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Abstract: Objectives: This study aims to investigate NKX2.2 protein expressions in papillary thyroid carcinoma (PTC)
patients, and discuss its correlation with PTC clinicopathological features and prognosis. Methods: A sum of 187
PTC patients treated in our hospital between October 2011 and September 2012 were randomly selected as the
case group. Another 124 volunteers receiving health examination in our hospital were taken as the control group.
A few thyroid cell groups were obtained by vivo fine needle aspiration and fresh surgical PTC specimens were col-
lected. NKX2.2 protein expressions in specimens were detected by immumohistochemical staining and Western
Blot. Follow up was conducted for 3 years to study the relationship between NKX2.2 and postoperative recurrence
rates. Results: Immunohistochemical staining showed that NKX2.2 protein showed different levels of expression in
different staged PTC samples. Compared with the control group, positive ratios of NKX2.2 in the case group were
significantly lower (all P < 0.05). As PTC worsened, positive ratios of NKX2.2 decreased. Western Blot showed that
as PTC worsened, NKX2.2 protein expression declined. Maximum diameter, lymph node metastasis, distant metas-
tasis and neoplasm invasiveness were negatively related to positive ratios of NKX2.2 and NKX2.2/GAPDH protein
expression. Follow up analysis showed that as NKX2.2 protein expressions and positive ratios of NKX2.2 increased,
postoperative recurrence rates declined. Conclusion: NKX2.2 protein is associated with PTC clinicopathological
features and prognosis thus can be an indicator for PTC diagnosis and prognosis evaluation.
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Introduction

Thyroid cancers are common endocrine can-
cers in human [1]. According to statistics, 4.9 to
14.3 in every 100,000 people suffer from thy-
roid cancers in the past 30 years, among which
3.4 to 12.5 people were diagnosed with papil-
lary thyroid carcinoma (PTC) [2]. Median size of
PTC is 7 mm, and this disease often occurs on
the basis of thyroid diseases, thereby tending
to cause missed diagnosis in clinical treatment
[3]. The formation of tumors is a biological
behavior of multiple factors, which is likely to
be related to various oncogenes and anti-onco-
genes [1]. At present, although studies on PTC
are increasingly thorough both at home and
abroad, detailed and accurate explanation
about its formation mechanism still remains
insufficient [4]. Therefore, in the early diagnosis
of PTC, it is vital to probe into the expression of

various genes in thyroid cancer and to find relat-
ed molecular markers.

Thyroxine, mainly produced by thyroid, is one of
the hormones involved in the growth and devel-
opment process of mammals, with significant
regulating effect. Homeobox gene is a sort of
polypeptide found in fruit flies which consists of
180-183 base codes and 60-61 amino acid
bases and can regulate the expression of other
genes [5]. NKX family, a sort of homeobox gene,
is modules widely expressed in various regions
of brain tissues, and it is associated with the
development of different brain regions [6].
Current studies indicates that the functions of
thyroid are related to the levels of NKX2.1 and
NKX6.1 [7, 8] in brain tissues, yet research on
NKX2.2 mainly focuses on fields such as pan-
creatic functions and its impact on oligodendro-
cyte and visceral neural differentiation [9, 10].
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In this regards, we hypothesized that PTC was
accompanied with weakened thyroid functions,
and there might be corresponding changes in
NKX2.2 expression. This study collected speci-
mens of clinical PTC patients to perform statis-
tical analysis on the correlation of NKX2.2
expression with clinicopathological features
and prognosis of PTC patients.

Materials and methods
Ethical statement

This study was carried out in conformity to med-
ical ethical standards, and was approved by the
Ethics Committee of our hospital. Informed
consents were obtained from all participants or
their family members.

Subjects

A total of 187 patients performed PTC excision
in our hospital between October 2011 and
September 2012 were randomly selected as
the case group. Staging criteria in the sixth edi-
tion of American Joint Committee on Cancerajcc
(AJCC) was set as a standard [11]. Inclusion cri-
teria: 1. Confirmed as PTC by clinical manifesta-
tion and histopathological examination of fine
needle aspiration thyroid specimens; 2. Without
merging with other tumors; 3. Without receiving
any chemotherapeutics or radiotherapy before
research. Exclusion criteria: 1. Patients with
severe heart, hepatic and renal dysfunction; 2.
Merged with immunological and endocrine sys-
tem diseases; 3. Receiving chemical therapy be-
fore operation. Another 124 volunteers receiv-
ing health examination in this hospital were
taken as the control group. A small amount of
thyroid cell groups were obtained by fine needle
aspiration in vivo to perform immumobhisto-
chemical staining.

Immunohistochemical staining

EnVision two-step method was adopted in im-
mumohistochemical staining. Fresh surgical
specimens of PTC were collected, fixed with 4%
of formaldehyde and embedded in paraffin, fol-
lowed by conventional dewaxing. The speci-
mens were treated with 3% of hydrogen perox-
ide for 1 h to inhibit the activity of endogenous
peroxidase, and then washed by poly butylenes
succinate (PBS) solution (1.9 mM monopotas-
sium phosphate, 8.1 mM dipotassium phos-
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phate and 75 mM sodium chloride, pH 7.4) for
3 times, each time for 2 min. Primary mouse
anti-human NKX2.2 (NK2 homeobox 2) mono-
clonal antibodies (1:100, purchased from ZSGB
Biotechnology Co., Ltd, Beijing) were added
drop by drop. The specimens were incubated
for 1 h at 37°C, and then taken out to be
washed by PBS solution for 3 times, 2 min in
each time. Universal secondary antibodies
EnVision (ZSGB Biotechnology Co., Ltd, Beijing)
were added drop by drop to the specimens,
which were then incubated for 30 min at room
temperature and washed by PBS solution for 3
times, 2 min in each time. DAB color developing
agent (ZSGB Biotechnology Co., Ltd, Beijing)
was applied for coloration. The reaction, obse-
rved under a microscope, was terminated when
claybank sediments appeared. After the color-
ation was terminated, the cell nucleus was
counter stained with hematoxylin. Following
washing and bluing, the specimens were dehy-
drated by conventional graded ethanol. Dime-
thylbenzene was transparent, and neutral bal-
sam was used for sealing. Staining grade was
calculated in accordance with positive cells
rate. Three regions in each specimen were ran-
domly selected within the field of view of 10X.
Ratios of positive cells in total cells were calcu-
lated, and their average value was taken as the
staining grade of the specimens.

Protein expression detection by Western blot

A total of 0.1 g fresh surgical PTC specimens
were collected. After the specimens were cut
up, 0.5 mL PBS solution were added. Cell sus-
pension underwent disruption by an ultrasonic
processor (Ningbo Scientz Biotechnology Co.,
Ltd) for 5 min in total, with 1 s of pause after 1
s of work. Cell debris was removed through cen-
trifuging at 12000 rpm/min for 10 min. Brad-
ford method was applied to detect total protein
concentrations in supernate, and the total pro-
tein concentrations of various samples were
adjusted to be equal. Loading quantities of
samples were the same. Sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-
PAGE) with 10% of separating gel concentration
was applied to separate proteins, which were
then transferred to polyvinylidene fluoride
(PVDF) membranes by semi-dry trans-blot (Bio-
Rad, USA). The PVDF membranes were at first
soaked with methyl alcohol for 15 s, and then
soaked in transfer buffer (25 mM Tris, 192 mM
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control | !
PTC staging

Figure 1. Differences of positive ratios of NKX2.2 in PTC patients at differ-
ent stages. Note: A. Immunohistochemical staining; brownish-yellow cells re-
ferred to positive NKX2.2 cells; D, stage I; @ stage II; ®), stage lll; @), stage
IV; ®, normal thyroid cells. B. Grading of immunohistochemical staining; a
referred to P < 0.05 compared with the control group; b referred to P < 0.05
compared with [; ¢ referred to P < 0.05 compared with II; d referred to P <
0.05 compared with Ill; PTC, Papillary thyroid carcinoma.
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Figure 2. Differences in NKX2.2 protein expression
level of PTC patients at different stages. Note: A.
Western blot; B. NKX2.2/GAPDH ratio; a referred to P
< 0.05 compared with I; b referred to P < 0.05 com-
pared with II; ¢ referred to P < 0.05 compared with IlI;
PTC, Papillary thyroid carcinoma.

517

glycine and 20% (v/v) methyl
alcohol) for 10 min with poly-
acrylamide gel. Conditions of
membrane transfer: (1) Con-
stant pressure of 17 V; (2)
Duration of transfer for 30
min. After membrane transfer
was finished, the transferred
PVDF membranes were seal-
ed with 6% (m/v) of skim milk
powder (dissolved in the PBS
solution) at room temperature
for 2 h, and then taken out for
wash by PBST buffer solution
(0.1% (w/v) Tween-20 added
into the PBS solution) for 3
times, 3 min in each time. Af-
ter that, the PVDF membranes
were hybridized with mouse
v anti-human NKX2.2 monoclo-
nal antibodies (ZSGB Biote-
chnology Co., Ltd, Beijing) at
room temperature for 1 h, and
washed by PBST buffer solu-
tion for 5 times, each time for
3 min. Then the membranes
were hybridized with goat anti
mouse IgG (ZSGB Biotechno-
logy Co., Ltd, Beijing) marked
by horse radish peroxidase
(HRP) for 1 h at room temperature, and washed
by PBST buffer solution for 5 times, 3 min in
each time. HRP substrate (Bio-Rad, USA) was
used for coloration of target proteins.

GAPDH protein was chosen as the internal ref-
erence protein. Primary antibody was mouse
anti-human GAPDH protein (ZSGB Biotechnol-
ogy Co., Ltd, Beijing). Image-Pro Plus6.0 was
applied to detect gray values of the NKX2.2
and GAPDH target band regions in the Western
Blot result figure, with ratio of NKX2.2/GAPDH
as the relative amount of NKX2.2.

Follow-up visit

Followed-up visit was conducted to all patients
who left hospital for 3 years, and tumor recur-
rences of the patients in the case group were
observed. Follow-up visit, mainly in the form
of hospital reexamination and telephone ca-
lls, started from the time when the diagnosis
of patients were confirmed and ended on
September 31%t 2015, with follow-up intervals

Int J Clin Exp Pathol 2017;10(1):515-522
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Table 1. Correlation between NKX2.2 protein expression and clinicopathological features of PTC

patients

Clinicopathological features

Positive ratios
of NKX2.2 (%)

Pvalue NKX2.2/GAPDH P value

Gender

Male 41

Female 146
Age (years old)

<43 101

>43 86
Maximum diameter of tumor (cm)

<1 48

1~3 95

>3 44
Lymphatic metastasis

With 106

Without 81
Distant metastasis

With 35

Without 152
Neoplasm invasiveness degree

Inside envelope invasion 98

Outside envelope invasion 32

Thyroid lobe invasion 29

Invasion in surrounding tissues and organs 28

0.631 0.106
43.9 0.73 £0.33
39.73 0.79+0.16
0.378 0.198
43.56 0.80 £ 0.22
37.2 0.76 + 0.20
<0.001 <0.001
66.67 0.86 £ 0.28
38.89 0.82 £0.16
20.45 0.60+0.11
0.001 <0.001
26.42 0.72+0.24
59.26 0.86 £ 0.13
0.018 0.01
22.86 0.70 £ 0.22
44.74 0.80 £ 0.20
0.005 <0.001
51.02 0.86 £ 0.20
37.50 0.72 +0.09
34.48 0.76 £ 0.16
14.29 0.58 £ 0.23

Note: PTC, papillary thyroid carcinoma.

of 3 months. There was no case losing foll-
ow-up.

Statistical methods

Data was performed using SPSS 21.0 softwa-
re (SPSS Inc, Chicago, IL, USA). Measurement
data were presented as means * standard
deviation (SD), with data between groups exam-
ined by t test. x? test was applied for compari-
son on count data. The association between
risk factors and PTC was confirmed by uncondi-
tioned logistic regression analysis. P < 0.05
was considered statistically significant.

Results
General features of the included subjects

There were 187 cases in the case group, includ-
ing 41 men and 146 women ranging from
16~74 years old, with an average age of 41.6 +
9.22 years old. Thyroid cancers were divided
into stage | (n=77), stage Il (n = 31), stage Il (n
= 26) and stage IV (n = 53). There were 106
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patients with lymph node metastasis, 35 pa-
tients with distant metastasis, 98 patients with
inside envelope invasion, 32 patients with out-
side envelope invasion, 29 patients with thyroid
lobe invasion and 28 patients with invasion in
surrounding tissues and organs. The control
group consisted of 124 healthy controls, includ-
ing 59 men and 65 women aging from 19 to 65
years old, with an average age of 39.2 + 8.15
years old. There was no statistical difference in
age composition and gender ratio between the
case group and the control group (both P >
0.05).

Immunohistochemical staining results of
NKX2.2

According to the immunohistochemical staining
of cells, positive NKX2.2 proteins were located
in cell nucleus, and NKX2.2 protein in thyroid
cell groups of normal people showed strong
positive expression (brownish-yellow cells in
Figure 1A). NKX2.2 proteins showed different
degrees of expression in PTC specimens of all
stages (Figure 1A). Positive ratios of NKX2.2 at
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Table 2. Unconditional logistic analysis results of various factors

and papillary thyroid carcinoma

and patients’ gender and age
(Table 1).

Logistic regression analysis

Factors Regression o alue  EXP(B) (95% Cl)
coefficient

Maximum diameter of tumors 0.083 0.669 1.086 (0.744-1.586)

Lymphatic metastasis -0.853 0.114 0.426(0.148-1.226)

Distant metastasis -0.515 0.509 0.597 (0.129-2.758)

Neoplasm invasiveness degree 0.303 0.163 1.353(0.885-2.070)

Expression level of NKX2.2 -2.970 0.023 0.051 (0.004-0.662)

Logistic regression analysis
found that the maximum
diameter of tumors, lymph
node metastasis, distant me-
tastasis and the degree of

Note: OR referred to odds ratio; Cl referred to confidence interval.

Table 3. Postoperative recurrence rates of PTC patients

neoplasm invasiveness were
not significantly associated
with the recurrences of PTC,
while NKX2.2 protein expres-

sions were related with PTC

Tumor Protein ex- Without Recurrence Recurrence

staging pression level recurrence (171) (16) rates (%) rec.:urrencles (P < 0.09), thus

| 0.94+0413 77 73 a 5.19% being an independent hazard

I 0854013 31 59 5 6.45% for the recurrences of thyroid
cancer. See Table 2.

] 0.65 +£0.12 26 23 3 11.54%

v 0.57+0.16 53 46 7 13.21% Association between NKX2.2

Note: PTC, papillary thyroid carcinoma.

various PTC stages were compared, and it
could be seen that positive ratio of NKX2.2 for
thyroid cell groups of normal people and stage
I-lV of PTC were 93.60%, 66.20%, 41.30%,
25.10% and 11.70%, respectively. The positive
ratios of NKX2.2 in the case group were signifi-
cantly lower than those in the control group,
showing statistical significance (all P < 0.05).
As PTC worsened, positive ratios of NKX2.2
decreased (Figure 1B).

Detection results of NKX2.2 by Western blot

The results of the Western Blot showed that
NKX2.2/GAPDH protein ratios in PTC speci-
mens at stage I-IV were 1.05 + 0.13, 0.87 +
0.12,0.61 + 0.08 and 0.42 + 0.06, respective-
ly. Statistical significance was found in NKX2.2
protein expressions at various PTC stages (all P
< 0.05) (Figure 2). The result showed that as
PTC deteriorated, the expression of NKX2.2
proteins declined.

Association between NKX2.2 expressions and
PTC clinicopathological features

Maximum diameter, lymph node metastasis,
distant metastasis and neoplasm invasiveness
were negatively related to positive ratios of
NKX2.2 and NKX2.2/GAPDH protein expres-
sion (all P < 0.05). There was no significant rela-
tionship between NKX2.2 protein expressions
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expression and recurrences
of PTC

Follow-up visit was conducted on 187 patients,
and postoperative neoplasm recurrences were
found in 16 patients 4 to 45 months after their
operation, with average recurrence time of 37.5
months. Relapsing patients consisted of stage
| patients (n = 4), stage Il patients (n = 2), stage
Il patients (n = 3) and stage IV patients (n = 7)
(Table 3). Based on NKX2.2 protein expres-
sions of PTC patients at various stages, the
relationship between NKX2.2 protein expres-
sions and the recurrence rates of PTC was ana-
lyzed, which indicated that NKX2.2 protein
expressions was associated with the postoper-
ative PTC recurrence rates. Namely, with the
increase of NKX2.2 protein expressions, post-
operative PRC recurrence rates declined.

The value of NKX2.2 in forecasting prognosis
of PTC

The ROC curve (Figure 3) showed that area
under the curve of PTC diagnosed by NKX2.2
protein expressions was 0.866 [95% CI (0.826,
0.906)]. Maximization of Youden index was
taken as the basis for selection, and the best
dividing value in the diagnosis of PTC by NKX2.2
protein expressions was 0.65 (sensitivity =
74.1%, specificity = 86.3%).

Discussion

In this study, NKX2.2 protein expressions in
187 PTC patients were investigated so as to

Int J Clin Exp Pathol 2017;10(1):515-522



NKX2.2 with clinicopathological features of PTC

Survival Functions

cursors [15], neuronal cells,

0.87

0.6

Sensitivity

0.4

0.2

fibrocytes and spongiocytes
[16-18], while the NKX2.2 fac-
tor mainly regulates the fur-
ther differentiation and matu-
rity of cells [12]. As a result,
the synergism between Oligo2
and NKX2.2 decides the final
differentiation morphology of
the cells [19, 20]. A previous
study shows that NKX2.2 in
tumors tends to induce cells
to differentiate into normal
gliocytes rather than tumor
cells [21]. Therefore, NKX2.2
plays a significant role in
inhibiting cancers: with the
decrease of NKX2.2 expres-
sions, normal cells might be
further activated to become
tumor cells, thereby leading to
cancer deterioration.

0.0 T T T
0.0 0.2 0.4 06

1- Specificity

Figure 3. ROC curve analysis on NKX2.2 protein expressions in the diagno-
sis of PTC. Note: PTC, Papillary thyroid carcinoma; ROC, Receiver operation

curve.

further discuss the relationship between
NKX2.2 proteins and PTC clinicopathological
features as well as prognosis with results found
that NKX2.2 protein was related to the clinico-
pathological features and NKX2.2 protein had
an impact on the postoperative recurrence
rates, which indicated that NKX2.2 protein
might be an indicator for the diagnosis as well
as prognosis judgment of PTC.

This study also found that low NKX2.2 expres-
sions were related to the further increase of
tumor size and lymph node metastasis. The-
refore, low NKX2.2 expressions could be seen
as an implication for worsened PTC. Relevant
studies confirm that NKX2.2 can inhibit the pro-
liferation of tumors and the further develop-
ment of cancers. Namely, NKX2.2 expression,
which is highly related to the Olig2 factor [12],
shows relatively high expressions in spinal cord
tissues and ventricular fibers [13, 14] and the
expression of these two factors can regulate
cells differentiation. The Oligo2 factor plays an
important role in regulating the proliferation
and division of plasmacytoid dendritic cell pre-
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On the other hand, this study
found that NKX2.2 expres-
sions were associated with
the postoperative recurrenc-
es of patients. That is, when
NKX2.2 expressions were
low, PTC recurrence rates would be high.
Meanwhile, it was suggested that NKX2.2 also
plays a significant role in regulating the prolif-
eration and development of cells. Relevant
studies show that NKX2.2 gene deletion will
cause massive reduction and injuries of pan-
creas cells [22] and dysplasia in nervous sys-
tem of mouse [23]. As a result, NKX2.2 cannot
only inhibit the generation of tumor cells, but
also be a key regulatory factor in the develop-
ment process of normal cells. When NKX2.2
expressions decrease, it is likely to influence
the postoperative recovery state of patients
and increase risks of recurrence. A study also
confirms that as a diagnostic indicator of can-
cers, NKX family has relatively high sensitivity
and low misdiagnosis rate as well as missed
diagnosis rate [24]. Therefore, it is relatively
feasible to take NKX2.2 as a candidate indica-
tor in the early diagnosis of PTC.

In conclusion, NKX2.2 expressions are highly
associated with the pathological process of
PTC, especially in terms of inhibiting tumor for-
mation and regulating cells proliferation, thus

Int J Clin Exp Pathol 2017;10(1):515-522
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allowing itself as a reference index in the early
diagnosis of PTC. Admittedly, there remained
some obstacles in this experiment. Firstly,
there were fairly few clinical specimens collect-
ed in this experiment, making the conclusion
lack of high accuracy. Secondly, in the analysis
of prognosis, only recurrence rates were count-
ed, and long-term follow-up statistics of pati-
ents’ survival condition were insufficient, which
led to the lack of evidences for further summa-
rizing the functions of NKX2.2. Therefore, this
conclusion requires further improvement and
support by future clinical studies.

Acknowledgements

We would like to acknowledge the helpful com-
ments on this paper received from our revie-
wers.

Disclosure of conflict of interest
None.

Address correspondence to: Fu-Qiang Li, Depart-
ment of Thyroid Surgery, The First Hospital Affiliated
to Zhejiang University, No. 79 Qingchun Road, Hang-
zhou 310000, P. R. China. Tel: +86-15005811480;
E-mail: cdlibol®@aliyun.com

References

[1]  Samimi H, Zaki Dizaji M, Ghadami M, Shahza-
deh Fazeli A, Khashayar P, Soleimani M, Lari-
jani B, Haghpanah V. Essential genes in thyroid
cancers: focus on fascin. J Diabetes Metab
Disord 2013; 12: 32.

[2] Davies L, Welch HG. Current thyroid cancer
trends in the United States. JAMA Otolaryngol
Head Neck Surg 2014; 140: 317-22.

[3] Hay ID, Hutchinson ME, Gonzalez-Losada T,
Mclver B, Reinalda ME, Grant CS, Thompson
GB, Sebo TJ, Goellner JR. Papillary thyroid mi-
crocarcinoma: a study of 900 cases observed
in a 60-year period. Surgery 2008; 144: 980-
7; discussion 7-8.

[4] Wojciechowska K, Lewinski A. BRAF mutations
in papillary thyroid carcinoma. Endocr Regul
2006; 40: 129-38.

[5] Platais C, Hakami F, Darda L, Lambert DW,
Morgan R, Hunter KD. The role of HOX genes in
head and neck squamous cell carcinoma. J
Oral Pathol Med 2016; 45: 239-47.

[6] Holland PW, Takahashi T. The evolution of ho-
meobox genes: Implications for the study of
brain development. Brain Res Bull 2005; 66:
484-90.

521

(7]

)

(10]

(11]

[12]

[14]

(15]

(16]

Maquet E, Costagliola S, Parma J, Christophe-
Hobertus C, Oligny LL, Fournet JC, Robitaille Y,
Vuissoz JM, Payot A, Laberge S, Vassart G, Van
Vliet G, Deladoey J. Lethal respiratory failure
and mild primary hypothyroidism in a term girl
with a de novo heterozygous mutation in the
TITF1/NKX2.1 gene. J Clin Endocrinol Metab
2009; 94: 197-203.

Kondo T, Nakazawa T, Ma D, Niu D, Mochizuki
K, Kawasaki T, Nakamura N, Yamane T, Ko-
bayashi M, Katoh R. Epigenetic silencing of
TTF-1/NKX2-1 through DNA hypermethylation
and histone H3 modulation in thyroid carcino-
mas. Lab Invest 2009; 89: 791-9.

Doyle MJ, Loomis ZL, Sussel L. Nkx2.2-repres-
sor activity is sufficient to specify alpha-cells
and a small number of beta-cells in the pan-
creatic islet. Development 2007; 134: 515-23.
Quinn JC, Molinek M, Martynoga BS, Zaki PA,
Faedo A, Bulfone A, Hevner RF, West JD, Price
DJ. Pax6 controls cerebral cortical cell number
by regulating exit from the cell cycle and speci-
fies cortical cell identity by a cell autonomous
mechanism. Dev Biol 2007; 302: 50-65.
Orucevic A, Curzon M, Curzon C, Heidel RE,
McLoughlin JM, Panella T, Bell J. Breast cancer
in elderly caucasian Women-An institution-
based study of correlation between breast
cancer prognostic markers, TNM stage, and
overall survival. Cancers (Basel) 2015; 7:
1472-83.

Zhu Q, Zhao X, Zheng K, Li H, Huang H, Zhang
Z, Mastracci T, Wegner M, Chen Y, Sussel L,
Qiu M. Genetic evidence that Nkx2.2 and Pdg-
fra are major determinants of the timing of oli-
godendrocyte differentiation in the developing
CNS. Development 2014; 141: 548-55.
Zhang C, Zhang G, Rong W, Wang A, Wu C, Huo
X. Oscillating field stimulation promotes spinal
cord remyelination by inducing differentiation
of oligodendrocyte precursor cells after spinal
cord injury. Biomed Mater Eng 2014; 24:
3629-36.

Wang H, Lei Q, Oosterveen T, Ericson J, Matise
MP. Tcf/Lef repressors differentially regulate
Shh-Gli target gene activation thresholds to
generate progenitor patterning in the develop-
ing CNS. Development 2011; 138: 3711-21.
Meijer DH, Kane MF, Mehta S, Liu H, Har-
rington E, Taylor CM, Stiles CD, Rowitch DH.
Separated at birth? The functional and molec-
ular divergence of OLIG1 and OLIG2. Nat Rev
Neurosci 2012; 13: 819-31.

Mitew S, Hay CM, Peckham H, Xiao J, Koenning
M, Emery B. Mechanisms regulating the devel-
opment of oligodendrocytes and central ner-
vous system myelin. Neuroscience 2014; 276:
29-47.

Int J Clin Exp Pathol 2017;10(1):515-522


mailto:cdlibo1@aliyun.com

[17]

(18]

[19]

[20]

522

NKX2.2 with clinicopathological features of PTC

Masahira N, Takebayashi H, Ono K, Watanabe
K, Ding L, Furusho M, Ogawa Y, Nabeshima Y,
Alvarez-Buylla A, Shimizu K, Ikenaka K. Olig2-
positive progenitors in the embryonic spinal
cord give rise not only to motoneurons and oli-
godendrocytes, but also to a subset of astro-
cytes and ependymal cells. Dev Biol 2006;
293: 358-69.

Marshall CA, Novitch BG, Goldman JE. Olig2
directs astrocyte and oligodendrocyte forma-
tion in postnatal subventricular zone cells. J
Neurosci 2005; 25: 7289-98.

Okahara K, Kizuka Y, Kitazume S, Ota F, Naka-
jima K, Hirabayashi Y, Maekawa M, Yoshikawa
T, Taniguchi N. Ceramide galactosyltransferase
expression is regulated positively by Nkx2.2
and negatively by OLIG2. Glycobiology 2014;
24: 926-34.

Holz A, Kollmus H, Ryge J, Niederkofler V, Dias
J, Ericson J, Stoeckli ET, Kiehn O, Arnold HH.
The transcription factors Nkx2.2 and Nkx2.9
play a novel role in floor plate development and
commissural axon guidance. Development
2010; 137: 4249-60.

[21]

[22]

[23]

[24]

Muraguchi T, Tanaka S, Yamada D, Tamase A,
Nakada M, Nakamura H, Hoshii T, Ooshio T,
Tadokoro Y, Naka K, Ino Y, Todo T, Kuratsu J,
Saya H, Hamada J, Hirao A. NKX2.2 suppress-
es self-renewal of glioma-initiating cells. Can-
cer Res 2011; 71: 1135-45.

Mastracci TL, Lin CS, Sussel L. Generation of
mice encoding a conditional allele of Nkx2.2.
Transgenic Res 2013; 22: 965-72.

Flanagan SE, De Franco E, Lango Allen H, Zer-
ah M, Abdul-Rasoul MM, Edge JA, Stewart H,
Alamiri E, Hussain K, Wallis S, de Vries L, Ru-
bio-Cabezas O, Houghton JA, Edghill EL, Patch
AM, Ellard S, Hattersley AT. Analysis of tran-
scription factors key for mouse pancreatic de-
velopment establishes NKX2-2 and MNX1 mu-
tations as causes of neonatal diabetes in man.
Cell Metab 2014; 19: 146-54.

Yang L, Ruan WJ, Chen EG, Ying KJ. Diagnosis
value of serum NKX2-1 for primary lung can-
cer. Zhejiang Da Xue Xue Bao Yi Xue Ban 2012;
41: 535-9.

Int J Clin Exp Pathol 2017;10(1):515-522



