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Expression of PIK3CA and FOXP1 in gastric and intestinal
non-Hodgkin’s lymphoma of mucosa-associated lymphoid
tissue type
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Abstract Non-Hodgkin’s lymphoma of mucosa-associated
lymphoid tissue (MALT) type arises from a wide variety of
extranodal sites, most frequently from the gastrointestinal tract.
Recently, it has been demonstrated that karyotypic alterations
involving the PIK3CA and FOXP1 genes of chromosome 3
occur in MALT lymphoma. However, their associated protein
expression has not been extensively studied. Tumor tissues
from 27 gastric and 23 intestinal MALT lymphomas were
analyzed for PIK3CA and FOXP1 protein expression using
immunohistochemistry and correlated with histological fea-
tures and treatment outcomes. Expression of PIK3CA, a
novel indicator, was found in 40% of gastrointestinal cases
and indicated an inferior progression-free survival in both
gastric and intestinal MALT lymphomas (P=0.001 and

P=0.015). Tumor staining of nuclear FOXP1 (46.0%) was
more common in gastric than intestinal MALT lymphomas
(P=0.042) and was significantly associated with polymorphic
histology (P=0.007). FOXP1 expression was identified as an
adverse prognostic factor for overall survival in gastric
MALT lymphomas (P=0.035). We further combined these
two markers and observed that patients that are positive for
both PIK3CA and FOXP1 had a worse overall and
progression-free survival. Considering the small sample size
of this study, these results should be confirmed in a large
prospective study.
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Introduction

Non-Hodgkin’s lymphoma (NHL) of mucosa-associated
lymphoid tissue (MALT) type was first described by
Isaacson and Wright in 1983 [1]. MALT lymphoma
occurs in a number of anatomic sites, with the gastroin-
testinal tract being the most frequently involved organ [2].
This kind of lymphoma is relatively uncommon, account-
ing for approximately 7.6% of NHL [1]. Although MALT
lymphoma is an indolent disease and responds well to
frontline treatments, the relapse rate is still high with a
life-long follow-up [3].

Cytogenetic data accumulated in recent years have
enriched our knowledge about this disease. Aberrations of
chromosome 3 have been recently described in MALT
lymphoma, including allelic imbalance of the 3q26.2-27, t
(3;14)(p14.1;q32) and trisomy of chromosome 3. High
levels of amplification in the 3q26.2-27 region, which
harbors the phosphoinositide-3-kinase, catalytic, α poly-
peptide (PIK3CA) gene, were observed in 21% of gastric
MALT lymphomas [4]. The forkhead box protein P1
(FOXP1) gene at 3p14.1 is under the control of the IGH
gene enhancer and deregulates FOXP1 expression in
MALT lymphoma due to a t(3;14)(p14.1;q32) translocation
[5]. In other reports, trisomy of chromosome 3 was found in
MALT lymphoma, suggesting that an increased gene copy
number may be another mechanism of deregulated gene
expression [6–8]. Several studies indicated that the expres-
sion of FOXP1 was associated with tumor progression in
diffuse large B cell lymphoma (DLBCL) [9, 10], and
PIK3CA overexpression was correlated with a poor
outcome in esophageal squamous cell carcinoma and
ovarian cancer [11, 12]. Whether these observations are
found in MALT lymphoma is unknown.

Histologically, the concurrent presence of large-cell (LC)
and small-cell components are well-known features of
indolent lymphoma and indicative of tumor transformation
and progression [13–15]. However, the prognostic value of
histological features has not been well described in MALT
lymphoma. Prior to the WHO classification system of
hematopoietic and lymphoid tissues in 2001 [16], “low-
grade MALT” or “high-grade MALT” is still extensively
used in many previous studies, and it remains difficult to
identify and differentiate between MALT lymphoma and
DLBCL with MALT components [17–19].

In the current study, we investigated the expressions of
PIK3CA and FOXP1 and the histological features in 50
gastrointestinal MALT lymphomas. Considering the inher-
ent differences in lymphoid tissue throughout the gastroin-
testinal tract, including native collections of lymphocytes
such as Peyer’s patches in the intestine and acquired
lymphoid tissues such as in gastritis [2], we further
compared the distribution of PIK3CA and FOXP1 expres-

sion and histological features in gastric and intestinal
MALT lymphomas and correlated them with treatment
outcomes.

Materials and methods

Clinical data

Analyses of tumor tissues were performed of 50 patients
with MALT lymphoma in the gastrointestinal tract treated
during the period January 1999 through September 2007 at
two affiliated hospitals of Sun Yat-sen Medical College,
Guangzhou, China. Anatomical organs and other clinical
information were collected for all patients: age, sex, stage,
presence of systemic symptoms, LDH level, nodal or
multifocal involvement, bulky disease, efficacy of initial
treatment, and outcomes. Patients were staged according to
the Lugano system [20]. Staging workup included physical
examination, gastroscopy, enteroscopy, whole-body com-
puted tomography scan and bilateral bone marrow aspira-
tion or biopsy. After treatments, patients were followed up
until death or May 2010.

Immunohistochemical analysis

A panel of antibodies against LCA, CD3, CD5, CD10,
CD20, CD23, CD45RO, and cyclin D1, was performed to
confirm the diagnosis of MALT lymphoma and exclude
other small lymphocytic neoplasms. Sections with colo-
nized follicles were stained by the Bcl-2 antibody to
differentiate the infiltrated tumor cells and other cells in
the germinal center. The antibody against CD3 was used to
exclude the nonneoplastic T cells in the marginal zone.
Only the staining of the interfollicular marginal zone
neoplastic cells was scored. The presence of solid clusters
(>20 cells), sheet-like proliferation of LC components
outside colonized follicles, or >20% scattered LC compo-
nents was considered as DLBCL and was an exclusion
criteria [19, 21].

All cases were histologically stratified according to LC
components (polymorphic histology with >5% LC versus
monomorphic histology with <5% LC). Sections for an
immunohistochemical analysis were stained using the
DAKO EnVision+ System (DAKO, Carpinteria, CA,
USA). As a control, four cases of reactive lymph node
proliferation were included. Deparaffinized sections for
PIK3CA staining were microwaved in 10 mmol/L of citrate
buffer at pH 6.0, and sections for FOXP1 staining were
treated with tris-ethylenediamine tetraacetic acid (Tris–
EDTA) at pH 9.0. The slides were treated with 0.03%
hydrogen peroxide for 5 min to block endogenous
peroxidase before incubation with monoclonal antibodies
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to PIK3CA (catalog no. AP8016b; dilution, 1:80;
ABGENT, San Diego, CA, USA) or FOXP1 (catalog
no. NB 200–554; dilution, 1:80; Novus Biologicals,
Littleton, CO, USA) for 30 min at room temperature
(PIK3CA) or overnight at 4°C (FOXP1). Sections were
incubated with peroxidase-labeled polymer conjugated to
goat anti-mouse IgG for 20 min. Finally, the sections
were stained for 20 min with diaminobenzidene chromogen
and counterstained with Gill’s hematoxylin.

For negative controls, the appropriate primary antibody
was omitted, and phosphate-buffered solution was applied.
Sections from ovarian cancer specimens with known
PIK3CA expression and from DLBCL specimens with
known FOXP1 expression were used as positive control
samples. The results of the immunohistochemical analysis
were interpreted by two pathologists (QLW and HLL)
without knowledge of the clinical information. After the
assessments were finished, these two pathologists met to
resolve contradictory results and reach final conclusions.
The mean percentage of positive tumor cells in at least five
areas at ×400 magnification was determined and assigned
to one of five categories: (1) <10%, (2) 10% to 25%, (3)
25% to 50%, (4) 50% to 75%, and (5) >75%. Protein levels
were defined as negative when 10% or fewer of the tumor
cells was stained and positive when more than 10% of
tumor cells was stained in the cytoplasm for PIK3CA [12].
Protein levels of FOXP1 were defined as positive when
more than 25% of the tumor cells was stained [22, 23].

Statistical methods

The associations among clinical variables, histological
subgroups, and expressed proteins were evaluated using
the chi-square test. Overall survival (OS) was measured
from the date of treatment to death (from any cause) or the
date of the last contact. The progression-free survival (PFS)
for all patients was taken from the time of treatment until
disease progression or death or the date of the last follow-
up. Survival curves were constructed according to the
Kaplan–Meier method and compared using the log-rank
test. A two-tailed P value of less than 0.05 was considered
significant. The analysis was carried out using the SPSS
13.0 software (SPSS Inc., Chicago, IL, USA).

Results

Clinical findings

The primary sites included the stomach (n=27), small intestine
(n=9), and large intestine (n=14). Table 1 lists the patients’
features. Gastric and intestinal lymphoma occurrences were
well balanced in terms of age, stage, multifocal or nodal

involvement, and bulky disease. As initial treatments, 24
patients (48.0%), including 13 cases of the stomach,
underwent surgery. Chemotherapy was given to 41 patients
(82.0%, 23 in the stomach). The chemotherapy strategies
included CHOP-like regimen (cyclophosphamide, vincristine,
doxorubicin, and prednisone) in 30 cases, COP regimen
(cyclophosphamide, vincristine, and prednisone) in five cases,
R-CHOP regimen (rituximab followed by CHOP regimen) in
three cases, and FND-like (fludarabine, mitoxantrone, and
dexamethasone) in three cases. The median number of
chemotherapy cycles given was four. Only three patients
(6.0%, one gastric lymphoma) received radiation to the
primary tumors and draining lymph nodes. A Helicobacter
pylori infection was found in seven cases of the stomach. Of
these, three patients with local lesions received H. pylori
eradication treatment, and the other four cases with advanced
lesions received chemotherapy as the initial treatment.

Table 1 Characteristics of patients with gastric and intestinal
lymphomas

Variable Total
(no.)

Gastric
lymphomas
(no.)

Intestinal
lymphomas
(no.)

P value

Age (years) 0.879

≤60 31 17 14

>60 19 10 9

Lugano stage 0.151

I–II 34 16 18

IIE–IV 16 11 5

B symptoms 0.945

Yes 28 15 13

No 22 12 10

Multifocal disease 0.178

Yes 18 12 6

No 32 15 17

Nodal involvement 0.109

Yes 19 13 6

No 31 14 17

Bulky disease 0.636

Yes 9 6 3

No 41 21 20

Polymorphic histology 0.158

Yes 11 8 3

No 39 19 20

PIK3CA expression 0.908

Yes 20 11 9

No 30 16 14

FOXP1 expression 0.042

Yes 23 16 7

No 27 11 16
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Follow-up data were available for all patients (median,
68.4months; range, 6.8–167.0 months). Of the 50 patients, 36
(72.0%, 18 in the stomach) achieved a complete remission
(CR) after initial treatment. At the time when the last survey
was conducted, 11 patients (22.0%, nine gastric lymphomas)
died of lymphoma dissemination (ten) and of tumor-unrelated
disease (one). Relapses occurred in 19 cases (38.0%, 12
gastric lymphomas). The PFS and OS rates for all cases at
5 years were 65.9% and 81.5%, respectively.

Histological and immunohistochemical features

The main pathologic and immunohistochemical features of
the 50 MALT lymphomas are summarized in Table 1. The
diagnosis of MALT lymphoma was accounted for by 26
biopsies (52.0%) and 24 surgical samples (48.0%). Eleven
cases (22.0%) were of polymorphic histology (Fig. 1),
including eight gastric lymphomas and three intestinal
lymphomas. Polymorphic histology was discovered in seven
biopsies and four surgical tumors. No significant correlation
was observed between the specimens (biopsy or surgery)
examined and polymorphic histology (P=0.382). In total, a
positive cytoplasmic expression of PIK3CA was detected in
20 cases (40.0%), and a positive nuclear expression of
FOXP1 was detected in 23 (46.0%) cases. It should be noted
that FOXP1 nuclear expression was significantly different
between gastric and intestinal lymphomas (59.3% vs. 30.4%;
P=0.042). Representative positive expressions of each
protein are shown in Fig. 1.

Protein levels in relation to clinical variables
and histological features

The relationship of 50 gastrointestinal MALT lymphomas
associated with clinical variables and protein levels or
histological features are shown in Table 2. Overall, nine
of 11 polymorphic lymphomas (81.8%) were FOXP1-
positive, whereas 14 of 39 tumors (35.9%) in the
monomorphic histology group were FOXP1-positive.
The difference was significant (χ2=7.284; P=0.007).
FOXP1 positivity also had a trend to correlate with nodal
involvement (χ2=3.632; P=0.057). No other significant
relationships were found.

Histological features and protein levels in relation
to treatment outcomes

Among the 27 gastric lymphomas, patients in the
FOXP1-positive group had a lower CR rate than those
in the FOXP1-negative group (50.0% vs. 90.9%; P=
0.042, Fisher’s exact test). Histological features and
PIK3CA expression were not associated with the CR
rate. A univariate analysis indicated a significantly shorter
5-year OS (48.6%) in patients with high FOXP1 expres-
sion compared to those with negative expression (90.9%;
χ2=4.437, P=0.035, Fig. 2). Other variables associated
with a poor OS rate included polymorphic histology (χ2=
6.041; P=0.014) and the Lugano stage IIE-IV (χ2=5.733;
P=0.017). Patients with negative PIK3CA expression had

Fig. 1 a An intestinal MALT
lymphoma with monomorphic
histology (H & E, ×1,000). b A
gastric MALT lymphoma with
polymorphic histology (H & E,
×1,000). c PIK3CA expression
(showing stained cytoplasm,
×400). d FOXP1 expression
(showing stained nucleus, ×400)
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a significantly longer 5-year PFS than those with positive
PIK3CA expression (81.3% vs. 18.2%; χ2=11.616, P=
0.001, Fig. 2). For 23 intestinal lymphomas, polymorphic
histology was identified as a prognostic factor for OS
(χ2=6.67; P=0.010). A significantly longer 5-year PFS
(80.8%) was found in patients with negative PIK3CA
expression compared to those with a positive expression
(44.4%; χ2=5.912, P=0.015, Fig. 2). No other significant
correlations were found between protein levels and
treatment outcomes.

In this study, PIK3CA and FOXP1 expression were
associated with patients’ exhibiting poor prognosis. As a
result, we grouped the patients into two categories:
PIK3CA and FOXP1 positive, and all others. The 5-year
OS and PFS of gastric lymphoma patients with double
negative PIK3CA and FOXP1 expression was 88.9%
and 71.8%, respectively, while it was 41.7% and 22.2%
for the other patients (P=0.007 and P=0.005). Patients
with intestinal lymphomas exhibiting double positive
PIK3CA and FOXP1 expression had a poorer OS and
PFS (66.7% vs. 90.9% and 33.3% vs. 71.7%, P=0.010
and P=0.085).

Discussion

The phosphatidylinositol 3-kinase (PI3K)/AKT pathway
mediates key cellular functions, including growth, prolifer-
ation, survival, angiogenesis, and motility [24]. Studies
have showed that the PI3K/AKT pathway is activated in
DLBCL and contributed to the pathogenesis of mantle cell
lymphoma [25, 26]. For MALT lymphoma, deletion of two
downstream targets of the PI3K/AKT pathway, PTEN and
SHIP, resulted in spontaneous marginal zone lymphoma
[27]. Overexpression of pAKT was also observed in gastric
DLBCL with histological evidence of MALT lymphoma
[28]. Somatic mutations have been reported in the PIK3CA
gene that encodes the catalytic subunit p110a of PI3Ks in
several types of human cancer [29]. However, the mutation
of the PIK3CA gene was rarely seen in hematopoietic
tumors. As described by Bousquet et al., none of the 80
NHLs, including seven MALT lymphomas possessed
somatic mutations of the PIK3CA gene [30]. High level
amplification of the 3q26.2-27 region in MALT lymphoma,
which harbors the PIK3CA gene, may be partially
responsible for its activation. In the present study, PIK3CA

Variable PIK3CA positivity FOXP1 positivity

No. (%) P value No. (%) P value

Age (years) 0.812 0.879

≤60 12 (38.7) 14 (45.2)

>60 8 (42.1) 9 (47.4)

Sex 0.726 0.340

Male 11 (37.9) 15 (51.7)

Female 9 (42.9) 8 (38.1)

Lugano stage 0.322 0.108

I-II 12 (35.3) 13 (38.2)

IIE-IV 8 (50.0) 10 (46.0)

B symptoms 0.103 0.615

Yes 14 (50.0) 12 (42.9)

No 6 (27.3) 11 (50.0)

Multifocal disease 0.270 0.108

Yes 6 (33.3) 11 (61.1)

No 14 (43.8) 12 (37.5)

Nodal involvement 0.153 0.057

Yes 10 (52.6) 12 (63.2)

No 10 (32.3) 11 (35.5)

Bulky disease 0.940 0.315

Yes 3 (33.3) 6 (66.7)

No 17 (41.5) 17 (41.5)

Polymorphic histology 0.143 0.007

Yes 7 (63.6) 9 (81.8)

No 13 (33.3) 14 (35.9)

Table 2 Protein levels in
relation to pathological features
and clinical parameters
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expression was evaluated in MALT lymphoma for the first
time. The expression of PIK3CA (40.0%) inMALT lymphoma
was lower than that of nasopharyngeal cancer (81.8%) and
ovarian cancer (about 70%) [12, 31]. We have recently
identified the prognostic impact of PIK3CA expression in
40 gastrointestinal MALT lymphomas with a limited follow-
up [32]. In the current study, the difference in PIK3CA was
significant in a cohort of gastrointestinal lymphomas over a
longer period. These observations support the investigation of
PIK3CA gene amplification in MALT lymphoma and the
involvement of PTEN and pAKT expression in the activation
of the PI3K/AKT pathway.

FOXP1 is a member of the FOXP1 subfamily of forkhead
transcription factors, which plays diverse roles in cellular
proliferation, differentiation, chromatin remodeling, mitotic
program, and neoplastic transformation [33]. The translocation
t(3;14)(p14.1;q32) that contributes to FOXP1 gene amplifi-
cation and overexpression has been associated with extra-
nodal diseases including MALT lymphomas of the thyroid,
ocular adnexa and skin, but seldom of the gastrointestinal
tract [5]. In a Japanese study, t(3;14)/FOXP1-IGH was only
detected in one of 59 (1.7%) gastric MALT cases, but
additional copies of FOXP1 were detected in ten of 59 (17%)
cases [34]. Trisomy of chromosome 3, involved in MALT

Fig. 2 a Overall survival curves: positive vs. negative expression of
FOXP1 in gastric MALT lymphoma. b Progression-free survival
curves: positive vs. negative expression of PIK3CA in gastric MALT

lymphoma. c Progression-free survival curves: positive vs. negative
expression of PIK3CA in intestinal MALT lymphoma

918 Tumor Biol. (2011) 32:913–920



lymphoma, may contribute to extra copies and FOXP1
protein overexpression [6–8]. In addition, FOXP1 expression
was found in 28.6% to 44.2% of MALT lymphomas of
various sites [35, 36] consistent to what we observed in our
study (46.0% overall). We also observed differences in
FOXP1 nuclear staining between gastric and intestinal
lymphomas (59.3% vs. 30.4%). The difference was not due
to bias from various pathological samples because the
categorization of specimens (biopsy or surgery) between
gastric and intestinal lymphomas was similar (P=0.982). This
distribution may indicate phenotypic differences in gastric
and intestinal lymphoid tissue, which can be divided into
acquired and native MALT types. The native type consists of
lymphoid tissue present in the gut (e.g., Peyer’s patches),
whereas acquired MALT develops in sites of inflammation in
response to infection such as H. pylori gastritis [2, 37]. The
initial stage of gastric MALT, involving continuous
antigen-dependent growth of B lymphocytes, may in-
clude more aberrations related to the FOXP1 gene than
that of intestinal MALT. This hypothesis may be partially
supported by a study in which 22% of gastric MALT
lymphomas in comparison with 17% of nongastric MALT
lymphomas had t(3;14)/FOXP1-IGH translocation and
three copies of FOXP1 [38].

Recent data have showed that FOXP1 protein over-
expression was associated with a poorer survival in MALT
lymphoma at various sites [36]. In the current study, the
prognostic value of the FOXP1 expression was evaluated
individually from gastric and intestinal cases because of
different clinical behaviors at different anatomic sites. The
5-year survival in patients with high FOXP1 expression
was significantly lower in gastric MALT lymphomas,
consistent with observations made by Han et al. [35]. An
interesting finding was the relationship between the FOXP1
expression and polymorphic histology. The dynamics of
phenotypic evolution associated with FOXP1 were also
observed by Han et al. and Sagaert et al. which elucidated
the role of FOXP1 during the transition of a MALT
lymphoma to a more aggressive lymphoma [35, 36].
Therefore, FOXP1 expression may be a prognostic and
predictive marker for patient survival and histological
transition, respectively.

In the current study, both PIK3CA and FOXP1
expression were associated with patients’ displaying poor
survival. Because the expression of PIK3CA and FOXP1
can be assessed by immunohistochemistry, we combined
these two markers and found that patients that are
positive for both PIK3CA and FOXP1 in gastrointestinal
MALT lymphomas had a poorer OS and PFS. To the best
of our knowledge, this is the first study to determine the
prognostic value of combined PIK3CA and FOXP1 in
MALT lymphoma. Additional studies involving a pro-
spective analysis of patients is needed to determine

whether this could be used as a prognostic criterion for
MALT lymphoma.

In this study, the cutoff to differentiate the monomorphic
and polymorphic histologies was consistent with the
previous findings in which the monomorphic histology
(<5% LC components) represented pure low-grade disease
[18]. Although polymorphic histology was identified as a
prognostic factor for OS in the present study, a comparison
was difficult between various studies of MALT lymphoma
and DLBCL due to categorizing by “low-grade MALT” and
“high-grade MALT” [17–19]. A recent study using the
WHO criteria found a poor 5-year disease-free survival
with polymorphic histology, but the cutoff was not clear
[36]. To our current knowledge, histological grading of
follicular lymphoma, another common indolent lymphoma,
has been recommended in the WHO classification.
However, no data is readily available to address whether
MALT lymphomas with polymorphic histology should be
separated and further treated with more intensive treat-
ment. Prospective trials may focus on this group of
patients with a new treatment strategy.

Taken together, our results showed that FOXP1 staining is
more common in gastric than in intestinal MALT lymphomas
and associated with polymorphic histology. A univariate
analysis indicated that PIK3CA and/or FOXP1 expression
positively correlated with a poorer survival in gastrointestinal
MALT lymphomas. However, a multivariate analysis was not
conducted due to the relatively small sample size in the
present study. Further studies focusing on the cytogenetic and
histological features of gastrointestinal MALT lymphomas are
needed.
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