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Thallium-201 Uptake, Histopathological
Differentiation and Na-K ATPase in Lung
Adenocarcinoma
Hironori Takekawa, Kazuo Itoh, Shosaku Abe, Shigeaki Ogura, Hiroshi Isobe, Masayori Furudate and Yoshikazu Kawakami
First Department of Medicine and Department of Nuclear Medicine, School of Medicine, Hokkaido University; and Third
Department of Medicine, School of Medicine, Sapporo Medical University, Sapporo, Japan

To clarify differences in accumulation in 201TI scintigraphy, we
examined the relationship between uptake of 201TI,histopathologi-
cal differentiation and Na-K ATPase. Methods: Thallium-201
SPECT was performed twice: 15 min (early scan) and 120 min
(delayed scan) after intravenous injection of 3 mCi 201TI-chloride.
The uptake ratio of 201TIwas calculated and compared with the
grade of differentiation and the staining pattern of Na-K ATPase.
Results: The sensitivityof 201TISPECT for well-differentiatedade-

nocarcinomas was lower than that for moderately and poorly
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differentiated ones. The uptake ratio on the delayed scan was
significantly lower in the well-differentiated group than that in the
moderately and poorly differentiated groups. This parameter was
also significantly higher in the Na-K ATPase-positive group than the
-negative group. Conclusions: These results indicate that the up
take ratio of 201TISPECT may be a noninvasive indicator of the

grade of pathological differentiation of adenocarcinoma and provide
insight into the relationship among 201TISPECT, malignancy and
Na-K ATPase.

Keywords: thallium-201 single-photonemissioncomputed tomog
raphy; grade of differentiation; Na-K ATPase; adenocarcinoma of
the lung
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l.hallium-201 scintigraphy is widely used in the diagnosis of
myocardial infarction (/), myocardial ischemia (2), thyroid
tumors (3,4 ), head and neck cancer (5 ) and bone and soft-tissue
sarcoma (6). For lung cancer, 20IT1 SPECT has a higher
sensitivity than 67Ga scintigraphy (7-9).

Thallium-201 accumulation on early and delayed scans
differs between benign and malignant tumors (3,4,7,10). In
malignant tumors, 2(IIT1accumulation was seen on both early

and delayed scans but not on delayed scans of benign tumors.
Retention of 2I)1T1on delayed scans is strongly suggestive of

malignancy; however, the mechanism of this difference in
accumulation pattern remains unknown at present.

In thyroid cancer, Ochi et al. (3) reported that 20IT1 was

strongly positive on all early and delayed scans of anaplastic
carcinoma and was strongly positive on early scans and weakly
positive or negative on delayed scans in 37% (10 of 27) of
papillary and follicular carcinomas. Our preliminary studies
showed that some well-differentiated adenocarcinomas of the
lung were positive on the early scan and negative on the delayed
scan. These data suggest that the degree of accumulation of
20'TI on the delayed scan might be associated with histopatho-

logical differentiation.
Influx of 20IT1 into malignant cells is regulated by the active

transport of Na-K ATPase (77-73). In 201T1scintigraphy, 201T1

accumulation might be closely correlated with the Na-K
ATPase levels of malignant tumors (11,12).

To clarify the difference in accumulation on both early and
delayed scans in 20IT1 scintigraphy, we examined the relation

ship among the grade of histopathological differentiation, Na-K
ATPase staining and uptake of 2()1T1in adenocarcinoma of the

lung.

MATERIALS AND METHODS

Patients
Thallium-201 SPECT studies were performed in 55 patients (28

men, 27 women; aged 37-79 yr; mean [Â±s.d.]age 59.6 Â±11.0 yr)
with adenocarcinoma of the lung at our hospital from 1990 to 1994.
Diagnosis was made by histopathological analysis of endoscopie
samples, lobectomy or pneumonectomy. Each patient gave in
formed consent.

Imaging
Thallium-201 SPECT scans were acquired twice: 15 min (early

scan) and 120 min (delayed scan) after an intravenous injection of
3 mCi (111 MBq) of 2()lTl-chloride. A gamma camera (GE-Maxi

400AT/C) equipped with a general-purpose parallel-hole collima-
tor was interfaced with a dedicated computer (Starcom II). The
detector focusing on the chest was rotated in stages of approxi
mately 6 degrees for a total of 360Â°.Image data was collected for

30 sec at each stop. Transaxial images were reconstructed with a
Manning prefilter and a Ramp postfilter. Coronal and sagittal
section images were assembled from transaxial images (9). With
out prior knowledge of the cytological or pathological findings, all
the images were interpreted for the presence or absence of
abnormal accumulation by two nuclear medicine specialists
(K.I.,M.F.).

When the 20ITI SPECT scan showed abnormal uptake in the

primary lesion of the lung cancers, regions of interest (ROIs) were
assigned for the areas with abnormal radioactivity and the con-
tralateral normal lung on the coronal sections of both the early and
delayed scans. The mean pixel counts for the ROIs were measured,
and the uptake ratios between the lesion and the contralateral
normal lung were calculated for both the early and the delayed
scans.

Adenocarcinomas of the lung were subgrouped into well-,

FIGURE 1. Images from a 74-yr-old woman with lung carcinoma. (A) Plain
chest radiograph showing a pulmonary nodule in the right upper lung field.
(B) Transaxial 201TISPECT image from delayed scan showing a round focal

accumulation in the right upper field of the chest.

moderately and poorly differentiated carcinomas according to the
World Health Organization classification of lung tumors (Â¡4).

Immunostaining
Immunostaining of Na-K ATPase was by a monoclonal antibody

against purified human renal Na-K ATPase, provided by BYK
Pharmaceuticals (Konstanz, Germany). The immunostaining was
performed using avidin-biotin peroxidase complex technique (Vec-
tastain, Vector Laboratories). Sections embedded in paraffin were
deparaffinized in xylol and rehydrated in a graded alcohol series
with distilled water. The sections were incubated in 3% H2O2 for
10 min to block the activity of endogenous peroxidase, washed
three times for 5 min with phosphate-buffered saline (PBS) and
incubated overnight at 4Â°Cwith the Na-K ATPase antibody. Color

was developed with 0.05% diaminobezidine and 0.01% H2O2 in
PBS for 5 min at room temperature. The nuclei were stained with
Mayer hematozylin. Finally, the sections were washed with dis
tilled water, dehydrated and mounted. The immunoreactivity of
Na-K ATPase was classified into three groups as follows: low-
grade expression (Na-K ATPase [â€”])= staining of 0%-19% of
the cancer cells; intermediate-grade expression (Na-K ATPase
[Â±]) = staining of 20%-79% of the cancer cells; high-grade
expression (Na-K ATPase[+]) = staining of 80%-100% of the
cancer cells. Immunostaining of Na-K ATPase was performed in
specimens available from the 14 patients who underwent operation.

Statistical Analysis
Between-group comparisons were done with the Mann-Whitney

U-test. Differences were considered significant at p < 0.05.

RESULTS
In 55 adenocarcinomas, the sensitivity was 93% (51 of 55) on

the early scan and 89% (49 of 55) on the delayed scan (Fig. 1).
Negative results on 20IT1 SPECT included five well-differenti

ated and one moderately differentiated adenocarcinoma as
defined by histological differentiation. Lesions that were not
detected on 201T1SPECT were 1.4, 1.5, 1.9, 2.1, 2.4 and 3.0 cm
in diameter. The minimum lesion size detected on 201T1SPECT

was 1.5 cm. Seven adenocarcinomas between 1.5 and 2.0 cm
and 15 between 2.1 and 3.0 cm were detected, resulting in a
sensitivity of 70% (7 of 10) for tumors between 1.4 and 2.0 cm
and 83% for tumors between 2.1 and 3.0 cm. In 29 adenocar
cinomas with pathologically confirmed differentiation, the sen
sitivity on the delayed scan was 64% (9 of 14) for well-
differentiated, 83% (5 of 6) for moderately differentiated and
100% (9 of 9) for poorly differentiated adenocarcinomas. Thus,
histological differentiation was associated with sensitivity of
20ijj SPEÃ‡T Â¡nadenocarcinoma of the lung.
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FIGURE 2. Correlation of grade of
differentiation (diff.) and delayed ra
tios in adenocarcinoma of the lung.

Figure 2 shows the delayed ratios compared with the grade of
differentiation. In 22 adenocarcinomas with both confirmed
histological differentiation and uptake ratio of 20IT1 SPECT,

the delayed ratios were significantly lower in the well-differ
entiated group (n = 10) than the moderately (n = 4) and poorly
(n = 8) differentiated groups (p < 0.05).

In primary tumor tissues, immunoperoxidase reactivity to
Na-K ATPase was present in the cytoplasm of some of the
cancer cells (Fig. 3). In normal tissues, the cilia of the
epithelium in the bronchi were strongly stained using this
method. Figure 4 shows the delayed ratios between the Na-K
ATPase-positive and -negative groups in adenocarcinoma of the
lung. The delayed ratios were significantly higher in the Na-K
ATPase-positive group (n = 8) than in the -negative group (n =
6) (p < 0.05).

DISCUSSION
This study demonstrated a close relationship among the grade

of pathological differentiation, the grade of Na-K ATPase
staining and the uptake ratios of 20IT1 SPECT in adenocarci
noma of the lung. The sensitivities of 2<"T1SPECT to adeno

carcinoma of the lung were related to its histopathological
differentiation. In well-differentiated adenocarcinoma, the up
take ratios on the delayed 201T1SPECT scans were significantly

lower than in both moderately and poorly differentiated adeno
carcinomas. This relationship might be associated with Na-K
ATPase, because the uptake ratios on the delayed 20IT1 SPECT

scans were also associated with the intensities of the Na-K
ATPase staining. Our results suggest that 201T1 SPECT may

predict the differentiation of the adenocarcinoma and estimate
the prognosis. The grade of differentiation is one of the factors
determining the survival of patients with adenocarcinoma of the
lung. Saijo et al. (75) reported that among 119 patients survival
of those with well-differentiated adenocarcinoma was signifi
cantly greater than that in those with poorly differentiated
adenocarcinoma. We reported that in an adenocarcinoma with
lymph node metastasis, 201T1 demonstrated slow washout or

increased retention on the delayed scan (16). We also observed
that uptake on the delayed scan was associated with lymph node
metastasis and the grade of differentiation in adenocarcinoma of
the lung. This finding accounts for the higher frequency of
lymph node metastasis in poorly differentiated adenocarcinoma

tumors (3,4,18). In malignant tumors, 2(IIT1may show different

accumulation in relation to the grade of histopathological
differentiation. In supratentorial gliomas, the 2()IT1 index, ex

pressed as the ratio of count rate of the tumor site to the count
rate over the contralateral normal region, was significantly
higher in patients with grade IV glioma than in those with lower
grade glioma (19). We showed that the delayed ratio of 20IT1

SPECT was associated with the grade of differentiation and
Na-K ATPase in adenocarcinoma of the lung.

On 2()IT1scintigraphy, the early ratio in a tumor reflected the

angiographie vascularity (20) and blood pooling (21). The
delayed ratio reflected the cell's ability to pick up 2()IT1(21,22)

or histological cellularity (viability of tumor cells) (11,23).
Thallium is a potassium analog because it, as well as

potassium, is a metallic element in group 3-A of the periodic
table. It has five times the affinity to the cell as potassium. Thus,
thallium is transported into cells instead of potassium. This
transportation might be related to Na-K ATPase. This specula
tion is supported by an in vitro experiment that demonstrates
that the active transport of thallium into malignant cells is
regulated by Na-K ATPase (8,11,12). In the present study, we
showed that the delayed ratios of the positive tumors in
immunohistochemical staining for Na-K ATPase were signifi
cantly higher than those of the negative tumors. Thus, uptake of
20'TI on the delayed scan might be regulated by Na-K ATPase

in adenocarcinoma of the lung.
In cultured cells, the activity of Na-K ATPase in the

transformed cell was elevated compared with that in the parent
normal cell. This finding accounts for synthesis of the enzyme
halting in normal cells or for increased Na-K ATPase before
cell division in the transformed cell (24). This indicated that the
differentiation might be associated with Na-K ATPase and
uptake of 2()1T1.Thyroid cancer tissue has higher activity levels

of Na-K ATPase than normal thyroid tissue (12), which means
that Na-K ATPase may be associated with 20IT1 uptake in

thyroid cancer. We showed that in adenocarcinoma of the lung,
201T1uptake on the delayed scan was related to the differenti

ation and intensity of the Na-K ATPase staining.

CONCLUSION
The uptake ratio of the delayed scan on 20IT1 SPECT is

related to the grade of histopathological differentiation in
adenocarcinoma of the lung. This is associated with the degree
of the Na-K ATPase expression. Thus, this ratio is a useful
indicator of the grade of histopathological differentiation,

The accumulation patterns of 2U1T1on early and delayed

scans differ between benign and malignant lung and thyroid

FIGURE 3. Immunohistochemical staining of lung cancer with anti-Na-K
ATPase antibody. High-grade expression (Na-K ATPase [+]) in adenocarci
noma of the lung. Original magnification x200.
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FIGURE 4. Correlation of Na-K
ATPase and delayed ratios in ade-

nocarcinomas of the lung.
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thereby facilitating the prediction of prognosis, and provides
insight into the relationship between 20IT1 uptake and malig

nancy.
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Ultrasound-Guided Internal Radiotherapy Using
Yttrium-90-Glass Microspheres for Liver Malignancies
Jia-He Tian, Bai-Xuan Xu, Jin-Ming Zhang, Bao-Wei Dong, Ping Liang and Xiang-Dong Wang

Departments of Nuclear Medicine and Ultrasound, The Great Wall Hospital, Beijing, China

Treatment of liver malignancies, in particular hepatocellular carci
noma, remains a serious problem because of the difficulty of
delivering adequate therapeutic agents to the lesions while sparing
the surrounding normal tissue. In an attempt to overcome this
obstacle, intratumoral injection of 90Y, a beta-emitter, was per
formed. Methods: Twenty-seven hepatocellular carcinoma's and

six liver mÃ©tastaseswere studied, most of which had failed other
therapeutic modalities. Guided by ultrasound, 90Y-glass micro-

spheres (QMS) were carefully injected into predetermined tumor
sites. The procedure was repeated at 3-4-wk intervals where
indicated. Echographic, clinical and laboratory follow-up was con
ducted at regular intervals. Results: Twelve to 32 mo after treat
ment, 27 patients were still alive, with dramatic improvement of their
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clinical condition: 90.6% of the tumor foci became smaller, with
echogenic or blood flow changes on liver sonograms. Serum titers
of alpha-FP in 10 of 13 patients returned to normal levels. Repeat

biopsy in nine patients showed complete tumor destruction in eight.
Six patients died of either end-stage disease or wide dispersion of
the tumor. Conclusion: The intratumoral administration of 90Y-GMS

under ultrasound guidance yielded a higher cure rate for liver
malignancy with no severe side effects. The higher radiation dosage
delivered by injected ^ to the periphery of the lesions (up to
28,215-75,720 cGy) was thought to account for the successful

outcome. These results show that intratumoral radionuclide injection
is feasible for treatment of malignant lesions inside the body.
Key Words: yttrium-90-glass microspheres; radionuclide therapy;
liver malignancy; intratumoral delivery
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