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ABSTRACT. We investigated the expression and clinical value of
the soluble major histocompatibility complex class I-related chain A
(sMICA) molecule in the serum of patients with renal tumors. Sixty
patients diagnosed with renal tumors were enrolled in the experimental
group, whereas 20 healthy volunteers served as the control group. The
sMICA levels were measured via enzyme-linked immunosorbent assay,
and the results were analyzed in combination with data from pathol-
ogy examination. The experimental group had a statistically significant
higher sMICA level (P < 0.05) than the control group. The sSMICA level
was higher in patients with malignant tumors than in those with be-
nign tumors. We also observed a positive relationship among different
tumor-node-metastasis (TNM) pathological stages with more advanced
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diseases exhibiting higher sSMICA levels. As a tumor-associated antigen,
MICA has a close relationship with renal tumorigenesis and immune es-
cape. Our results indicated that sSMICA levels were related to tumor pathol-
ogy, TNM stage, and metastasis. Therefore, SMICA might be a potential
marker for tumor characteristics, prognosis, and recurrence prediction.
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INTRODUCTION

Urothelial carcinoma is a common disease of the urinary system, with bladder cancer
having an especially high occurrence. The incidence of urothelial carcinoma has increased in
recent years, possibly owing to the increased awareness by those performing physical examina-
tions and the improvements of ultrasonography techniques. However, the disease’s pathogen-
esis remains unclear. Recent studies have suggested that the human major histocompatibility
complex class I-related chain A (MICA) molecule is highly expressed in epithelial cell-derived
tumors (Pende et al., 2002). The binding of MICA to the natural-killer group 2, member D
(NKG2D) receptor on the surface of NK cells can activate their killing effect, which plays an
important role in tumor initiation and development. Carcinogenesis occurs when normal cells
are stimulated by inflammation, viruses, or other factors. Such an event results in the genetic
expression of MICA in cells, leading to an increased presence of MICA molecules on the cell
surface. MICA molecules can be identified by NK cells, can bind to NKG2D receptors on the
surface of NK cells, and activate NK cells to exert cytotoxic effects on tumor cells, resulting in
tumor cell lysis. Therefore, MICA has an important function in early immune surveillance and
elimination of tumor cells. Once a tumor has developed, the binding of NK cells and MICA
molecules on the surface of cancer cells could inhibit their rapid growth.

Although in-depth studies have investigated the role of MICA in other epithelial tumors,
its expression in urothelial carcinoma remains unclear. In the present study, we assessed MICA
expression in 100 urothelial cancer patients admitted to our hospital between June and October
2012 to understand the relationship between MICA and the occurrence of urothelial carcinoma.

MATERIAL AND METHODS
Study subjects

One hundred patients with urothelial carcinoma were admitted to our hospital be-
tween June and August 2011, including 35 with renal pelvic tumors, 40 with bladder cancer,
and 25 with ureteral tumors (Table 1). A total of 30 healthy volunteers, including 14 men and
16 women between 45 and 70 years of age (average, 52.3 years), were also recruited.

Specimen collection

Participants provided 2 mL peripheral venous blood in the morning after fasting. Each
blood sample was collected in a test tube without anticoagulant, and centrifuged at 3000-3300
revolutions per minute for 10 min within 30 min after collection. The serum was then trans-
ferred to a 1.5-mL Eppendorf tube and stored at -20°C for analysis.
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Table 1. Clinical data of 100 urothelial cancer cases.

Body part  Gender (male/female, N) Age (years) Lymph node metastasis (yes/no, N) Organ metastasis (yes/no, N)
Pelvis 20/15 42-76 8/27 4/31
Ureter 13/12 45-72 421 3/22
Bladder 21/19 54-68 3/37 4/36

Enzyme-linked immunosorbent assay (ELISA)

ELISA kit was purchased from Wuhan Boster Biological Technology Ltd. According
to the manufacturer protocol, 100 pL standard or sample was added to the bottom of a well
on a 96-well ELISA plate. One well was kept empty to serve as the control sample, and the
two-well parallel pipetting method was used. The reaction was incubated at 37°C for 90 min,
after which 100 pL biotin-antibody was added. The reaction was incubated at 37°C for 60 min,
and then washed three times with 0.01 MPBS solution. After addition of 100 uL. ABC solu-
tion, the plate was incubated at 37°C for 30 min and then washed five times with 0.01 MPBS
solution. Subsequently, 100 uL. TMB solution was added, and the plate was incubated at 37°C
for 15 to 20 min before reaction termination. The ELISA plate was immediately measured at
450 nm using an automatic microplate reader. The standard curve was plotted, and the actual
concentration was calculated.

Immunohistochemistry

Urothelial carcinoma and normal urothelial tissue samples were collected during sur-
gical resection. They were immediately soaked in formalin solution for 48 to 72 h to stabilize.
After a series of processing steps, including dehydration and embedding, the samples were
treated with goat anti-human primary antibody and rabbit anti-human secondary antibody. The
expression of MICA molecule on the surface of urothelial cancer cells and normal urothelial
cells was determined under an optical microscope.

Real-time quantitative polymerase chain reaction (PCR)

Nine urothelial carcinoma and three normal urothelial tissue specimens were col-
lected via surgical resection, and immediately placed in liquid nitrogen. Samples of approxi-
mately 0.5 cm in diameter were homogenized. Trizol reagent was used to extract RNA from
these samples. Real-time quantitative PCR was performed to determine mRNA expression
levels of MICA in tumor tissues and tissues adjacent to the tumor. The primer sequences and
sizes are shown in Table 2.

Table 2. Sequences and sizes of MICA mRNA primers.

Name Sequence Size (bp)
Primer MICA F ACACAGCGGGAATCACAGCACTC 80
Primer MICA R CATGGAATGTCTGCCAATGACTCTG 80
Human ACTIN F ACTTAGTTGCGTTACACCCTT 156
Human ACTIN R ACTTAGTTGCGTTACACCCTT 156

MICA, major histocompatibility complex class I-related chain A.
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Statistical analysis

The SPSS statistical software was used for statistical analysis of all experimental data.
The levels of soluble MICA (sMICA) for renal cancer patients and healthy controls were
compared using the z-test, as were the serum sMICA levels of patients at different tumor-node-
metastasis stages and various metastatic degrees.

RESULTS

Comparison of serum sMICA levels in the urothelial carcinoma and healthy
control groups

The serum sMICA levels were significantly higher in urothelial carcinoma patients
than in healthy controls (P < 0.05, Table 3). However, no significant differences in serum
sMICA levels were observed among patients with renal pelvis cancer, ureter cancer, or blad-
der cancer (P > 0.05). The bladder cancer group was further stratified into initial occurrence
and recurrence. Recurrence bladder cancer patients had higher sSMICA levels than those with
initial occurrence (P < 0.05). Furthermore, sSMICA levels in patients with multiple occurrence
bladder cancer were higher than those in single occurrence patients (P < 0.05). There was no
significant difference in SMICA levels between patients with and without lymph node metas-
tasis (P > 0.05), whereas SMICA levels were higher in patients with organ metastasis than in
those without (P < 0.05, Table 4).

Table 3. sMICA levels in the renal cancer and healthy control groups.

Group Cases SMICA (pg/mL) P
Pelvis 35 318.5+£32.5

Ureter 25 309.3+304

Bladder 40 321.5+£23.5

Healthy control 30 168.4+43.2 <0.05

sMICA, soluble major histocompatibility complex class I-related chain A.

Expression of the MICA molecule on the surface of urothelial cancer cell and
normal urothelial cells

Higher expression of MICA molecules was observed on the surface of urothelial can-
cer cells surface than on the surface of normal urothelial cells (Figure 1).

MICA mRNA expression in tumor cells and those adjacent to a tumor

Real-time quantitative PCR results revealed that MICA mRNA expression in uro-
thelial carcinoma cells was significantly higher than that in normal urothelial cells (P < 0.05,
Table 5). However, no significant differences in MICA mRNA levels were observed among
urothelial cells of the pelvis, ureter, and bladder cancer groups (P > 0.05).
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Group sMICA (pg/mL) Case P
Pelvis group 35 <0.05
Lymph node metastasis No 314.5+£27.5 27
Yes 328.5+32.5 8
Organ metastasis <0.05
No 310.5+27.5 31
Yes 327.3+28.2 4
Ureter group 25 >0.05
Lymph node metastasis No 3053 +£28.4 21
Yes 312.4+32.1 4
Organ metastasis <0.05
No 308.2+29.4
Yes 326.3+28.4
Bladder group First occurrence 305.5+21.5 25
Re-occurrence 326.3£22.6 15 <0.05
Single occurrence 316.5+21.5 23
Multiple occurrences 328.5+£223 17 >0.05
Lymph node metastasis
Yes 32454235 3
No 3162+224 37 >0.05
Organ metastasis
Yes 337.8+243 4
No 312.3+22.7 36 <0.05

sMICA, soluble major histocompatibility complex class I-related chain A.

Figure 1. Immunohistochemical staining of urothelial carcinoma, 400X magnification.
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Table 5. Relative expression of MICA mRNA in urothelial carcinoma cells and normal urothelial cells.

Sample labels Average (Mean + SD) P
Pelvis group 2.0313+0.7514

Ureter group 2.0294 +0.7423

Bladder group 2.0279 +0.7425

Control group 0.7668 £ 0.2121 <0.05

MICA, major histocompatibility complex class I-related chain A.

DISCUSSION

The MICA gene was first discovered in 1994 (Bahram et al., 1994). It is located 46.4
kb away from the human leukocyte antigen B (HLA-B) locus, and its encoded product is a
620-kDa cell surface glycoprotein with similar structure to that of HLA. MICA antigens are
normally expressed on the surface of endothelial cells, epithelial cells, and cells of the gastro-
intestinal tract, but they are not expressed in peripheral blood lymphocytes and other normal
tissues. MICA molecules can bind as a ligand to NKG2D receptors on the surface of NK cells
to activate their cytotoxic function, leading to cell death via lysis. NKG2D receptors are pres-
ent on the surface of NK cells, CD8 + ofT cells, ydT cells, and macrophages. The receptor
is a member of the C-type lectin superfamily (Bauer et al., 1999). Alternatively, the binding
of inhibitory receptors on the surface of NK cells to major histocompatibility complex class |
molecules on the surface of normal cells might inhibit the activity of NK cells, resulting in a
negative regulation that helps avoid normal cell attack (Campbell and Colonna, 2001). When
the amount of inhibitory ligands on the surface of normal cells decreases or that of MICA in-
creases, these normal cells may become a target for NK cells. Since the expression of MICA
molecules is associated with stress-induced factors, their increased expression can be induced
by viral or bacterial infection. MICA expression is observed in many epithelial cell-derived
tumors such as colon cancer, breast cancer, and lung cancer (Vallian et al., 2012; Zhang et
al., 2012; Chen et al., 2013), and on the surface of some melanoma cells. Renal cancer cells
also express MICA (Qiu et al., 2013). Thus, MICA is known as a tumor-associated antigen
(Groh et al., 1999). MICA molecules can be divided into two types according to their location:
membrane MICA (mMICA), which exists on the surface of tumor cells, and sSMICA, which
is present in the serum. The latter is formed after MICA is released from the surface of tumor
cells into the serum owing to the effects of matrix metalloproteinases.

Differences in SMICA expression in the serum of urothelial carcinoma patients and
healthy controls

Serum sMICA levels of urothelial carcinoma patients were significantly higher than
those of normal individuals (P < 0.05). sMICA levels in patients with renal pelvis cancer,
ureter cancer, and bladder cancer did not significantly differ (P > 0.05). The bladder cancer
group was further divided into patients with initial disease occurrence or recurrence, and no
significant differences in sSMICA levels were observed between the two sub-groups (P > 0.05).
Such a result might be due to the similarity in tumor types, because pelvis, ureter, and bladder
epithelial cells are all urothelial cells. The sSMICA levels in patients with multiple occurrences
of bladder cancer did not significantly differ from those in patients with a single disease occur-
rence (P > 0.05), suggesting that the sSMICA level might not be associated with the number of
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tumors. Recurrences of bladder cancer showed higher sMICA levels than the first occurrences
(P <0.05). In general, the prognoses for pelvis and ureter cancer are relatively poor, whereas
that for bladder cancer is better. Such a difference might be associated with the metastatic
potential via the lymphatic system in pelvis and ureter cancer. We compared serum sMICA
levels in bladder, pelvis, and ureter cancer patients with and without lymph node or organ
metastasis, and found an association between sMICA levels and organ metastasis (P < 0.05)
but not lymph node metastasis (P > 0.05). The prognosis of recurrent bladder cancer is gener-
ally poorer than that of the first disease occurrence, indicating a possible positive link between
serum sMICA levels and prognosis. Therefore, SMICA could be used as a predictive marker
for patient prognosis.

Differences in the expression of MICA molecules on the surface of urothelial cancer
cells and normal urothelial cells

MICA expression in normal urothelial cells is unclear. Our immunohistochemistry
results demonstrated high MICA expression on the surface of tumor cells and low expression
in cells adjacent to a tumor. Such a result indicated that MICA expression increased after uro-
thelial cell transformation, and that MICA molecules might be associated with tumor develop-
ment and progression.

Differences in MICA mRNA expression in urothelial cancer cells and normal
urothelial cells

Real-time quantitative PCR was performed to detect MICA gene transcription in uro-
thelial cancer cells and normal urothelial cells. MICA mRNA expression in urothelial carci-
noma cells was significantly higher than that in normal urothelial cells (P < 0.05), indicating
that MICA gene transcription increased upon activation by carcinogenic factors. However,
the carcinogenic factors and mechanisms that induce such an increase remain unclear. The
increase of MICA gene expression might lead to a rise in antigen expression on the surface of
cancer cells, allowing them to be identified and eliminated by immune cells.

A precondition for NK cells to exert lethal effects on tumor cells is the binding of
mMICA molecules on the surface of cancer cells. Metalloenzymes transform mMICA confor-
mation during cancer cell development, resulting in the release of mMICA from the surface
of tumor cells into the serum as SMICA molecules. As the formation of SMICA molecules
progresses, the number of mMICA molecules on the surface of tumor cells decreases, reducing
the possibility of identification and cytotoxic effects by NK cells. On the other hand, the bind-
ing of SMICA molecules to NK cells not only inhibits that of mMICA but also down-regulates
NKG2D receptor expression on the surface of NK cells (Doubrovina et al., 2003). Therefore,
the formation of sMICA molecules is considered a sign of tumor progression and a mechanism
for tumor metastasis via immune evasion.

The association between MICA, NK cells, and tumor has become a popular topic in
cancer research owing to the unique relationship between MICA and NK cells. Previous stud-
ies include the use of MICA antibodies to block MICA expression on the surface of tumor
cells, addition of SMICA to reduce the lethal effects of NK cells on tumor cells, or utilization
of metalloenzymes to enhance the lethal effect of NK cells on tumor cells (Salih et al., 2002).
These reports indicate that increased expression of mMICA on the surface of tumor cells and
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decreased formation of SMICA could strengthen the lethal effect on tumor cells, and signifi-
cantly inhibit tumor growth. On the basis of such observations, Germain et al. (2005) geneti-
cally combined the Fab’ fragment of anti-carcinoembryonic antigen (CEA) with reconstructed
MICA. The binding site of anti-CEA was the tumor cell, and that of MICA was NKG2D,
which effectively activated the lethal activity of NK cells.

The relationship between MICA and urothelial carcinoma is poorly understood with
many uncertainties. Nonetheless, MICA, an urothelial carcinoma-associated antigen closely
associated with urothelial carcinoma occurrence and development, undoubtedly provides a
new explanation of the mechanisms of tumorigenesis and a potential treatment pathway.
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