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Expression of GRIM-19 in differentiated thyroid cancer
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Abstract: We aim to detect the location and expression levels of retinoic-interferon-induced mortality 19 (GRIM-
19) in differentiated thyroid cancer (DTC) tissues and adjacent normal thyroid tissues and evaluate the correlation
between the expression level of GRIM-19 and clinicopathologic characteristics. Herein, GRIM-19 expression was
measured immunohistochemically in 48 DTC samples and corresponding non-tumorous tissues, and proteins ex-
tracted from 18 thyroid cancer samples and corresponding normal tissues were subjected to western blot analysis.
Expression of GRIM-19 in tumor tissues was significantly lower than in normal tissues (P<0.05). Similar results were
obtained by western blot analysis. The expression level of GRIM-19 in tumor tissues was significantly associated
with the DTC staging (P<0.05), lymph node metastasis (P<0.05), and risk assessment (P<0.05). Furthermore, the
BRAFY6°°E mutation expression levels in GRIM-19 positive patients were significantly lower than those of GRIM-19
negative patients (P<0.05). Taken together, GRIM-19 expression is suppressed in thyroid cancer, which might be

correlated with the invasiveness and metastasis of thyroid cancer.
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Introduction

Thyroid cancer, although a rare disease, is one
of the most common endocrine malignancies
as well as head and neck cancers. Over the last
decade, the number of thyroid cancer cases
has been increasing worldwide, with an aver-
age annual increase of 4.5% [1, 2]. To wholly
account for the sharp incidence trends, a num-
ber of factors have been cited, including, most
prominently, the improvement and enhance-
ment of diagnostic practices as well as in-
creased environmental or hormonal exposures
[3, 4.

Differentiated thyroid cancer (DTC), accounting
for the vast majority (>90%) of all thyroid can-
cers, mainly includes papillary and follicular
cancer [5]. After near-total or total thyroidecto-
my and/or radioactive iodine remnant ablation,
most of the DTC patients had improvement in
overall survival and quality of life [6]. However,
anaplastic thyroid carcinoma and poorly differ-
entiated thyroid carcinoma, as a small subset
of thyroid tumors, are associated with poor

prognosis, accounting for a significant portion
of the morbidity and mortality related to thyroid
cancer [7]. With the development of molecular
medicine, new treatment options such as immu-
notherapy and gene therapy provide huge
potential to prolong survival time for these
patients. However, as thyroid cancer is a multi-
stage, multi-molecular disease with accumulat-
ed abnormalities, the underlying genetic mech-
anisms are not completely understood. There-
fore, the study of the molecular and genetic
mechanisms of thyroid cancer is warranted.

Retinoic-interferon-induced mortality 19 (GRIM-
19) is a typical member of the GRIM apoptosis-
related gene family, which represents a novel
type of tumor suppressors that could potential-
ly serve as candidates for biological markers
and new targets for drug development [8]. The
GRIM-19 proteins with 144 amino acid residues
are expressed both in normal and in tumor
tissues. GRIM-19 over-expression, or ectopic
expression, significantly induces cell apoptosis.
In addition, a moderate level of GRIM-19 sensi-
tizes cells to IFN-B/RA-induced apoptosis [8].
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As a potential tumor suppressor, GRIM-19
expression has been reported to decrease in
tumors of the lung, prostate, kidney, and breast
[9, 12]. Furthermore, the suppressive function
of GRIM-19 was recently evaluated in thyroid
cancer cells and Hurthle cell thyroid carcino-
mas [13, 14]. However, the role of GRIM-19 in
differentiated thyroid cancer (DTC) is still
unknown; thus, in this study we aimed (1) to
detect the location and expression levels of
GRIM-19 in thyroid cancer tissue and adjacent
normal thyroid tissues; and (2) to evaluate the
associations of GRIM-19 expression with clini-
copathologic characteristics and serum fea-
tures.

Materials and methods
Patient and tissue samples

The preoperative serum samples were obtained
from 48 thyroid cancer patients (40 females
and 8 males) at the West China Hospital of
Sichuan University between April 2012 and
May 2013. Thyroid cancer samples were
obtained from the same 48 patients who
underwent surgical resection of thyroid cancer.
At the same time, the matched non-tumorous
tissues (normal tissues adjacent to malignant
lesions) were also obtained. After resection, all
tissues samples were divided into two parts,
with one fixed with 4% formaldehyde and the
other stored at-80°C for further analysis. In
addition, all tissue specimens were confirmed
by pathological examination, and none of the
cases had received any anti-tumor therapy,
radiotherapy, or chemotherapy before surgery.

Tumor stages and grades were classified
according to the AJCC (American Joint
Committee on Cancer) and UICC (Union for
International Cancer Control) Cancer Staging
Manual for DTC. The risk assessment was
obtained based on the ATA management guide-
lines. The median age of the patients was 42
years (ranging from 18 to 78 years). Other his-
topathological characteristics were indepen-
dently evaluated by two pathologists who were
blinded to the other clinical data of patients.

All patients included in this study signed a writ-
ten informed consent document approved by
the ethics committee of the hospital before
they underwent surgery. The study was app-
roved by the Ethics Committee of the West
China Hospital of Sichuan University.
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Immunohistochemical analysis and evaluation
method

Immunohistochemistry (IHC) was performed as
previously described [15]. The specimens were
fixed in 4% formaldehyde, dehydrated, embed-
ded, and cut into 3 um serial sections.
Endogenous peroxidase activity was blocked by
3% hydrogen peroxide in methanol for 30 min.
After being washed twice with phosphate buf-
fer solution (PBS), the sections were incubated
with the primary antibody, rabbit anti-human
GRIM-19 antibody (ABclonal, Boston, USA)
overnight at 4°C. The following day, the sec-
tions were washed three times in PBS and incu-
bated with the corresponding secondary anti-
body (ABclonal, Boston, USA) for 30 min at
37°C, followed by application of diaminobenzi-
dine chromogen for 5 min and then dehydra-
tion, xylene clearing, and gum mounting. Finally,
the immunohistochemical sections were ana-
lyzed using a microscope with a digital cam-
era.

IHC staining was evaluated independently by 2
pathologists who were blinded to the clinical
information. The staining scores were obtained
by consensus. As previously stated, the score
was determined by staining intensity and the
proportion of stained cells [9]. The former was
scored as the average intensity of staining in
positive cells (0, none; 1, weak; 2, intermedi-
ate; and 3, strong), and the latter, representing
the percentage of cells positively stained in
each section, was categorized as follows: O,
<10%; 1, 11-25%; 2, 26-50%; and 3, >50%. If
the total score obtained by adding both scores
was higher than 2, the GRIM-19 expression was
considered positive; otherwise expression was
considered negative.

Western blot analysis

The tissue samples were lysed using RIPA buf-
fer (50 mM Tris, pH 7.5; 150 mM NaCl; 0.5%
sodium deoxycholate; 1% Triton X-100; and
0.1% sodium dodecyl sulfate), and the protein
concentrations were measured by the BCA
Protein Assay Kit (CWBIO, Beijing, China). For
each sample, an equal amount of protein (50
mg) was separated by 15% SDS-PAGE and th-
en transferred onto PVDF membranes (Im-
mobilon-P; Millipore). After being blocked with
5% nonfat milk in TBST (100 mM Tris base, 150
mM NacCl, and 0.05% Tween-20) for 1 h at room
temperature, the membranes were incubated
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Figure 1. IHC analysis of GRIM-19 expression (original magnification, x200). The expression of GRIM-19 in tumor
tissues (A: score 2; B: score 6) and adjacent normal tissues (C: score 2; D: score 9).

overnight at 4°C with rabbit anti-human GRIM-
19 polyclonal antibody (ABclonal, Boston, USA)
and B-actin monoclonal antibody (ABclonal,
Boston, USA) as a control. Then, the membrane
was washed 5 times with TBST for 5 min each
and incubated for 1 h in TBST with HRP-con-
jugated secondary antibody (ABclonal, Boston,
USA), followed by washing for 5 times with TBST
for 5 min each. Protein bands were visualized b-
y enhanced chemiluminescence using the ECL
Western blotting detection reagents (CWBIO,
Beijing, China).

DNA extraction and BRAF analysis

Genomic DNA was isolated from formalin-fixed
paraffin-embedded tissue samples using the
Qiagen TIANamp genomic DNA kit (Qiagen),
according to the manufacturer’s instructions.
The quantity of the extracted DNA was mea-
sured with a NanoDrop ND-1000 Spect-
rophotometer. The BRAFYS°%F mutation priers
were designed based on the BRAF sequence,
with 5-TGCTTGCTCTGATAGGAAAATG-3’ for the
foward primer, and 5-AGCCTCAATTCTTACC-
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ATCCA-3’ for the reverse primer. The thermal
cycling protocol for the polymerase chain reac-
tion (PCR) involved an initial denaturation step
at 95°C for 5 min, followed by 30 cycles of
(95°C for 30 sec, 60°C for 30 sec, and 72°C for
30 sec), and finally 72°C for 5 min. The PCR
products (191 bp) were subjected to automatic
sequencing using an ABI PRISM 3500 (Applied
Biosystems). All mutated cases were confirmed
twice with independent PCR assays.

Statistical analysis

SPSS version 11.0 software was used for all
statistical analyses. All data were expressed as
the mean = SD. Frequency tables were ana-
lyzed using the x? test, and the t-test was used
to analyze differences between the 2 groups. A
value of P<0.05 was considered significant.

Results
Clinicopathologic features

Among the 48 thyroid cancer cases, 13 patients
were categorized as stage |, 17 as stage Il, 12

Int J Clin Exp Pathol 2016;9(11):11781-11787
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logic features in differentiated thyroid carcinoma
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Associations of GRIM-19
expression with clinico-

pathologic features

. GRIM-19
Characteristics - — — X2 P
Negative Positive Positive rate . .
Age We further investigated wh-
ether gender, age, histologi-
Male 8 4 4 50.0% 0.067 0.796 .
cal type, stage, risk assess-
Female 40 18 22 55.0% . .
ment, capsular invasion, or
Age lymph nodal metastasis we-
<45 28 12 16 57.1% 0.24 0.624 re associated with the
245 20 10 10 50% expression of GRIM-19 (as
Histological type shown in Table 1). We found
Paplllary 44 20 24 54.5% 0.031 0.861 that the expression level of
Follicular 4 2 2 50.0% GRIM-19 in DTC stages I-lI
DTC stages was significantly higher
I+11 30 10 20 66.7% 5.035 <0.05 than that of stages IlI-IV
H+1V 18 12 6 33.3% (66.7% vs. 33.3%; P<0.05).
Risk assessment In addition, DTC patients
Low + Intermediate 32 9 23 68.7%  12.126 <0.01 with lymph node metasta-
High 16 13 3 18.8% ses showed a lower positive
Capsular invasion rate of GRIM-19 expression
Yes 34 16 18 52.9%  0.071 0.791 compared to those without
No 14 6 8 57.1% nodal metastases (31.6%
0, —
Yes 19 13 6 316% 6.463 0012  absence of GRIM-19 exp-
No 29 9 20 69.0% ression was significantly m-

Table 2. Correlation between GRIM-19 ex-
pression and BRAFY6%%F mutation in papillary
differentiated thyroid carcinoma (n=44)

GRIM-19 n BRAFY6%%E Mutation”
Negative 20 9/20
Positive 24 2/24
“P<0.05.

as stage lll, and 6 as stage IV. For the risk
assessment, 16 patients were categorized as
high risk, 12 patients were intermediate risk,
and 20 patients were low risk. In addition, 30
patients had metastatic lymph nodes and 34
patients had capsular invasion.

As shown in IHC, GRIM-19 expression in normal
thyroid tissues was positive in 43 patients
(89.6%); while in tumor tissue, positive expres-
sion was detected in 26 patients (54.1%)
(Figure 1). The absence of GRIM-19 expression
was observed more frequently in cancers than
in matched non-tumorous tissues (P<0.05).

11784

ore frequent in patients
with high risk features com-
pared to those with low or intermediate risk
(18.8% vs. 68.7%, P<0.01). There was no sig-
nificant difference between groups based on
other clinicopathologic features.

Associations of GRIM-19 expression with the
BRAFY6%°F mutation

We further investigated whether the BRAFY6°°E
mutation was associated with the expression
of GRIM-19 in papillary thyroid cancer. The
results are shown in Table 2. We found that the
BRAFY8%%E mutation expression levels in GRIM-
19 positive patients were significantly lower
than those of GRIM-19 negative patients
(P<0.05).

GRIM-19 expression in thyroid cancer

Proteins extracted from 18 thyroid cancer sam-
ples and the corresponding normal tissues
were subjected to Western blot analysis.
Representative results are shown in Figure 2.
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Figure 2. Representative results of Western blot
analysis. A. Expression of GRIM-19 in thyroid carci-
noma (T) and corresponding nontumorous tissues
(N). B-actin demonstrates the same amount of pro-
tein in the gel. B. Relative intensity of each reactive
GRIM-19 band normalized to B-actin, used as a load-
ing control.

We found that the GRIM-19 expression level of
tumor tissues was lower than that of normal tis-
sues, which was in agreement with the IHC
studies.

Discussion

As a novel cell death-regulatory gene induced
by a combination of interferon-p and retinoic
acid [16], the role of GRIM-19 in tumor tissues
has been extensively evaluated. Fan et al.
found that GRIM-19 expression in lung cancer
is significantly lower compared to its expres-
sion during lung inflammation. Similarly, GRIM-
19 expression is reported to be lost or severely
reduced in breast cancer [9], renal cell carci-
noma [11, 17], cervical cancers [18], and hepa-
tocellular carcinoma (HCC) [15]. In the present
study, the results based on IHC and Western
blot analysis show that the level of GRIM-19
expression in DTC tumor tissues is significantly
lower than in normal tissues, which is in con-
cordance with previous studies. Furthermore,
GRIM-19 might play an important role in sup-
pressing oncogenesis of DTC, and it is neces-
sary to further explore its relevant mechanisms
in thyroid cancer, such as the relationship
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between the expression of STAT3 and that of
GRIM-19, the inhibition of v-Src-induced onco-
genic transformation, and metastatic behavior
[19, 20].

We also found that DTC patients with high stag-
es, high risk, and lymph node metastases had
lower GRIM-19 expression than those with low
stages, low or intermediate risk, and non-nodal
metastases -- indicating a significant correla-
tion between down-regulation of GRIM-19 and
aggressive clinicopathologic features of DTC.
Our results are in good agreement with the pre-
vious reports. For example, the study of Zhou et
al. showed that down-regulation of GRIM-19
correlated with aggressive features of breast
cancer, such as lymph node metastases, and
thus, an advanced TNM stage [9]. In addition,
GRIM-19 expression also exhibited a relation-
ship with the clinical stage of lung cancer [10]
and with histological grading in HCC [15].
Moreover, the overexpression or up-regulation
of GRIM-19 has been demonstrated to sup-
press tumor growth, invasion, and metastasis
both in vitro and in vivo [21, 22]. Taken togeth-
er, these findings indicate that GRIM-19 might
play a role in DTC development and will likely
contribute to the future development of GRIM-
19-based gene therapy approaches.

B-type Raf kinase (BRAF), as the most common
genetic alteration in thyroid cancer, is a key
component in cell proliferation, differentiation,
and apoptosis [23]. BRAF plays an important
role in the mitogen-activated protein kinase
(MAPK) pathway, which is related to the initia-
tion and progression of thyroid cancer [24]. It
was reported that the BRAFY6°E mutation is
associated with thyroid cancer through up-reg-
ulation of cell division and proliferation, leading
to tumor genesis [25, 26]. Furthermore, several
studies confirmed that the BRAFY6°°E mutation
is significantly associated with tumor multifo-
cality, extra-thyroidal extension, lymph node
metastasis and advanced TNM stage, vascular
invasion, and, finally, recurrence/persistence,
which might result in poor clinical outcomes of
papillary thyroid carcinoma [27-29]. GRIM-19
participates in multiple pathways for exerting
growth control and/or cell death, and GRIM-19
also significantly associates with the tumor
staging, lymph node metastasis, differentiation
status, and risk assessment [10, 15, 18].
Compared with patients with positive expres-
sion of GRIM-19, those with negative expres-
sion of GRIM-19 showed a much higher rate of
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having the BRAFV69%E mutation, which indicated
that negative expression of GRIM-19, similar to
the BRAFY69%E mutation, might mean a poor
prognosis. However, both the correlation of
GRIM-19 with BRAFY°°E and the prognostic
value of GRIM-19 need further research.

Several potential weaknesses of the current
study are presented as follows: first, we only
analyzed the expression of GRIM-19 in DTC
tumor tissues and the corresponding normal
tissues, without further exploring the relevant
proteins STAT3 or p-STAT3, which might lead to
a non-comprehensive understanding of the
role of GRIM-19 in DTC development; and sec-
ond, the sample size of our study is relatively
small, which might present potential limitations
with respect to the interpretation of our results.

In conclusion, our findings suggest that the
GRIM-19 expression level was significantly
lower in thyroid cancer tissues compared to
that in non-tumorous tissues, and a significant
correlation was revealed between the expres-
sion level in tumor tissues and the clinicopatho-
logic features. However, the mechanism of
GRIM-19 and its relevant proteins in DTC devel-
opment needs to be further evaluated.
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