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Abstract SALL4 is a zinc finger transcription factor that
plays a role in the maintainence and pluripotency of
embryonic stem cell and is important in renal development
where SALL4 mutations give rise to renal malformations.
Because Wilms tumor recapitulates renal embryogenesis,
we hypothesized that Wilms tumor cells may also express
SALL4. We performed immunohistochemistry for SALL4
on tissue microarray sections of Wilms tumors, nephrogenic
rests, and fetal renal cortices. Half (26 out of 52) of the
Wilms tumors showed SALL4 immunoreactivity, ranging
from strong and diffuse to focal and weak. Blastemal,
epithelial, and combined blastemal and epithelial patterns of
immunoreactivity were identified. No cases showed stromal
staining. In the fetal kidney, SALL4 expression was
restricted to the blastema and primitive epithelium at
15 weeks’ gestation. SALL4 staining was not seen at later
gestational ages, in non-neoplastic postnatal kidneys, or in
nephrogenic rests. Our study is the first to demonstrate
SALL4 immunoreactivity in Wilms tumors and in developing
fetal kidney. The absence of SALL4 staining in nephrogenic
rests, the presumed precursors of Wilms tumors, is intriguing
and suggests that Wilms tumors have a pluripotency quality
that may be lacking in nephrogenic rests.
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Introduction

Wilms tumor is a primitive multilineage malignant neo-
plasm of embryonic renal precursor cells that recapitulates
renal embryogenesis and is often associated with and
presumed to arise from persistent foci of embryonic renal
tissue called nephrogenic rests. Since Wilms tumors have
the potential for multilineage differentiation, it is likely that
the Wilms tumor cells have a stem cell phenotype. Indeed,
the presence of cells with stem cell phenotype may be
responsible for resistance to chemo- and radiotherapy and
post-therapy relapse in Wilms tumors [1]. SALL4 is a zinc
finger transcription factor, which, along with Oct4, Pou5f1,
and NanoG, plays a role in the maintainence and
pluripotency of embryonic stem cells [2, 3]. Pertinently,
SALL4 is important in renal development, and SALL4
mutations produce renal developmental abnormalities as a
part of multiple congenital anomaly syndromes such as the
DRRS (Duane-radial ray syndrome) and the IVIC (Instituto
Venezolano de Investigaciones Científicas) syndrome. We
hypothesized that SALL4 might be expressed by Wilms
tumor cells. Therefore, we examined immunohistochemical
staining for SALL4 in Wilms tumors, nephrogenic rests,
and fetal kidneys.

Materials and Methods

Formalin-fixed and Paraffin-embedded Tissue

This study was conducted with the approval of UT
Southwestern Institutional Review Board. Immunohisto-
chemistry for SALL4 was performed on tissue microarray
sections of 52 Wilms tumor, 6 nephrogenic rests, and 13
fetal renal cortices spanning 15 to 39 weeks’ gestation. The
Wilms tumor and fetal renal cortex tissue microarrays
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contain 2 mm cores of each case. The nephrogenic rest
tissue microarray contains 3 mm cores of each case. All
tissue microarrays contain cores of non-neoplastic postnatal
renal cortices as controls.

Immunohistochemistry

Anti-SALL4 antibody (Abnova Corporation, Taipei City,
Taiwan) was used at a dilution of 1:200. Immunohisto-
chemistry was performed on a Ventana BenchMark XT
automated immunostainer (Ventana Medical Systems, Tucson,
AZ) using standard immunoperoxidase techniques and hema-
toxylin counterstaining. Appropriate positive and negative
controls were utilized for each run of immunostains. Only
nuclear reactivity was considered positive. The staining
intensity was graded on a semiquantitative scale as weak,
moderate, or strong. For Wilms tumors and nephrogenic rests,
the percentage of positively staining cells was graded as 0 (no
staining), 1+ (>0 and ≤25% of cells positive), 2+ (>25
and ≤50% of cells positive), 3+ (>50 and ≤90% of cells
positive), or 4+ (>90%of cells positive).In addition, a note was
made of the histologic cell types (blastemal, epithelial, stromal)
that showed or did not show SALL4 staining. For non-
neoplastic fetal and postnatal renal cortices, the staining
intensity and the types of cells/structures that stained for
SALL4 were noted.

Statistical Analyses

The Fisher exact test was used to compare the SALL4
staining results to the clinicopathologic findings of histo-
logic grade, lymph node involvement, capsular invasion,
renal sinus invasion, and surgical margin involvement.
Analysis of variance was used to compare the SALL4
staining results and the local stage at diagnosis. For both
sets of analyses, P value of less than 0.05 was considered
statistically significant.

Results

Wilms Tumor Characteristics

The 52 Wilms tumors were from pediatric patients seen at
our institution over a 10-year period between 2000 and
2009. The patients ranged in age from 4 months to
16 years/3 months (mean age of 3 years/7 months; median
age of 3 years/4 months). There were 25 males and 27
females. Twenty five tumors occurred in the right kidney
and 27 in the left. There were no bilateral tumors. Forty-
seven (90%) tumors were unifocal and 5 (10%) were
multifocal. The tumor size varied from 2.5 cm to 20 cm
(mean size of 10.9 cm; median size of 11 cm). Forty-seven

(90%) tumors were classified as having favorable histology,
while 5 (10%) showed diffuse anaplasia. In 18 (35%) cases,
nephrogenic rests were identified. By pathologic examina-
tion, 12 (23%) tumors were stage I, 21 (40%) were stage II,
and 19 (37%) were stage III.

Immunohistochemical Staining for SALL4 in Wilms
Tumors

Of the 52 Wilms tumors, 26 (50%) showed unequivocal
nuclear staining for SALL4. Of these, 15 (29%) tumors
showed SALL4 labeling of the epithelial and blastemal
elements. Blastemal staining alone was seen in 8 (15%)
cases, while the staining was restricted to the epithelial
elements in 3 (6%) cases. No cases showed any staining of
the stromal elements. Sixteen (31%) cases showed 1+
staining, 5 cases (9%) showed 2+ staining, 4 (8%) cases
showed 3+ staining, and 1 case (2%) showed 4+ staining
(Fig. 1).

When compared to clinicopathologic criteria used for the
grading and staging of Wilms tumors, there were no
significant differences between cases that expressed SALL4
and those that did not.

Immunohistochemical Staining for SALL4 in Nephrogenic
Rests

None of the 6 nephrogenic rests (4 perilobar and 2
intralobar nephrogenic rests) showed SALL4 immunoreac-
tivity (Fig. 2).

Immunohistochemical Staining for SALL4 in Fetal
and Mature Kidney

Nuclear staining for SALL4 was restricted to focal strong
staining of the primitive epithelial structures and weak
staining of the adjacent blastemal mesenchyme in the fetal
renal cortex at 15 weeks’ gestation (Fig. 3). SALL4 staining
was not observed in the fetal kidneys at later gestational
ages or in postnatal mature kidneys.

Discussion

The Drosophilia spalt is a multiple double zinc finger motif
transcription factor important for promoting terminal
differentiation of the anterior and posterior compartments
of Drosophilia [4]. Currently, four human spalt gene
homologues have been identified (SALL1-4) that play roles
in fetal development. Of these SALL1 and SALL4 are
clearly implicated in renal development. SALL1 gene
mutations cause Townes-Brocks syndrome (OMIM
#107480), an autosomal dominant disease characterized
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Fig. 1 SALL4 immunostaining in Wilms tumors. a, b. Diffuse and strong blastemal and epithelial staining. c, d. Moderate epithelial staining with
no staining of stromal cells. e, f. Focal epithelial component. (original magnification ×40 for a, c, d, ×100 for b, f, and ×200 for d)
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by urogenital, anal, limb, ear, and cardiac abnormalities.
The renal malformations include hypoplastic or dysplastic
kidneys, renal agenesis, and multicystic kidneys [5, 6].
SALL1 may be a renal stem cell marker and is expressed in
Wilms tumors and in ureteric buds, immature tubules, and
adjacent metanephric mesenchyme in human fetal kidney at
12 weeks’ gestation [7–9]. It is a putative downstream
target of WT1, which suggests that SALL1 dysregulation
may play a role in Wilms tumorigenesis [10].

SALL4, themost recently described human spalt homologue,
is located on chromosome region 20q13.3. It is a stem cell
transcription factor that plays a role in maintainence
of pluripotency by forming a regulatory network with Oct4,
Pou5f1, and NanoG [3, 11]. SALL4 gene mutations
cause DRRS and IVIC syndrome. The autosomal dominant
DRRS, also known as Okihiro or acro-renal-ocular syndrome
(OMIM #607323), is characterized by the Duane anomaly
(restricted lateral eye movement because of abducens nerve
palsy) in combination with upper limb and renal abnormalities
and occasionally anogenital abnormalities and colonic
aganglionosis [12–20]. The IVIC syndrome (OMIM
#147750) is similar to DRRS, with the additional findings of
cardiac malformations, carpal osseous fusion, thrombocyto-
penia, and leukocytosis [21].

Constituitive expression of SALL4 represses the activi-
ties of the SALL1 and PTEN, both of which are important in
renal development [22]. SALL4 also binds to SALL1,
forming heterodimers in the brain, heart, and anogenital
region. Truncated SALL1 inhibited SALL4 activity, which
suggests that the abnormalities seen in association with
SALL1 mutations (Townes-Brocks syndrome) may be due
to SALL4 inhibition [23]. Here, we demonstrate, for the
first time, immunohistochemical expression of SALL4 in

human fetal kidney. SALL4 immunoreactivity was seen
in human fetal kidney at 15 weeks’ gestation. SALL1
expression has previously been identified in human fetal
kidney at 12 weeks’ gestation. Since SALL4 and SALL1
interact with each other, it would be expected that
they would have similar temporal and spatial expression
patterns.

To the best of our knowledge, this is the first report of
SALL4 expression in Wilms tumors.Because SALL1 and
SALL4 play a role in renal development, and the SALL
gene complex is putative downstream target of WT1, it is no
surprise that SALL genes are dysregulated in Wilms tumors.
Of note, SALL1 expression has been demonstrated in
blastemal and epithelial components, but not in the stromal
component, in three Wilms tumors [8]. This staining pattern
is similar to the staining pattern in SALL4-positive Wilms
tumors.

SALL4 is consistently expressed by neoplastic cells in
most germ cell tumors, namely choriocarcinomas, germi-
nomas, embryonal carcinomas, yolk sac tumors, gonado-
blastomas, and intratubular germ cell neoplasia (ITGCN).
Focal weak epithelial reactivity has been described in
immature and mature teratoms [24–29]. In addition to germ
cell tumors, SALL4 may occasionally be expressed by
carcinomas, sarcomas, peripheral neuroectodermal tumors
(PNET), and ovarian clear cell carcinomas [24–26]. In a
recent study, SALL4 stained all cases of alpha-fetoprotein
(AFP) producing gastric carcinoma. [30] SALL4 is also
overexpressed in leukemias and myelodysplastic syndrome
[11, 31–33]. Our results add Wilms tumors to the growing
list of tumors that express SALL4.

Fig. 3 SALL4 immunostaining in fetal renal cortex at 15 weeks’
gestation. There is focal strong staining of the primitive epithelial
structures (e) and focal weak staining of the blastemal mesenchyme
(b). (original magnification ×200)

Fig. 2 SALL4 immuostaining in a nephrogenic rest. No staining
was seen in six of six nephrogenic rests studied. (original
magnification ×200)
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Interestingly, none of 6 nephrogenic rests studied here
showed any immunoexpression of SALL4. All the nephro-
genic rests stained in this study were from kidneys with
Wilms tumors and therefore represented nephroblastoma-
tosis. Wilms tumors are often associated with and thought
to arise from nephrogenic rests. Our data, limited by the
small number of nephrogenic rests studied, suggests that
one of the differences between nephrogenic rests and
Wilms tumors may be the lack of stem-cell like character-
istics in nephrogenic rests and the presence of stem-cell like
characteristics in Wilms tumors. Further investigations in
this direction may yield a greater understanding of the
molecular events that orchestrate the progression of
nephrogenic rests to Wilms tumors. SALL4 immunostain-
ing may be of value in distinguishing nephrogenic rests
from Wilms tumors in small biopsies.
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