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Abstract
Purpose This study sought to probe the feasibility of
performing total thyroidectomy in the mouse using a non-
thyroidal hNIS expressing tumor model.
Materials and Methods Our thyroidectomy protocol included
thorough excision of both lobes and the isthmus. For evaluating
the completeness of thyroidectomy, we compared the 99mTc-
pertechnetate scans taken before and after thyroidectomy. The
prostate cancer cell line was subcutaneously inoculated
2 weeks after the thyroidectomy. When the tumor reached
5-10 mm in diameter, Ad5/35-E4PSESE1a-hNIS was injected
intratumorally, and 131I scans were performed. The radio-
iodine uptakes of the neck and the tumor were compared with
those of the other regions.
Results Total thyroidectomy was performed in 13 mice.
Although 38.5% died during or just after thyroidectomy, the
others survived in good health for 2 months. Thyroid tissue
was completely eliminated using our protocol; the residual
uptake of 99mTc-pertechnetate was minimal in the neck
area. The neck/background uptake ratio after thyroidectomy
was significantly lower than that before thyroidectomy
(p<0.05). Non-thyroidal tumor models were successfully
established in all the surviving mice. Radioiodine accumu-
lation in the tumors was visualized on 131I scans, and the
neck uptakes were minimal.
Conclusion Using our total thyroidectomy protocol, we
successfully established a hNIS-transfected prostate cancer
model with a minimal accumulation of radioiodine in the

neck. The relatively high mortality after surgery can be a
problem, and this might be reduced by minimizing the
surgical stress.

Keywords Mouse . Total thyroidectomy . Surgical
technique . Human sodium/iodide symporter

Introduction

The human sodium/iodide symporter (hNIS) plays an
important role in the biosynthesis of thyroid hormones as it
mediates the active transport of iodide into thyrocytes [1–3].
By targeted transfer and expression of the hNIS gene,
radioiodine treatment could be used to treat non-thyroid
malignant disease as well as thyroid carcinoma [4–6]. In case
of assessing the hNIS gene expression in a xenograft mouse
model, intense radioiodine accumulation in hNIS-expressing
organs such as the thyroid is deterrent to scintigraphic
assessment.

In vivo experiments are mandatory in basic research and
must be performed prior to considering human clinical
trials. Mouse models have gained popularity for a number
of reasons, such as small body size, rapid gestation period,
relatively low maintenance costs, and an extensively
characterized genome [7]. However, reports of mouse
thyroidectomy are not as common as those of thyroidectomy
in the rat, conceivably because of the difficulty of the
microsurgical technique.

In this study, we tried to refine the total thyroidectomy
technique; the surgical accomplishment was confirmed
by a scintigraphic scan. We then utilized totally thyroid-
ectomized mice to image hNIS-transfected prostate cancer
cells and identified the feasibility of our thyroidectomy
protocol.
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Materials and Methods

Animals

A total of 13 mice (BALB/c-nu), ages 7 to 9 weeks and
weighing approximately 16–21 g, were purchased from
Japan SLC, Inc. The mice were housed and maintained in
individually ventilated cage under specific pathogen-free
conditions in facilities. The mice were used in accordance
with the Animal Care and Use Guidelines of the National
Cancer Center, Institute, and Hospital under the protocol
approved by the Institutional Animal Care and Use
Committee.

Operation

Animals were anesthetized by using 2% isoflurane in
100% oxygen through nose-cone masks. All animals
were placed in the supine position with the neck elevated
by rolled-up sterilized gauze. Operations were carried out
under aseptic conditions. Surgical tools and draping
linens were autoclaved prior to the surgery. The
operating field was disinfected with betadine solution
and 70% alcohol. The betadine was applied to neck of
the mouse, and animals were draped under the micro-
scope (Leika, EZ4, German), leaving only the operating
field exposed to prevent contamination of the surgical

site during the operation. A set of sterile gloves was used
for each mouse.

To test the anesthesia’s depth before operation, a paw
of the mouse was squeezed firmly without injuring it. If
the mouse did not withdraw its leg, the surgery was
started. An anterior neck incision was made vertically.
The parotid glands beneath the skin occupied almost all
the anterior neck space. Each of the parotid glands was
separated laterally while gently grasping with non-
traumatic forceps (Fig. 1a). After transparent investing
fascia upon the strap muscle was removed, bilateral strap
muscles were retracted laterally and held by retractors.
Through the transparent pretracheal fascia, bilateral
thyroid lobes were visualized along with the transparent
isthmus in front of the trachea (Fig. 1b). Thyroid glands
are usually located between the cricoid cartilage and first
four tracheal rings.

The isthmus was transected by microdissecting for-
ceps, and each side of the lobes was then gently teased
away from the trachea. (Fig. 1c, d, and Fig. 2 a, b). As the
bilateral thyroid upper poles are located near the insertion
of the sternothyroid muscle, thyroids are easily torn in this
area when dissected. Therefore, sternothyroid muscles
before removing thyroid lobes (Fig. 2c) should be
retracted upward laterally along with strap muscles before
thyroidectomy or gently picked up with forceps when the
bilateral thyroid upper poles are removed. Care was taken
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Fig. 1 Bilateral parotid glands
were gently divided along the
midline and placed laterally
upon the skin, and bilateral strap
muscles were then exposed
under the investing fascia (a).
Bilateral sternocleidomastoid
muscles were also exposed in
this image. Thyroid cartilage
and the hyoid bone were
visualized along with multiple
tracheal rings in this figure (b).
The figure shows bilateral
thyroid glands with a flat and
transparent isthmus. The
isthmus was pulled up with
forceps (c-1, c-2) and cut
vertically (d)
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not to injure the recurrent laryngeal nerve, which runs
below the dorsal edge of the thyroid lobes (Fig. 3a, b). The
risk of major bleeding was not high because all major
vessels are located inside a carotid sheath (Fig. 3c). After
irrigation of the surgical field with normal saline,
musculature, lymphatic tissue, and salivary glands were
repositioned, and the skin was closed with 4-0 silk suture.
The surviving mice were observed until 1 month after
surgery for examining survival and performance status.

After applying betadine to the anterior neck, oxygen
supplementation by a mask was administered under a
warming lamp until the mice were able to move actively.
Once fully awake, the animals were given access to 1%
calcium gluconate (Choong Wae Pharmaceutical, Ltd.,
South Korea) to prevent hypothyroidism and normal mouse
chow [5]. Excised thyroid lobes were fixed with 10%
formalin, washed with distilled water, and dehydrated in
70% ethanol. The specimen was sliced into 4-μm-thick
sections and embedded in paraffin. Hematoxylin and eosin
(H&E) staining was performed, and the examination was

done under a light microscope (×40, ×100, and ×400
magnification).

The Preoperative and Postoperative 99mtc-Pertechnetate
Whole Body Scan and Region of Interest Drawing

All animals were injected with 500 Ci 99mTc-pertechnetate
intraperitoneally. After 30 min, basal whole body 99mTc-
pertechnetate static imaging was done by using a small
animal SPECT system (nanoSPECT/CT, Bioscan Inc.,
Washington, DC). In 30–60 min, the total thyroidectomy
was done and 1 h after intraperitoneal injection, a second
scintigraphic image was taken to evaluate remnant tissue.
The scintigraphic acquisition and processing were
performed using a parallel-hole collimator, with a zoom
factor of 1.14 and a 512 × 512 matrix size until reaching
80,000 counts. Circular or elliptical regions of interest
(ROI) were drawn on the neck, stomach, and bladder, and
an ROI drawing along the whole body was also done for
quantifying background activity (Fig. 4a). The thyroid/
corrected background count (CBC) ratio was calculated to
account for variable, and sometimes very intense, physio-
logic radiolabel uptake in the stomach and bladder (CBC=
whole body count-neck count-bladder count-stomach
count) (Fig. 4b, c).

Cwr22rv Cell Injection and Viral Treatment, Radioiodine
In Vivo Imaging

A prostate-restricted replication-competent recombinant
adenovirus serotype 5/35 construct (Ad5/35E4PSESE1a-
hNIS) carrying human NIS under the control of the PSES
promoter was constructed. Ad5/35E4PSESE1a-hNIS was
constructed by using Ad-E4PSESE1a as a backbone, which
was previously described in detail [8].

Androgen-independent human prostate cancer cell line
CWR22rv was derived from an androgen-dependent human
xenograft tumor, CWR22. Adherent monolayer cultures
were maintained in culture flasks (BD Bioscience) and
incubated at 37°C in 5% carbon dioxide and 95% air. As
recommended, the cells were cultured in RPMI1640
supplemented with 10% FBS and 100 U antibiotic-
antimycotic solutions (Invitrogen). The cells suspended
with PBS were injected subcutaneously into the right
shoulder (1 × 106 cells) of all surviving mice (8
thyroidectomy mice).

When the tumor reached to 5–10 mm, it was treated with
the Ad5/35-E4PSESE1a-hNIS (5 × 108 PFU) through
intratumoral injections on 2 consecutive days. Intratumoral
injections were done slowly for 10 s at multiple sites in
order to facilitate viral dispersal, using a 30-gauge needle in
a total volume of 50 μl of PBS. All injections were done
under anesthesia with inhalation of 2% isoflurane. Twenty-
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Fig. 2 Upon cutting in half with scissors in the isthmus, the bilateral
lobes of the thyroid were grasped on the medial side and dissected
upward and laterally (a, b). The sternothyroid muscles were located in
the upper pole of bilateral lobes (c), which were retracted along with
the strap muscles before dissecting. Minor bleeding was easily
controlled by gentle pressure with a piece of cotton. After total
thyroidectomy, the trachea was visualized without the thyroids (d).
After saline irrigation, musculature, lymphatic tissues and parotid
glands were repositioned, and skin was sutured
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four hours after the last viral injection, mice received
0.5 mCi (18.5 MBq) of 131I-NaI intravenously, followed
by imaging using a γ-camera with a pin-hole collimator
(DSX, Argus) 12 h after radioiodine injection. The scan

parameters were as follows: pin-hole diameter, 5 mm;
distance, 2 cm apart from mouse; scanning time, 5 min/
scan; γ-energy window, 364 keV±20 %; matrix size,
256×256×16.
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Fig. 3 Under the medial side of
the bilateral thyroids at the
tracheoesophageal groove, the
recurrent laryngeal nerve was
visible along with a draining
vein (a arrow, b yellow line).
(c) shows the compartments
of the neck. The thyroids were
anatomically grouped with the
trachea, esophagus, feeding
artery, and bilateral recurrent
laryngeal nerves inside the
pretracheal fascia. The common
carotid artery, vein, and vagus
nerves were in the carotid space.
The vertebral body was divided
by prevertebral fascia with the
anterior structure. By identifying
these anatomies, massive
bleeding can be prevented
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Fig. 4 The 99mTc-pertechnetate
whole-body scans were done
for each mouse in the small
animal SPECT system. (a)
represents the regions of interest
in the neck, stomach, bladder,
and total body. For background
correction, remnant thyroid/cor-
rected background (whole
body-remnant thyroid-stomach-
bladder, if visible) was
calculated. (b) shows intense
radiolabel uptake in the neck
area before surgery (black
arrow). (c) shows the image
taken after total thyroidectomy.
Compared with the preoperative
scan, the postoperative scan
shows faint remnant radiolabel
uptake
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Statistical Analysis

Indices associated with thyroids, remnant thyroid activity,
stomach, bladder, and thyroids or remnant thyroid activity/
CBC ratios between the two groups (pre-surgical scan versus
post-surgical scan) were compared using Student’s t-test.
P value less than 0.05 was assumed to be significant.

Results

Feasibility and Surgical Success Rate

The operation time ranged from 13–23 (17±3.5) min. Total
mortality was 38.5% (5/13). Once a mouse was awakened
quickly after cessation of anesthesia and moved around
actively, the animals did not die until 2 months after the
operation. Some mice died immediately after surgery (n=2)
or were not active after surgery (n=3), conceivably because

of surgical stress. The awakened mice with poor perfor-
mance status eventually died by 2 days after surgery. There
was no evidence of hemorrhage or sign of inflammation in
the thyroid bed of the dead animals, and the bilateral
recurrent nerves were all intact.

Excised tissue was identified as a thyroid specimen
under a light microscope (×100 and ×400 magnification);
there were numerous colloid-containing follicles of varying
sizes lined by epithelial cells (Fig. 5). The stromal
structures were visible between the colloids.

99mTc Whole-Body Scan and ROI Analysis

Total thyroidectomy mice showed minimal residual radio-
iodine uptake in the neck compared with that observed in
the pre-surgical scan (Fig. 4b, c, Table 1). For background
correction, whole-body radioactivity was measured, and the
neck uptake was then divided by corrected background
activity. The neck radioactivity was significantly lower in

X400 X100 
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Fig. 5 The removed thyroid
glands were stained with
hematoxylin and eosin (H&E),
and examined under the micro-
scope. The ×100 image in
the lower right square box is
included, and part of the image
is enlarged to ×400 magnifica-
tion. The glands were composed
of many spherical hollow sacs
called thyroid follicles. In this
tissue section, each follicle
appeared as an irregular circle
of cells. These follicles were
filled with colloids. The stromal
structures were visible between
the colloids

Regions of interest (ROI) Average counts Standard deviation Statistical significance

Neck TTa 5,116.8 1,260.7 0.013*

WT 6,527.7 931.7

Stomach TT 16,839.6 3,396.2 0.381
WT 15,705.1 1,953.6

Bladder TT 3,788.9 1,365.2 0.965
WT 3,826.1 2,107.7

Whole body TT 73,928.8 864.5 0.818
WT 73,833.4 907.2

Neck/CBC TT 0.11 0.03 0.023*

WT 0.14 0.02

Table 1 The ROI analysis
between pre-surgical and post-
surgical 99mTc-pertechnetate
scan

* Regarded as statistically signifi-
cant (if p<0.05)
aMice with total thyroidectomy
bMice without thyroidectomy
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postoperative images than in preoperative images (5,116.8 ±
1,260.7 and 6,527.7±931.7, respectively; p=0.013). The
neck/CBC ratio of the postoperative image was significantly
lower than that of the preoperative image (0.11±0.03 and
0.14±0.12, respectively; p=0.023; Fig. 6). However, between
the pre- and post-scintigraphic scans, there were no
significant differences found in the stomach (16,839.6±
3,396.2 versus 15,705.1±1,953.6; p=0.381), the bladder
(3,788.9±1,365.2 versus 3,826.1±2,107.7; p=0.965), and
corrected whole body activities (48,183.5±4,194.0 versus
47,774.6±3,100.4; p=0.811) (Table 1).

Radioiodine Imaging of Thyroidectomized Mice with Ad5/
35-E4psese1a-Hnis Trasfected Prostate Cancer Tumors

Subcutaneous CWR22rv tumors were established in all mice.
In vivo gamma imaging in the early period of radioiodine
injection showed that iodine accumulates successfully in the
tumor. Radioiodine accumulation into Ad5/35-E4PSESE1a-
hNIS-treated tumors was definitely seen 12 h after radioiodine
injection. (Fig. 7). Likewise in the immediate postoperative
99mTc-pertechnetate whole body scan, there was minimal
uptake in the neck. Iodine had accumulated in the stomach
because of endogenous NIS expression and excreted into the
genitourinary system. 131I-NaI in the xenograft accumulated
for 24 h and dropped abruptly after 24 h (data not shown).

Discussion

Murine thyroidectomy can be accomplished through surgical
excision or radioactive iodine administration. Radioactive
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Fig. 6 The neck radioactivity on the postoperative scan was
significantly lower compared with that of preoperative scans
(5,116.8 ± 1,260.7 versus 6,527.7±931.7, respectively; p=0.013; a).

The neck/corrected background ratio on the preoperative scan was
also significantly lower than that of the postoperative scan (0.11±0.03
versus 0.14±0.12, respectively; p=0.023; b)

12hr  

A 

B C 

Fig. 7 (a) shows a schematic presentation of the virus used in this
study. A conditionally replicative virus Ad5/35-PSES-hNIS has CMV-
hNIS and PSES-E1a. PSES (prostate-specific enhancer sequence) was
inserted in order to control the expression of E1A, which is vital for
efficient multiplication. The virus contains chimeric 5/35 fiber, which
targets the Ad3 receptor, highly expressed in prostate cancer. (b and c)
represent whole-body 131I-NaI scintigraphy image 12 h after 131I-NaI
radionuclide therapy with a compatible image of this mouse. The
white arrow represents minimal remnant uptake in the neck, and black
arrows show grafted prostate tumor subcutaneously
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iodine ablation is beneficial in terms of its non-invasiveness;
however, complete thyroidectomy is difficult to accomplish
and time-consuming. Even though complete thyroidectomy
can be fatal because of surgical complications, and the
completeness of surgery and surgical complications are
operator-dependent, surgical thyroidectomy is the most secure
and fastest method to obtain a thyroidectomized mouse
model. According to the immediate scintigraphic findings of
our thyroidectomized model and successful radioiodine
imaging of the grafted hNIS-transfected prostate tumor with
minimal remnant thyroid uptake, complete thyroidectomy
using our protocol is feasible and could be successfully
applied to various situations in oncology and endocrinology.
The androgen-insensitive prostate cancer that was used in our
study is clinically problematic and requires a new treatment
modality. Newly developed target chemotherapeutic agents
also have limited efficacy, so hNIS-gene transfer with radio-
iodine therapy could be a promising therapeutic tool.

Despite the various surgical instruments and techniques
that have been developed, the surgery in mice is still not
easy to perform because of the animal’s small structure. The
difference in anatomy between the mouse and the rat is as
follows: The isthmus of mice is small in volume and is
rather flat, so that the thyroid of mice appears as two lobes
without an isthmus. Bilateral recurrent nerve damage is
fatal. However, the recurrent laryngeal nerve was located
posterior to the thyroid lobe along with thyroid feeding
vessels inside the pretracheal fascia (Fig. 3a), and they
ascended toward the lateral aspect of the trachea just
anterior to the angle between the trachea and esophagus
up to the level of the cricoid cartilage (Fig. 3b). Thus,
careful examination and use of a sophisticated technique
can avoid fatal nerve damage. The neck anatomy of a
mouse is comprised of compartments similar to that of
humans (Fig. 4c). Thyroid glands are located in a visceral
compartment posterior to the anterior neck muscles, and
most major blood vessels are located in a carotid space.
Therefore, careful dissection of the thyroid is feasible
without massive bleeding. Minor bleeding from the thyroid
artery or vein can be easily controlled by gentle pressure
with a piece of cotton [9].

Postoperative care is critical to ensure full recovery after
surgery. A warming lamp, oxygen supplementation, and fluid
infusion are important preventive tools for postoperative
morbidity and mortality [10]. Food was placed in the cage
bottom for easy access. Compared with other surgical
techniques, total thyroidectomy can cause hypoparathyroidism
because of the resection of the adjacent parathyroid glands, so
continuous calcium supplementation is important.

The relatively high mortality can be a problem and might
be caused by surgical stress. There was no definite evidence
of hemorrhage or recurrent laryngeal nerve injury in the
fatal cases, which was confirmed by the postmortem

examination. Excessive surgical stress results in a disrup-
tion of the homeostasis of the body and is known to cause
various postoperative complications. Usually the surgical
method, operation time, and intraoperative blood loss, etc.,
have been regarded as related surgical stresses and closely
associated with the postoperative morbidity and mortality
[11, 12]. Other studies have reported that changes in the
neuroendocrine or immune responses reflect the degree of
surgical stress [13–20]. It is not easy to predict the amount
of surgical stress in each organism, because the physiolog-
ical responses are variable, even when the factors associ-
ated with surgical stress remain the same [12]. Considering
the fact that the mice included in our study were young and
limited in number, the surgical stress could have been a
cause of the mortality. By minimizing the factors related to
surgical stress, an improved survival rate could be acquired.

Conclusion

Using our total thyroidectomy protocol, we successfully
established a hNIS-transfected prostate cancer model with a
minimal accumulation of radioiodine in the neck. The
relatively high mortality after surgery can be a problem, and
this might be reduced by minimizing the surgical stress.
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