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tor, the integrin av33. Therefore, THs are able to induce the survival and growth of TCL. Specifically, the
signaling induced by THs through the integrin av[33 activates proliferative and angiogenic programs,
mediated by the regulation of the vascular endothelial growth factor (VEGF). The genomic or pharmaco-
T cell ymphoma logic inhibition of integrin av33 reduces the production of VEGF and induces cell death both in vitro and
Integrin avp3 in xenograft models of human TCL.
Proliferation Here we review the mechanisms involved in the modulation of the physiology of TCL induced by THs,
Angiogenesis the analysis of the interaction between genomic and nongenomic actions of THs and their contribution to
T cell lymphomagenesis. These actions of THs suggest a novel mechanism for the endocrine modulation
of the physiopathology of TCL and they provide a potential molecular target for its treatment.
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1. Introduction

Thyroid hormones (THs), triiodothyronine (T3) and thyroxine

- (T4) modulate several physiologic processes and are critical for

* Corresponding author at: BIOMED-UCA-CONICET, Av. Alicia Moreau de  the growth, development, differentiation and the maintenance of
Justo 1600, 3rd floor, C1107AAZ, Ciudad Auténoma de Buenos Aires, Argentina. . . .

Fax: +54 11 43490200 metabolism and homeostasis [1]. The effects of THs are mainly

E-mail addresses: graciela_cremaschi@uca.edu.ar, gacremaschi@gmail.com mediated by classical signaling mechanisms initiated by T3 bind

(G.A. Cremaschi). to their nuclear receptors (TR). These receptors interact with

http://dx.doi.org/10.1016/j.phrs.2016.02.001
1043-6618/© 2016 Elsevier Ltd. All rights reserved.


dx.doi.org/10.1016/j.phrs.2016.02.001
http://www.sciencedirect.com/science/journal/10436618
http://www.elsevier.com/locate/yphrs
http://crossmark.crossref.org/dialog/?doi=10.1016/j.phrs.2016.02.001&domain=pdf
mailto:graciela_cremaschi@uca.edu.ar
mailto:gacremaschi@gmail.com
dx.doi.org/10.1016/j.phrs.2016.02.001

56 G.A. Cremaschi et al. / Pharmacological Research 109 (2016) 55-63

specific responding elements (TREs) within the promoters of tar-
get genes, thus regulating their transcription [2,3]. Two different
genes encode these receptors: the THRA, that is located in the chro-
mosome 17, and the THRB located in the chromosome 3, codifying
for the TR and TR proteins, respectively [4]. Different expression
patterns of these isoforms have been found during the embryonic
development or in adult tissues [1]. The TRa1 is mainly expressed
in brain, heart and skeletal muscle, the TRB2 is mostly expressed in
brain, retina and inner ear, while TR[33 is expressed in kidney, liver
and lung [4]. There are also other truncated isoforms which are not
active. Mutations of TRs have been detected in several cancers, such
as erythroleukemia and liver, kidney and thyroid cancers [5,6].

THs actions on the cell physiology are also exerted through non-
classical mechanisms, originally called nongenomic, as they do not
implicate the direct transcription of genes by TRs. These mecha-
nisms are quick and involve the activation of intracellular signaling
cascades which finally lead to the activation of transcription factors,
thus indirectly regulating gene transcription [3,7]. Many of these
non-classical mechanisms have been demonstrated to be mediated
by a plasmatic membrane receptor (mTR), although they can also
begin at receptors in the mitochondria or cytoplasm [8]. Several
studies have identified the integrin avf33 as the mTR [9] in dif-
ferent tissues, such as blood vessels and heart [7]. This integrin is
the receptor for vitronectin, and is a member of the superfamily
of glycoproteins of adhesion molecules that mediate the binding
of cells to the extracellular matrix through the recognition of the
conserved sequence RGD (Arginine- Glycine-Aspartate) of many
plasmatic and matrix proteins. An interesting data is that this inte-
grin is mainly expressed in cancer cells, proliferating endothelial
and vascular smooth muscle cells and osteoclasts [10]. The tumor
growth, its invasiveness and metastatic dissemination are highly
associated with angiogenesis. Several evidences demonstrate that
the THs stimulate the production of angiogenic factors in the T lym-
phoma cells through their interaction with the integrin av33 [11].
Therefore, the presence of integrin av[33 in the vascular endothe-
lium and in the tumor cells could explain the proangiogenic and
proliferative effects of THs on some cancer cells, including gliomas
[4].

Studies performed in several human cancer cell lines, such as
breast adenocarcinoma [12], papillary and follicular thyroid carci-
noma [13], glioma [14] and lung carcinoma [15], showed that the
treatment with physiological concentrations of T3 and T4 induces
the activation of intracellular signaling pathways that involve the
extracellular signal-regulated kinases (ERK), leading to cell prolif-
eration. These effects were blocked when the cells were pre-treated
with the RGD peptide. Also an ERK-independent, PI3 K dependent
mitogenic nongenomic effect of THs was demonstrated in pancre-
atic and ovarian cancer cell lines [16]. Therefore, THs bind to the
integrin avP3 within the plasmatic membrane and initiate nonge-
nomic actions that activate intracellular signaling cascades leading
to the proliferation of tumor cells.

We here review the actions that THs exert upon normal T
lymphocytes and T lymphoma cells, as well as their impact in T
lymphomagensis, with special focus in the potential targeting of
the mTR for lymphoma treatment.

2. Thyroid hormone receptors and actions in T lymphocytes

All the cells of the immune system have receptor for THs indicat-
ing their important role in the physiology of the immune system.
As an example, the existence of TRs in normal human lymphocytes
[17] and in murine L1210 leukemia cells [18] was demonstrated.
Also, the presence of TRB1 mRNA in human lymphocytes at similar
levels than those found in normal thyroid tissues, was described
[19]. We found the presence of TRa1 in both murine [20] and

human [21] normal and tumor T cells. This expression indicates
that there is an important interaction between the thyroid axis
and immune system. The existence of this relationship is strength-
ened by the alterations frequently observed in immunity during
the physiological or pathological fluctuations of TH circulating lev-
els [22-24]. Experimental hypothyroidism in rodents, induced by
thyroidectomy or by anti-thyroid agent administration, lead to a
decreased activity of the thymus, and to the involution of the spleen
and lymph nodes, effects that were reversed by the treatment
with THs [22,25]. According to these findings, the depression of
humoral and cell-mediated immune responses was also observed
[26-31]. The immunological disorders occurring during hypothy-
roidism contribute to the severity of the disease in mice infected
with the respiratory syncytial virus [32]. In humans, hypothy-
roidism also leads to immunosuppression with clinical impact in
different disease conditions. Schoenfeld et al. [33] described the
suppression of cell mediated immunity in severe hypothyroidism,
as well as restoration of lymphocyte function during the gradual
return to the euthyroid state. A decrease in the number of circulat-
ing leukocytes, mononuclear cells and lymphocytes was described
in hypothyroid patients [34]. In accordance, children with congen-
ital hypothyroidism display a major deficiency of serum IgA and
IgM levels [35]. Hypothyroidism may also aggravate the outcome
of serious viral infections and sepsis [36-38].

Despite some controversial results, most studies demonstrate
that hyperthyroid experimental conditions up regulate immune
responses. An increase in the size and cellularity of the spleen,
plasma cell differentiation, primary antibody responses, and T or
B lymphocyte activation was observed in animals with high levels
of circulating THs [22,27,29,39,40].

Immune competence declines with age, and this is gener-
ally associated with increased susceptibility to infections and
malignancies [41]. Also, a relation between aging and altered
pituitary-thyroid axis with high thyrotropin levels was shown [42].
Astudy in healthy elderly subject demonstrated that serum THs lev-
els were positively correlated with several immune markers such
as, markers of inflammation, proportion of NKT cells, IL-6 expres-
sion in activated monocytes, percentage of memory T lymphocytes,
and IL-2 receptor density in T cells [43]. In contrast, the concen-
tration of THs was inversely associated with early lymphocyte
apoptosis and the relationship between naive T cells and cytotoxic
T lymphocytes [43]. Similar findings indicating that THs would be
involved in reduced immunity due to aging was described in aged
mice, in which immune function was restored by administration
of T4 [31]. These results highlight the relationship between thy-
roid and immune function in healthy elderly individuals and the
importance of their role under physiological conditions.

Despite the several evidences showing the influence of thy-
roid status on immune responses and inflammation [24,44], only
few studies have reported the direct effects of THs on cells of the
immune system and the participation of nongenomic mechanisms
in this regulation [45]. In this way, integrin av[33 expressions was
demonstrated in THP-1 human leukemic monocyte cells, where
THs were shown to stimulate the production of reactive oxygen
species (ROS) and cell migration, effects that were blocked by
the RGD peptide and that involved ERK1/2 and PI3 K/Akt path-
ways [45]. THs were also shown to increase the production of ROS
on human polymorphonuclear leukocytes, via a pertussis toxin-
sensitive nongenomic mechanism that involves PKC and calcium
intracellular pathways [46]. Also, both T3 and T4 enhance bac-
tericidal activity of murine macrophages infected with Neisseria
meningitides by nongenomic pathways involving the PI3 K and
ERK1/2 kinases and initiated via the integrin av33 [47].

In addition, T3 was shown to induce the maturation and acti-
vation of dendritic cells, through the activation of a cytoplasmic
TRRB1 receptor leading to the PI3K-independent phosphorylation



G.A. Cremaschi et al. / Pharmacological Research 109 (2016) 55-63 57

Fig. 1. Genomics and nongenomics actions of THs on TCL.
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THs induce signaling pathways lead to the proliferation and survival of TCL through interaction with their nuclear receptors or the integrin av33. Nongenomics pathways
involve rapid activation of PKC(, the ERK1/2 phosphorylation and NF-kB translocation to the nucleus. The genomic and nongenomic signals converge in the transcription of
specifics genes required for cell proliferation, survival and angiogenesis, such as cell cycle regulators, VEGF, and probably other angiogenic regulators.

of Akt [48,49]. On cells from the adaptive immune response, we
showed that normal T lymphocytes, displayed very low levels of
the mTR, the integrin av3 [21], and that THs were not able to
exert the rapid activation of the intracellular signals involved in T
cell proliferation [50]. Despite this, and as observed in other tumor
cells, the mTR was found overexpressed in both murine [20] and
human [21] T cell lymphomas (TCL), leading to the possibility of
the participation of the integrin av33 in T cell lymphomagenesis.

3. Direct action of THs on TCL lines. Genomic and
nongenomic mechanisms

T cell lymphomas are a heterogeneous group of aggressive lym-
phoproliferative disorders of considerable clinical, morphologic,
immunophenotypic and genetic variation, accounting for approx-
imately the 10-15% of the total lymphoid malignancies [51,52].
With an approximate annual incidence of 1.77 per 100,000 popula-
tion, its frequency varies geographically and its incidence increases
1-2% per year [53]. They usually affect adults and are more com-
monin menthaninwomen. The average age of diagnosisis 61 years,
ranging from 17 to 90 years [53]. These lymphomas are a result of
the exacerbated proliferation of mature post-thymic lymphocytes.
Natural killer (NK) cell neoplasms are also included in this group.
The last World Health Organization classification of hematopoi-
etic malignancies has divided this group of disorders into those

with predominantly leukemic (disseminated), nodal, extra-nodal
or cutaneous presentation [51,54].

The most common types are those of nodal presentation, that
include the peripheral T cell lymphoma not otherwise specified
(PTCL-NOS), the anaplastic large cell lymphoma and the angioim-
munoblastic TCL [54]. Although rare, cutaneous TCL deserved to be
mentioned, as the skin is the second location in frequency of extran-
odal primary lymphomas [55]. The TCL can be exposed to a complex
environment, formed by many growth factors, cytokines and hor-
mones that are synthesized by neighbor or distal cells [56]. In our
laboratory, we have demonstrated in the last years that one of the
factors that regulate the biology of TCL are THs [20,21,50,57,58].

Studies performed with free THs or agarose-coupled THs (TH-
AG, which are incapable of crossing the cell membrane) have
demonstrated that the genomic and nongenomic actions of THs
contribute to the proliferation of human and murine TCL lines.
Additionally, these studies indicated the participation of a mTR in
the rapid effects of THs in these cells [20,21,50]. The nongenomic
signaling triggered by THs through the mTR in murine TLC involves
the rapid translocation of the { isoform of protein kinase C (PKC{)
to the cell membrane, essential for the proliferation and survival of
TCL [50,57], the nongenomic phosphorylation of ERK 1/2 kinases
and the activation of the transcription factor NF-kB [20,57].

We have recently demonstrated that the integrin av33 is the
mTR in human TCL lines. Thus, in a panel of 9 TCL lines of the differ-
ent subtypes of human TCL, we have demonstrated the proliferative
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action of THs. This effect was blocked by the RGD peptide and was
not observed when the expression of the integrin acv[33 was inhib-
ited using small interfering RNA (siRNA) for the integrin av or 33
[21]. Additionally, we have evidenced in immature and mature TCL
that these effects were accompanied by the regulation of the cell
cycle. According to this, in breast cancer cells the tetraiodothy-
roacetic acid (TETRAC), that inhibits the effects of THs on the mTR,
led to an increase in the expression levels of proapoptotic genes,
which demonstrates that THs are necessary for cell survival [7,59].

Using RNA sequencing techniques and bioinformatics, we
identified in TCL the transcriptional programs activated by
THs through their membrane receptor. Among these genes,
we found some related to protein translation, lymphocyte
proliferation/differentiation, DNA replication and angiogenesis.
Interestingly, we verified an increment in the mRNA levels of the
vascular endothelial growth factors (VEGF), VEGFA and VEGFB.
Besides being mediated via the mTR activation, this effect was
dependent on the activation of the transcription factor NF-kB, as
no increase of VEGF levels was detected in cells pre-treated with a
NF-kB inhibitor [21]. This association between integrin av33 and
VEGF was also evidenced in PTCL patient samples, as a positive
correlation between the mRNA levels of the integrins av or 33 and
the VEGFA or VEGFB gene. We also demonstrate that THs induce
the production of VEGF functional angiogenic factors in TCL, func-
tioning in a paracrine or autocrine manner. In fact, THs were able
to increase the migration of human endothelial cells, as well as to
induce tumor cell proliferation mediated by THs. Bevacizumab, a
blocking antibody against VEGF, abrogated both effects. Also, the
proliferative action of THs on TCL was impaired by Axitinib, a phar-
macologic inhibitor of the VEGF receptor [21]. These results are
summarized in Fig. 1.

The ability of THs to induce the expression of VEGF receptors
and their ligands, the fibroblast growth factor (FGF), the platelet-
derived growth factor (PDGF) and the epidermal growth factor
(EGF), as well as some angiogenic chemokines, has also been
demonstrated in other tumor cell types [60]. THs can also increase
the activity of bradykinin and angiotensin II, which contribute to
vascularization [60]. In human breast cancer cells treated with
TETRAC the proliferative and proangiogenic action of THs was
blocked through the inhibition of the angiogenic effects of VEGF
and FGF [7,59].

In summary, both proliferation programs, initiated by THs
through their nuclear and membrane receptors, favor the survival
and proliferation of TCL, contributing to their malignant phenotype.

4. Possible use of the mTR as a therapeutic target for the
treatment of TCL

Based on the above, it could be expected that the circulating
levels of THs, would influence the tumor microenvironment in
patients with TCL and determine their development and/or pro-
gression. Therefore, decrease of circulating levels of THs, leading
the hypothyroid state, would be an attractive alternative adjuvant
therapy for impairing cancer cell growth and angiogenesis. How-
ever, there are no concluding evidences about the effect of thyroid
status on tumor processes. The greatest controversial results come
out from the analysis of the relation between thyroid disease and
cancer risk or incidence in human epidemiological studies. Exper-
imental evidences also show that the thyroid status may influence
cell components of the anti-tumor immunity, which would explain
in part some controversial results also found at this level on the
effect exerted by hypothyroidism and hyperthyroidism in tumor
growth in vivo. A brief summary of these findings is highlighted
below.

4.1. Thyroid status and tumor progression

Several epidemiological studies have evaluated if cancer is asso-
ciated with alteration in thyroid status. Both hyperthyroidism and
hypothyroidism were shown to influence cancer development.
However the final consequence of this influence depends on the
sampled population and the tumor type. Excellent reviews have
been published in the last years on this respect [61-65]. Some
examples of these studies are shown in Table 1 for hyperthyroid
conditions and Table 2 for hypothyroidism. Thus, hyperthyroidism
has been described as arisk factor for the development of pancreatic
[66] and oesophageal [67]. Also, Hellevik et al., [68], found a higher
risk of lung and prostate cancer in patients with hyperthyroid
function. The risk was elevated both in subclinical hyperthyroid
patients, as well in those with overt hyperthyroidism, being the
risk stronger in this last patients [68]. Biochemical alterations in
thyrotropin and thyroid hormone levels could be related to a non-
thyroidal disease status caused by cancer, so the association would
be caused by cancer leading to low thyrotropin levels instead of
a hyperthyroid function. To rule out this possibility, the authors
started follow-up 2 years after laboratory measurements and with
this approach, the association of hyperthyroid function with cancer
risk was strengthened [68].

Also, for prostate [71] and breast [70] cancer an association
between high levels of T3 and cancer development has been shown.
Furthermore, for prostate cancer an association between T3 levels
and a higher risk of disease recurrence in those with advance dis-
ease (stages T2c and T3) was found [69]. Despite hyperthyroidism
was also shown to be a risk factor for ovarian cancer [72], no signif-
icant association of self-reported history of hypothyroidism and
hyperthyroidism with either endometrial or ovarian cancer risk
was found in a large-cohort study performed by Kang et al. [73].

Respect to digestive system cancers, TH signaling has been asso-
ciated to the prevention of disease [63], and accordingly it was
demonstrated that long-term thyroid hormone replacement treat-
ment in hypothyroid patients was related to a significantly reduced
relative risk of colorectal cancer [74,75]. Also, increased risk of
hepatocellular carcinoma in hypothyroid subjects was also demon-
strated by 2 case-control studies [76,77]

However contradictory results were found in the relation
between hypothyroidism and the development of other cancer
types. Thus, Cristofanilli et al. [78] have described a lower inci-
dence of breast carcinoma in patients with hypothyroidism and
Backwinkel and Jackson [79] found a 5 month longer survival in
hypothyroid respect to euthyroid breast cancer patients. However,
in this last study a significantly lower survival time was found
associated to hypothyroidism in the presence of metastasis. Also,
hypothyroidism was shown to be a risk factor for the develop-
ment of breast cancer [80] and a negative correlation between
proliferation index and free T3 levels were found in HER2 posi-
tive breast cancer patients [81]. Contributing to this controversy, a
recent meta-analysis showed no association with increased risk for
breast cancer and THs replacement therapy does not reduce breast
cancer prevalence [82].

Hypothyroidism was also shown to reduce the risk for prostate
[83] and, to improve the survival of head and neck cancer patients
[84]. Hercbergs et al. [85] have shown the spontaneous remis-
sion of a nonsmall cell lung cancer in a patient that survives a
mixedema coma, and prolonged recurrence-free survival and 3-
fold increased survival rates have been reported in association
with chemical- induced hypothyroidism in two clinical trials for
glioblastoma [86,87].

Experimental evidences using tumor models in hyperthyroid
or hypothyroid animals were not able to clarify the role of thy-
roid status on tumor establishment and progression. Most studies
demonstrate that tumor-bearing hypothyroid animals displayed
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Table 1
Some studies on hyperthyroidism relation with different types of cancers.

Hyperthyroidism

Cancer type Study type No. of cases Clinical relevance Refs.
Pancreatic Case-control 532 Pts, 1701C Increased risk [66]
Oesophageal Prospective 102 Pts, 160C Significantly higher incidence in Pts than in C [67]
Colorectal Nested case-control 20990 Pts, 82054C  Modestly elevated risk [75]
Lung (LC) Prospective 192 LC Pts Increased risk [68]
Prostate (PC) 326 PC Pts
Prostate Comparative 68 Pts Association with high risk of disease recurrence [69]
161 Pts, 27C Mean serum T3 in Pts increased significantly vs C [71]
Ovarian Case-control 767 Pts, 1367C Increased risk [72]
Endometrial (EC) Prospective 1314 EC Pts, No association [73]
Ovarian (OC) 1150 OC Pts
Breast Prospective cohort 2185 Pts Association with risk of cancer development in peri/postmenopausal women  [70]

Pts: Cancer patients; C: Controls.

Table 2
Examples of hypothyroidism impact on different types of cancers.

Hypothyroidism

Cancer type Study type No. of cases Clinical relevance Refs.
Colorectal Nested case-control 20,990 Pts, 82054 C Modestly elevated risk in untreated Pts Decreased risk [75]
with long-term hormone replacement therapy
Hepatocellular Case control 420 Pts, 1104 C Increased risk in women [77]
carcinoma Case-control® 54 Pts, 57 HCV,49 ALD Increased risk in Pts with unknown etiology [76]
Lung Case report 1 Pts Spontaneous remission following myxedema coma [85]
Prostate Randomized controlled trial 402 Pts, 800 C Reduce Risk [83]
Endometrial (EC) Prospective 1314 EC Pts, No association [73]
Ovarian (OC) 1150 OC Pts
Breast Comparative 280 Pts Pts 5 months more survival than C [79]
Significantly lower survival time in the presence of
metastasis
Case control 1136 Pts, 1088 C Reduce risk [78]
Head and neck Retrospective 155 Pts Improved survival and increased recurrence-free survival [84]
Glioblastoma Clinical trial® 22 Pts 3-fold increase in survival duration [86]
multiforme Case report 1 Pts Extended remission period and prolonged overall survival ~ [87]

Pts: Cancer patients; C: Controls.

2 Cross-sectional associations between underlying liver disease in hepatocellular carcinoma (HCC) and hypothyroidism. HCC Pts seen with no underlying etiology for
chronic liver disease; HCV: HCC patients with Hepatitis C virus infection; ALD: HCC patients with alcoholic liver disease.

b Chemoterapy plus chemical induce hypothyroidism with propylthiouracil.

reduced tumor growth and prolonged survival than euthyroid
counterparts [62]. Thus, analysis of MNU-induced mammary car-
cinogenesis in rats with different thyroid status showed that
the hyperthyroid group had a statistically higher tumor burden
than euthyroid animals after 38 weeks post MNU injection, while
hypothyroid rats had no tumors of mammary tissue origin at the
same time [88]. Similarly, T4-induction of a hyperthyroid state
increased sarcoma tumor growth and dissemination in syngeneic
mice [89]. Otherwise, hypothyroidism lead to the inhibition of local
growth rate of Morris Hepatoma implanted in rats, while decreas-
ing tumor spreading and prolonging rat survival [90]. However,
Frau et al. [91] has recently reported that hypothyroidism induc-
tion in an experimental model of liver carcinogenesis, favors the
progression of preneoplastic lesions to a malignant carcinoma.
This was accompanied by a decrease in the expression of TRs and
their target genes, while T3-induced hyperthyroidism leads to con-
trary effects and to the regression of hepatic nodules [91]. The
physiological loss of TR, either by gene deletion or mutation, was
already related to the development, progression and dissemina-
tion of several cancers [for review see 92]. Therefore, the possible
participation of this additional factor has to be considered.

In addition, decreased tumor growth was reported for human
prostate and lung adenocarcinoma xenografts in hypothyroid
athymic nude mice [62,93]. Martinez-Iglesias et al. [94] showed
that hypothyroidism resulted in a decreased rate of tumor growth,

butanincreased development and number of metastases, in murine
xenograft models of human hepatocarcinoma and breast can-
cer. We have described similar findings on the in vivo growth
of murine TLC in syngeneic animals with different thyroid sta-
tus [58,95]. Hyperthyroid mice exhibited increased tumors along
with increased expression of proliferating cell nuclear antigen
and cell cycle regulators compared to hypothyroid and control
tumor-bearing mice [58,95]. Also, they displayed an increased
intratumoral and peritumoral vasculogenesis [58] and a lower
number of tumor-infiltrating T lymphocytes with lower percent-
age of functional IFN-y-producing CD8+ T cells [95]. However,
hypothyroid mice showed a higher frequency of metastases than
the other groups, similar to was found in breast cancer patients
in which hypothyroidism was associated with significantly lower
survival in the presence of metastasis [79]. In our hypothyroid ani-
mals, tumor dissemination was shown to be related to the thyroid
status modulation of anti-tumor immunity, as lower number and
activity of splenic NK and cytotoxic CD8* T cells were found in
the spleens of hypothyroid respect to hyperthyroid tumor-bearing
mice [95]. This results can be explained under the light of thyroid
status influence on immunity as discussed before, and poin out
that in addition to hormones, immune cells in tumor microenvi-
ronment also influence tumor destiny. Remembering that TH exert
proangigenic actions on TCL cells that display increased levels of the
integrin av[33, while normal T cells do not, inhibition of TH actions
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Fig. 2. Hormonal and inmune factors of the tumor microenviroment interplay to regulate T lymphomas growth and metastases dissemination.

THs induce tumor proliferation and angiogenesis through activation of nongenomic and genomic pathways. In addition, THs stimulate antitumor immunity contributing to
control of tumor spreading (upper panel). Specific inhibitors of integrin av33 block the nongenomic actions mediated by THs, which leads to a lower rate of tumor growth.
Inhibition of integrin av33 does not affect the antitumor response, which is modulated by the THs mainly through of the genomic pathways. Furthermore, the selective
inhibition of the integrin av33 could be an attractive therapeutic target for TCL patients therapy (bottom panel).

at this levels would be a potential adyuvant therapy against TCL
progression.

4.2. Inhibition of TH actions at the integrin av 3 receptor for TCL
treatment

It has been well accepted that anti-angiogenic therapy can be an
adjuvant treatment for various types of tumor with relative success
[96]. Also, we have already discussed the pro-angiogenic action of
THs on several types of cancer [11]. Taking into account our results
on the proliferative and proangiogenic roles of THs mediated by the
mTR in TCL lines, we used preclinical models to analyze whether
these pathways could be capitalized for the treatment of patients
with TCL. We performed xenografts of human TCL in NOD-SCID
immunodeficient mice and we evaluated the effect of the inhibition
of the integrin av[33 on the tumor growth. The negative regulation
of the integrins av or 33 in TCL by siRNA reduced the tumor vol-
ume and decreased the expression levels of VEGF and the blood
vessel area in the tumor [21]. This suggests a decrease in the angio-
genic potential of tumors originated from cells that do not express
mTR. Moreover, the growth of tumors in immunodeficient animals
transplanted with PLCT-NOS cells or patient-derived tumors xeno-
transplanted in mice was significantly reduced by treatment with

cilengitide [21], a selective pharmacologic inhibitor for integrin
avf3, at present used in the clinic for the treatment of other tumors
[97]. It is worth to notice that no toxic effects of cilengitide were
observed in these animals. Cilengitide is at the present time under-
going phase IlI clinical trials in patients with glioblastoma [98] and
phase II clinical trials with other types of solid tumors [99-101].
Given that integrin av33 is mainly expressed in malignant cells
[102], these results point out the importance of these mechanisms
for the development of an effective and low toxicity treatment for
patients with TCL.

In support to the role of integrin av33 in cancer, an observa-
tional study on unselected terminal patients with incurable solid
tumors showed that medical induction of hypothyroxinemia, with
T3 or the anti-thyroid drug methimazole plus T3, extended sur-
vival in the majority of patients [103]. This was based on the fact
that the integrin av[33 affinity for T4 is greater than that for T3 in
many cell types [9], and that T4 is a more potent inducer of tumor
cell proliferation than T3 [104]. Furthermore, the inhibition of T4
and T3 binding to the integrin av33 by the non-cell permeable
T4 analog, tetraiodothyroacetic acid (tetrac), covalently attached
to a nanoparticle (Nanotetrac), abolished the angiogenic activity of
THs [105]. Thus, Nanotretrac suppressed expression of EGFR, VEGF,
multiple cyclins, catenin, and multiple cytokines and was shown



G.A. Cremaschi et al. / Pharmacological Research 109 (2016) 55-63 61

to be an effective chemotherapeutic agent in preclinical studies of
human pancreatic cancer cell xenografts [106]. In sum, all these
evidences point out that targeting the mTR would be an attractive
therapeutic tool for other neoplastic diseases.

5. Concluding remarks

In a tumor, cell growth is sustained by many factors of the
microenvironment that also allow their invasion and escape to
evade the anti-tumor immune response. This tumor microenvi-
ronment includes hormonal factors and THs were demonstrated to
be one of these factors. A well-characterized biological mechanism
through which THs may regulate tumor cell division and spreading
involves THs binding to the mTR, namely the integrin av[33. This
activates various pro-carcinogenic pathways leading to cell prolif-
eration and angiogenesis. For TCL, THs were shown to induce, both
in vitro and in vivo, their proliferation. This effect is mediated by
the induction of signaling pathways in which both TR and integrin
av[33 participate. Among the signaling initiated by the integrin, the
activation of NF-kB plays a crucial role in TCL growth. This mech-
anism also involves the modulation of cell cycle regulators and
angiogenic factors, thus ultimately leading to the tumor growth and
vascularization. Despite slowing tumor growth, reduction of circu-
lating THs levels paradoxically rises TCL dissemination by affecting
the distribution of immune cell types in the tumor milieu and the
nature of local and systemic antitumor immune responses. Thus,
the mTR, that would not affect immune cell function, become an
attractive target for TCL treatment. In fact, the selective inhibition of
the integrin avf33 in different subtypes of TCL results in the inhibi-
tion of cell proliferation, tumor growth and impaired angiogenesis
(see Fig. 2). In those cases in which tumor cells displayed an mTR
with higher affinity for T4 than T3, the induction of hypothyroxine-
mia with normal levels of T3 would be a good and cheap adjuvant
alternative for cancer treatment. In cases in which both T3 and T4
modulates tumor cell physiopathology via the integrin av33, as
in TCL, then selective inhibition of the integrin, with cilengitide or
potentially by nanotetrac, would contribute to impair cancer pro-
gression. Nevertheless, the confirmation in preclinical models that
both compounds do not affect antitumor immunity is still pending.
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