reported in subclinical
hypothyroidism 16. Of interest, different studies associate higher serum levels of in�ammatory molecules
to the fatigue and migraine onset, a characteristic symptoms of hypothyroidism17–19 as well as to
depression20. Indeed, in�ammation related to a potential endothelial dysfunction, as suggested by our
data, was already reported in depression 21and may prove to be the cause for this illness also in FT3
reduced patients.

The role of thrombin and A1AT as central hubs of our protein network makes them potential biomarkers
of hypothyroidism symptoms despite values of TSH in the reference range. Moreover, their characteristic
protein fragmentation that we found, suggests a protein impairment in FT3 reduced serum that could be
responsible and peculiar for this condition. These diverse patterns of alpha1-antitrypsin fragment simply
different cleavage pathways occurring after thyroidectomy and FT4 replacement. Since the peculiar roles
of serpins in regulating proteases of plasma, mostly enzymes of blood coagulation, complement, and
in�ammatory systems22, the impaired fragmentation of A1AT, furtherly suggest an alteration of these
pathways in LT4-euthyroid thyroidectomized patients with reduced quality of life.

Thrombin fragments, that we identi�ed only in FT3 reduced patients, represent the heavy chain of the
protein, a carboxy-terminal fragment known as serineprotease domain23. The presence of A1AT and
THRB fragments not only reports to an alteration in coagulation processes but also to a serine
protease/serpins impairment, potential cause of hypothyroidism symptoms. Chadarevian R et al reported
that plasma levels of some components of the �brinolytic system correlated to plasma levels of T4 24

suggesting a possible correlation between FT4 replacement therapy modulation and coagulation
cascade.

Another interesting �nding of our study regards the lipoprotein particle remodeling pathway alteration
suggested by the dysregulation of APOA4, APOAI, APOE, albumin and haptoglobinBecause thyroid
hormone in�uences all aspects of lipid metabolism such as synthesis, mobilization, and degradation,
dyslipidemia is very common in thyroid disease25. In this case, APOAI and APOE, up-regulated in FT3
reduced patients in agreement with data reported by O'Brien et al 26, resulted central functional hubs of
our analysis suggesting their potential role as biomarkers. In particular, our experiments highlight an high



Page 8/19

abundance of the APOAI full-length and simultaneously, a decrease of APOAI central, N-terminal and C-
terminal fragments with respect to FT3 stable condition, accordingly with Jung et al25, and
demonstrating a speci�c resistance to proteolysis mechanisms. Dysregulation of APOAI management
could suggest a potential lipoprotein particle dysfunction. To this purpose, Jung et al also report that
increased HDL-cholesterol levels with impaired function persisted despite restoration of thyroid hormone
levels and that the concentration of APOE showed a similar pattern to that of HDL-cholesterol25 in
agreement with our results. Changes in thyroid function are associated not only with changes in the
concentrations of various plasma lipid components but also with changes in HDL functions 25 and our
results suggest a possible dysfunction in lipoprotein particle remodeling.

In light with our �ndings, enrichment analysis con�rms that the above-mentioned pathways induce pro-
in�ammatory responses by complement system activation but also by kallikrein-kinin system and by IL-6
signaling according to Zhou et al27that reported an increasing of IL-6 and TNF-α after hypothyroidism
induction in rats. Together, these results suggest an interrelationship between in�ammation and hormone
derangement 28, probably establishing a vicious circle re�ected in the impaired quality of life of "FT3
reduced" patients at physical and neurocognitive levels.

Materials And Methods
Patients’ population

Patients were selected from the study population evaluated in a previous published study included
patients submitted to total thyroidectomy. Inclusion criteria were: 1) thyroid pro�le data obtained within
10 months of surgery; 2) post-surgical thyroid pro�le obtained at least 6 months after achievement of a
stable thyroid hormone status on LT4 therapy; 3) pre- and post-surgical serum TSH levels not different by
more than ± 0.5 mIU/L. Patients with an abnormal thyroid pro�le (hypo- or hyperthyroidism) before
surgery, patients receiving drugs that can interfere with thyroid function, and patients affected by
malabsorption-related conditions were excluded.

We arbitrarily selected a change of at least 0.5 pg/ml as a signi�cant variation between pre- and post-
surgical FT3 value. According to this criterion, patients were classi�ed as having “reduced FT3” when
post-surgical FT3 levels were at least 0.5 pg/ml lower than pre-surgical FT3 values. In all patients FT3
levels were into the normal range before and after surgery and no difference between pre- and post-
surgical TSH levels were observed [5]. From our previous cohort we selected postsurgical sera of 8
patients (4 patients with “reduced FT3” and 4 with “unchanged FT3”). In the "reduced" group we included
only patients complaining with lower physical and neurocognitive wellbeing after surgery despite target
TSH levels. The study cohort included 62.5% of females with a mean age of 61.4±13.8 years (range 37-
80 years) and with thyroid nodular disease. At �nal histology, 7/8 (87.5%) patients had differentiated
thyroid carcinoma and 1/8 (12.5%) had a benign goiter. Immediately after surgery, patients were treated
with LT4 to obtain comparable pre-surgical TSH levels, with a mean dose of 114.9 ug/day and a mean
dose/kg of 1.54 ug of LT4.Fasting blood samples were collected at 08.00-09.00 hours before patients
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assumed the LT4 tablet, and all determinations were performed with a chemiluminescent immunometric
assay (Access Immunoassay Systems 2006, Beckman Coulter, Milan, Italy). Normal ranges were 2.5-4.5
pg/ml for FT3, 5.8-16.4 pg/ml for FT4 and 0.4-4-0 mIU/L for TSH.

All methods and procedures were carried out in accordance with relevant guidelines and regulations. The
study was approved by our local ethical committee "O�ce of Ethical Affairs. Azienda Ospedaliero-
Universitaria Senese". Informed consent was obtained from all subjects enrolled in the study.

Proteomic and enrichment analysis

Blood was collected directly into serum tubes (BD vacutainer, SST II Advance, Plymouth UK) and
centrifuged for 10 min at 1690 xg. The serum was recovered and stored at −80 °C until proteomic
analysis. Samples were prepared and resolved by two-dimensional electrophoresis (2DE), according to
Landi C et al29. MALDI-ToF mass spectrometry by Peptide Mass Fingerprint (PMF) was considered for
protein identi�cation 30. The data analysis of relative percentage of spot volume was carried out using
RStudio Desktop 1.1.463 (Integrated Development for RStudio, Inc., Boston, USA,
https://www.rstudio.com). Firstly, a prelaminar unsupervised analysis focused on the most 100 variant
spots as data quality control. The signi�cant changes in protein abundance between the Reduce FT3 and
Stable FT3 groups was obtained by limma tool employing linear models and empirical Bayesian
methods31,32. Spots presenting p-value lower than 0.05 were considered as signi�cant and were
submitted to Heatmap and Principal Component Analysis (PCA). In particular, spots and samples were
clustered in the Heatmap according Ward's minimum variance method and Euclidean distance. The
UniProt accession numbers of the identi�ed proteins were used to perform enrichment analysis by
MetaCore software (https://portal.genego.com) (Clarivate analytics, Boston, MA). 

Bidimensional Western Blot validation of A1ATand APOAI fragmentation

After bidimensional electrophoresis separation, proteins were transferred onto nitrocellulose membrane
(Hybond ECL, GE Healthcare) 33–35. Ponceau Red staining (0.2% w/v Ponceau S in 3% v/v trichloroacetic
acid) of the membranes was performed to verify correct protein transfer and to assess equal protein
loading (data not showed). Western blot analysis was performed using: goat polyclonal antibodies
against alpha 1 antitrypsin (Santa Cruz) andmouse monoclonal anti-apolipoprotein AI (Santa Cruz. Anti-
goat and anti-mouse secondary antibodies were purchased from Sigma Aldrich. All antibodies were
diluted according to the manufacturer's instructions and chemioluminescent signals, obtained after using
an ECL kit (GE Healthcare), were captured at different time-points of exposure. The digital 2-D western
blot images were visualized by Image Master platinum 7.0.

Conclusions
Despite biochemical characteristics of subjects that report TSH and FT3 levels in the reference range
during LT4 replacement therapy, some thyroidectomized patients, with FT3 reduced in the physiological
range, complain symptoms of hypothyroidism. Comparing serum proteomes,we found that in FT3
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reduced patients, protein pro�les strongly suggest a behavior similar to overt hypothyroidism with
dysregulation of complement activation, blood coagulation and lipoprotein particle remodeling. Moreover,
a characteristic APOAI, A1AT and THRB degradome was highlighted. Together these molecular ways
sustain a pro-in�ammatory response also by kallikrein-kinin system and by IL-6 signaling that in part
could suggest the hypothyroidism symptoms.

In conclusion, our results suggest that LT4 replacement therapy might not restore body tissues
euthyroidism in all thyroidectomized patients, despite TSH levels is in the normal range. Further
prospective studies, including a large cohort of patients, will be needed to con�rm and amplify our
results.
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Table 1. Comparison of post-surgical thyroid hormone levels between "reduced" and "unchanged" FT3
patients.

Table 2. Table reports Mascot search results by Score, number of matched peptides and sequence
coverage. Spot numbers correspond to that in Figure 2 and Table S1. Moreover, Table also reports
UniProtKB protein description, abbreviation, accession number (AC), theoretical pI and MW and the %V
protein ratio in stable (S) and reduced (R) FT3 samples.

Table 3. Process networks by MetaCore software reporting p-values, FDR and network objects from active
data.

Table 4. Pathway Maps by MetaCore software reporting p-values, FDR and network objects from active
data.

 

Supplemental table captions

Table S1. Table reporting the 31 signi�cant differentially abundant spots between Reduced FT3 and
Unchanged FT3 groups.  Spot numbers correspond to that of Table 1 and Figure 2. Moreover, are also
reported UniProtKB protein description, abbreviation, accession number (AC), %V mean and standard
deviation in unchanged and reduced FT3 samples, p-values, F.p values and the %V mean ratio between
Stable and Reduced FT3.

Table S2. Canonical paths reported in the protein network in Figure 7 (edges highlighted in light blue). GO
biological processes are reported for each canonical path together with p-values.

Table S3. GO biological processes enrichment analysis by MetaCore software. Table also reports p-
values, FDR and network objects from active data.

 

Supplemental Figure captions

Figure S1. Histograms of the 31 signi�cant differentially abundant spots (DAS) between Reduced FT3
and Unchanged FT3 groups. In particular, the A section reports the highly abundant spots in reduced FT3
while the B section reports the low abundant spots.

Figures



Page 14/19

Figure 1

Figure reports the volcano plot emphasizing the 31 signi�cant differentially abundant spots (DAS)
between Reduced FT3 and Unchanged FT3 groups. Red dots and blue dots respectively represent up-
regulated and down-regulated proteins in reduced FT3 samples.
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Figure 2

Electrophoretic maps of Reduced and Unchanged FT3 samples highlighting the differential spots found.
Numbers correspond to that in Table 1 and Table S-1.

Figure 3

Protein identi�cation by Peptide Mass Fingerprint (PMF) of spots 1Q, 2Q and 3Q corresponding to
Prothrombin. In particular, the identi�cation highlights the C-fragment of thrombin (from aa 364 to 622)
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corresponding to thrombin heavy chain in UniProt database. (Figure magni�cation is part of the gel
image in �gure 2 “Reduced FT3”).

Figure 4

Protein identi�cation by PMF of spots 4, 11, 12, 21, 22 as APOAI full-length and protein identi�cation of
spot 5Q as C-terminal fragment, spots 24 as central fragment and 14 as N-terminal fragment of APOAI.
These spots are well visible on the 2D gel highlights. 2DWB with the antibody against-APOAI was also
performed to visualize APOAI subproteome. 2DWB spot abundance expressed as volume, con�rm the
2DE spot abundance expressed as percentage of relative volume (%V). (2DWBs reported in �gure are the
entire WB membrane images).
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Figure 5

Protein identi�cation by PMF of spot 15 corresponding to the A1AT full-length, while spots 12, 11, 24
identi�ed central fragments of A1AT. These spots are well visible on the 2D gel highlights. 2DWB with the
antibody against-A1AT was also performed to visualize A1AT subproteome. 2DWB abundance of spots
12 and 11 expressed as volume, shows an opposite behavior with respect to 2DE spot abundance
expressed as percentage of relative volume (%V). Instead, 2DWB abundance of spot 24 corresponds to
2DE abundance. (2DWBs reported in �gure are the entire WB membrane images)
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Figure 6

(A) PCA carried on the 31 DASs summarized the 95.6% (PC1:85.2% and PC2:10.4%) of the variance and
the two groups clusterized alongside the �rst component. (B) PCA reporting the contributions of each
signi�cant variant in the �rst two PCs highlighting spot 11, 12 and 22, identi�ed as APOAI and fragments
of A1AT, as the most signi�cant. (C) Heatmap branching of the 31 DASs separates samples in two
principal clusters corresponding to FT3 groups.
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Figure 7

Protein network built by MetaCore software uploading the 31 DASs. Thrombin, alpha1-antitrypsin, APOE,
Plasminogen and APOA1 were central functional hubs, circled in red. Three principal molecular paths
were circled by dashed lines respectively in yellow corresponding to blood coagulation, orange as
complement system and blue as lipoprotein particle remodeling.
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