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Summary Cortactin is a cytoskeletal-remodeling adaptor protein, playing an oncogenic role in solid tumors.
Little is known on cortactin expression in non-Hodgkin B-cell lymphomas (B-NHLs). The present study
aimed to characterize cortactin expression in B-NHLs and to assess its role in the differential diagnosis of
such entities. Cortactin protein expression was first assessed by immunohistochemistry in a series of 131
B-NHLs, including B-cell chronic lymphocytic leukemia (CLL; n = 17), mantle cell lymphoma (MCL; n
= 16), follicular lymphoma (FL; n = 25), marginal zone lymphoma (MZL; n = 30), hairy cell leukemia
(HCL; n = 10), splenic diffuse red pulp small B-cell lymphomas (SDRPBL; n = 3), and diffuse large B-cell
lymphoma (DLBCL; n = 30) cases. Cortactin was expressed in 14 of 17 CLLs, 10 of 10 HCLs, and 22 of 30
DLBCLs. MCLs, SDRPBLs, most FLs, and MZLs were cortactin negative. The immunohistochemical re-
sults were in keeping with in silico gene expression data. In CLL, cortactin positivity did correlate with
LEF1 and CD200 expression, and the combined positivity for >2 markers strongly predicted CLL diagno-
sis. Such preliminary data suggested a role for cortactin in the differential diagnosis between CLL and MCL.
This hypothesis was confirmed in a large validation set of 112 CLLs (n=55) and MCLs (n = 57), which also
disclosed rare cortactin-expressing MCLs. The immunohistochemical and gene expression results were
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phoma; MCL, mantle cell lymphoma; MFI, mean fluorescence intensity; miRNA, microRNA; MZL, marginal zone lymphoma; NMZL, nodal
marginal zone lymphoma; NPV, negative predictive value; PPV, positive predictive value; SDRPBL, splenic diffuse red pulp small B-cell lym-
phoma; SMZL, splenic marginal zone lymphoma.
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sustained by flow cytometry and Western blot analysis on CLL and MCL cell lines. In conclusion, cortactin
is mainly expressed in subsets of CLL and DLBCL and in HCL. Cortactin may represent a novel marker for
the differential diagnosis between CLL and MCL.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Cortactin is a cytoskeletal-remodeling adaptor protein,
encoded by the CTTN gene on chromosome 11q13 [1]. Cor-
tactin-mediated cytoskeletal rearrangements participate to sev-
eral biological processes, including the following: (i) cell
motility/migration, (ii) cell-cell adhesion, (iii) extracellular
matrix degradation, and (iv) membrane trafficking [2-5].
These biological effects are largely dependent on the interac-
tion with different cytosolic proteins, including the actin-nu-
cleation complex Arp2/3 and proteins of the WASP family [6].

Cortactin is a key regulator of several physiological pro-
cesses, such as embryonic development [7], neural morpho-
genesis [8], and trans-endothelial leukocyte extravasation
[9]. Tt is also involved in a variety of pathologic conditions,
including infectious, inflammatory, and neoplastic diseases.
In particular, cortactin overexpression has been reported in
head and neck squamous cell carcinoma [10], non—small cell
lung cancer [11], and gastrointestinal, genitourinary, and
breast carcinomas [5,12,13]. Its upregulation has also been
documented in high-grade astrocytic tumors [ 14] and pediatric
osteosarcomas [15]. In all such neoplasms, increased CTTN
expression has been associated with aggressive clinical behav-
ior and poor prognosis. This is probably due to cortactin-medi-
ated promotion of malignant cell growth, invasion, and
dissemination [1].

Few data on cortactin expression in hematopoietic and
lymphoid cells are available. Seminal studies demonstrated
arole for this protein in megakaryocytic differentiation [16],
monocytic and dendritic cell function [17], and B-/T-cell acti-
vation [18]. Among lymphoproliferative disorders, cortactin
upregulation has originally been reported in cell lines of Bur-
kitt lymphoma, multiple myeloma, and T-cell acute lympho-
blastic leukemia/lymphoma [19,20]. More recently, cortactin
expression has been documented in primary CLL cells [21].
Of note, such studies mainly assessed cortactin positivity by
Western blot and/or quantitative reverse transcription poly-
merase chain reaction analyses. Only preliminary results are
instead available on the protein immunohistochemical expres-
sion [21].

The present study aimed to investigate cortactin immuno-
histochemical expression in a large series of B-NHLs/leuke-
mias and to assess its role in the differential diagnosis of
these entities. The obtained results were integrated by Western
blot and flow cytometry analysis on primary and immortalized
human lymphoma cell lines and by in silico assessment of
CTTN gene expression.

2. Materials and methods
2.1. Case selection

This retrospective study assessed cortactin immunohisto-
chemical expression in a test set of 131 clinically annotated
B-NHLs/leukemias, retrieved from the archives of the Surgical
Pathology and Cytopathology Unit of Padova University Hos-
pital (Padova, Italy). These cases include the following: (i) 25
FLs of different grades (grade 1 FL, n = 7; grade 2 FL, n =9;
grade 3 FL, n=9), (ii) 17 CLLs, (iii) 16 MCLs, (iv) 30 MZLs
of different types (EMZL, 17 cases; NMZL, 6 cases; SMZL, 7
cases), (v) 10 HCLs, (vi) 3 SDRPBLs, and (vii) 30 DLBCLs,
not otherwise specified (GCB type DLBCL, 16 cases; non-
GCB type DLBCL, 14 cases). Such tumor cases included
nodal (CLL, FL, NMZL, DLBCL), gastric (EMZL), splenic
(SMZL, HCL, and SDRPBL), and bone marrow (HCL) tissue
samples. All cases were diagnosed according to the revised
fourth edition of the WHO Classification of Tumours of Hema-
topoietic and Lymphoid Tissues [22]. In particular, all FLs
stained positive for Bcl6, CD10, and Bcl2; all MCLs showed
positivity for cyclin D1 (15 cases) or, in its absence, for
SOXI11 (1 case); and all CLLs did express CD5 and CD23.
In CLL cases, data on CD200 and LEF1 expression were also
available.

As a validation set for the differences highlighted between
CLL and MCL, a further series of 112 CLL (n=55) and MCL
(n=57) cases were retrieved from the archives of the Hemato-
pathology Unit of Sant’Orsola University Hospital (Bologna,
Italy). The immunohistochemical analysis was performed on
tissue microarrays, prepared from donor samples with the
Manual Tissue Arrayer MTA-1 (Beecher Instruments, Sun
Prairie, WI), as previously described [23].

Cortactin expression was also assessed in nonneoplastic
lymphoid and hematopoietic tissue samples, including the fol-
lowing: (i) 5 lymph nodes with reactive follicular hyperplasia;
(i1) 2 spleens, removed for procedure-related reasons during
major abdominal surgery; and (iii) 5 nonneoplastic bone mar-
row samples. Each institute ethical regulation for research on
human tissues was followed, consistent with the Declaration
of Helsinki.

2.2. Immunohistochemical analysis

Immunohistochemistry was performed on 4-pum-thick
FFPE sections, using a primary anticortactin rabbit polyclonal
antibody (Abcam, Cambridge, United Kingdom; dilution:
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1:100). Heat/EDTA-based antigen retrieval methods were ap-
plied, as previously described [23]. Antigen detection was per-
formed with the Bond Polymer Refine Detection kit in an
automated immunostainer (Bond maX; Menarini, Florence, It-
aly). Endothelial and stromal cells were used as positive inter-
nal controls. Cortactin immunostain was semiquantitatively
scored in a 4-tiered scale, as follows: score 0, negative stain-
ing; score 1+, positive staining in <30% of neoplastic cells;
score 2+, positive staining in 31% to 60% of neoplastic cells;
and score 3+, positive staining in >61% of neoplastic cells.
Immunohistochemical reactions were independently scored
by 3 pathologists (M. P., D. S., and E. S.), with excellent
intraobserver/interobserver agreement (k > 0.80). In case of
discrepancy, a consensus opinion was rendered after joint ses-
sions at the microscope.

Double immunostain for cortactin and PAX5 was per-
formed on 4-um-thick FFPE sections using the anticortactin
rabbit polyclonal (Abcam; see above) and anti-PAXS5 rabbit
monoclonal (clone SP-34; Sigma-Aldrich, Milan, Italy) anti-
bodies in the Bond maX automated immunostainer (Bond
Polymer Refine Detection kit with peroxidase for cortactin;
Bond Polymer Refine Red Detection kit with phosphatase
for PAXS).

For LEF1 and CD200 immunohistochemical analysis, the
primary anti-LEF1 rabbit monoclonal (Abcam; clone
EPR2029Y, dilution: 1:100) and anti-CD200 goat polyclonal
(R&D System, Minneapolis, MN; dilution: 1:80) antibodies
were used. The EnVision Flex Target Retrieval Solution
High pH-based antigen retrieval method was applied. Antigen
detection was performed with the Alkaline REAL Detection
System Alkaline Phosphatase/RED Rabbit/Mouse (DakoCy-
tomation, Glostrup, Denmark; code K5005) for LEF1 and
with the Goat-on-Rodent-HRP-Polymer (Biocare Medical,
Pacheco-CA; code GHP516L) for CD200, in an automated
immunostainer (Autostainer Plus; DakoCytomation).

2.3. cDNA microarray analysis

To confirm the immunohistochemical results at a messen-
ger RNA (mRNA) level, the Oncomine database and gene mi-
croarray analysis tool was explored (September 2018) for
CTTN expression in low-grade and high-grade peripheral B-
cell lymphoma/leukemias (http//:www.oncomine.org). Inclu-
sion criteria for the in silico analysis were set as follows: (i)
gene expression studies had to assess CTTN mRNA levels in
both CLL, MCL, FL, MZL, HCL, and DLBCL (both GCB
and non-GCB type) and (ii) CTTN expression data had to be
assessed in multiple cases for each considered entity. Such in-
clusion criteria were met by one data set for low-grade B-cell
lymphomas [24] and one data set for DLBCL [25].

2.4. B-NHL lines

The immunohistochemical and gene expression results
were further confirmed by Western blot analysis on the

following: (i) 2 MCL cell lines (REC-1 and Jeko cells), (ii) 1
CLL immortalized cell line (MEC-1 cells), and (iii) primary
CLL cells from the peripheral blood of untreated patients (n
=5 for Western blot studies, n = 20 for flow cytometry analy-
sis). Cell lines were cultured in RPMI 1640 with 10% fetal bo-
vine serum and 5% penicillin/streptavidin. They were
routinely maintained at 37°C in a humidified atmosphere, con-
taining 5% CO,/95% air. Control, untouched CD19-positive B
cells from 4 healthy donors were isolated from buffy coat by
negative selection using the RosetteSep for B-cell isolation
kit (StemCell Technologies, Vancouver, Canada).

2.5. Western blot analysis

For Western blot analysis, 5 x 10° cells for each assay were
prepared by cell lyses with Tris 20 mM, NaCl 150 mM, EDTA
2 mM, EGTA 2 mM, and Triton X-100 0.5% supplemented
with complete protease inhibitor cocktail (Roche, Mannheim,
Germany) and sodium orthovanadate 1 mM (Calbiochem,
Gibbstown, NJ). Total proteins were separated in SDS-PAGE,
transferred to nitrocellulose membranes, and stained with a
primary anticortactin polyclonal antibody (Abcam; dilution
1:1000) and an anti—P-actin monoclonal antibody (Sigma-Al-
drich, St Louis, MO; dilution 1:1000). Cortactin expression
was titrated on endogenous [3-actin, and the cortactin/p3-actin
ratio was used to compare the protein levels in different cell
lines. In detail, cortactin expression was stratified as follows:
(1) low expression, cortactin/B-actin ratio <1.00; (ii) moderate
expression, cortactin/3-actin ratio between 1.00 and 2.00; and
(iii) high expression, cortactin/3-actin ratio >2.00.

2.6. Flow cytometry analysis

Flow cytometry was performed on the following: (i) pu-
rified CD5+/CD19+ cells from 20 CLL patients, (ii)) CD19+
cells from 4 healthy donors, and (iii) CLL (ie, MEC-1) and
MCL (ie, REC-1 and Jeko) cells lines. The FACS CANTO
A cytometer (Becton Dickinson, Mountain View, CA) was
used. In short, cells were fixed and permeabilized with the
Fix & Perm kit (Invitrogen, Carlsbad, CA) according to
the manufacturer’s instructions. The fluorescein isothiocya-
nate—conjugated anti-CD5 (Becton Dickinson Biosciences,
San Jose, CA), the allophycocyanin-conjugated anti-CD19
(Becton Dickinson Biosciences, San Jose, CA), the
Alexa488-conjugated anticortactin (Millipore, Burlington,
MA), and the fluorescein isothiocyanate—conjugated anti-
mouse IgG1 (Millipore) antibodies were used to stain the
cell suspensions. The cytometric analysis was based on gat-
ing intact cells by forward light scatter versus right-angle
light scatter and, as a second step, on assessing cortactin ex-
pression in CD19+/CD5+ CLL and control cells. The ratio be-
tween cortactin MFI and control IgG1 was also calculated and
used to stratify each case according to cortactin positivity, as
previously described [21]. A minimum of 30 000 total events
were acquired per tube.
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2.7. Statistical analysis

Differences in cortactin immunohistochemical expression
rates were assessed using the Fisher exact test. Differences in
Western blot and flow cytometry expression levels were tested
using the analysis of variance test, whereas differences in mean
CTTN mRNA levels from in silico gene expression data sets
were assessed using the Student # test for independent means.
Statistical analysis was performed with the R statistical software
(http://www.r-project.org). For each test, differences were
considered statistically significant for P values less than .05.

3. Results

3.1. Cortactin expression in normal lymphoid tissue
and bone marrow

In lymph nodes with reactive lymphoid hyperplasia, cortac-
tin was strongly expressed in the cytoplasm of endothelial and
smooth muscle cells of both lymphatic sinuses and blood ves-
sels. High-endothelial venules and stromal cells of the paracor-
tical areas were also uniformly positive. Within GCs, cortactin

immunostain disclosed an onion skin—like pattern, akin to the
one observed with follicular dendritic cell (FDC) markers
(CD21, CD23, and CD35; Fig. 1A). Scattered cells within
GCs disclosed cytoplasmic positivity for cortactin, but double
immunostaining for cortactin and PAXS did exclude a B-cell
origin for such elements (Fig. 1B). Mantle, marginal, and para-
cortical zones were consistently cortactin negative (Fig. 1A
and B).

In nonneoplastic spleens, cortactin staining recapitulated
the nodal findings. In the white pulp, cortactin was expressed
by FDCs and stromal and endothelial cell. Lymphoid cells
within the GCs and mantle and marginal zones were almost
completely negative. In the red pulp, diffuse protein expres-
sion was observed in littoral cells of venous sinuses and endo-
thelial and stromal cells (Fig. 1C).

In the bone marrow, cortactin expression was restricted to
megakaryocytes and isolated myeloid/histoid cells. Scattered
stromal cells were also positive, whereas interstitial lympho-
cytes did not show any protein positivity (Fig. 1D).

3.2. Cortactin expression in small B-NHLs/leukemias

Cortactin immunohistochemical expression was assessable
in all small B-NHL cases (Table). In detail, diffuse cytoplasmic

Fig. 1  Cortactin expression in normal lymphoid and hematopoietic tissue. A, In reactive lymph nodes, cortactin positivity was found in FDCs,
endothelial cells, and paracortical stromal cells. Most lymphocytes were cortactin negative, with only scattered positivity in GC lymphoid cells
(insert). B, Double immunostain for cortactin (brown) and PAXS (red) disclosed that cortactin-positive lymphoid cells did not coexpress the
pan—B-cell marker PAXS (insert). C, In the nonneoplastic spleen, cortactin was expressed in both the white and the red pulp. The white pulp pat-
tern paralleled the lymph node findings. The red pulp showed strong cortactin positivity in littoral cells (splenic sinusoids), endothelial cells (red
pulp microvessels), and perivascular stromal cells. D, In normal bone marrow, cortactin expression was restricted to megakaryocytes (lower right),
scattered stromal and rare myeloid cells. Inmunoperoxidase and phosphatase stain, original magnifications x10, %20, and x40.
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Table Cortactin expression in a test set of 131 B-NHLs/leukemias
Cortactin immunohistochemical score Total
Score 0 Score 1+ Score 2+ Score 3+ (%)
CLL 3 7 1 6 17
(17.6) 41.2) (5.9) (35.3) (100.0)
MCL 16 0 0 0 16
(100.0) ) ) ) (100.0)
FL 23 0 0 2 25
(92.0) -) ) (8.0) (100.0)
NMZL 1 5 0 0 6
(16.7) (85.7) -) -) (100.0)
EMZL 10 7 0 0 17
(58.8) 41.2) ) -) (100.0)
SMZL 6 1 0 0 7
(85.7) (14.3) -) ) (100.0)
SDRPBL 3 0 0 0 3
(100.0) ) =) ) (100.0)
HCL 0 0 0 10 10
) ©) ©) (100) (100)
DLBCL
GCB type® 4 4 3 5 16
(13.3) (13.3) (10.0) (16.7) (53.3)
Non-GCB type* 4 2 3 5 14
(13.3) 6.7) (10.0) (16.7) (46.7)

NOTE. Values inside parentheses refer to the percentage of cases for each subgroup.

? According to Hans algorithm.

positivity was documented in 14 of 17 CLL cases (score 1+, 7/
17 cases; 2+, 1/17 case; score 3+, 6/17 cases), with complete
negativity (score 0) in the remaining 3 of 17 samples. The pro-
tein was positive in both the small cells and the paraimmuno-
blasts of proliferation centers. Cortactin positivity correlated
with LEF1 and CD200 expression. Of note, cortactin immuno-
stain did not correlate with any clinical, prognostic, molecular
and/or cytogenetic feature of the analyzed cases. Moreover, no
differences in the overall and progression-free survival were
noted between cortactin-positive and cortactin-negative cases
(Supplementary Table 1 and Supplementary Fig. 1).

A subset of MZLs (score 1+, 13/30 cases) stained positive
for the protein, whereas none of the MCL and SDRPBL cases
turned out to be positive. Of note, cortactin was expressed
(score 3+) in all HCL cases (both splenic and bone marrow sam-
ples) and in 2 of 25 FLs (Fig. 2A-M; Table). The remaining 23/
25 FL cases only disclosed scattered cortactin-positive lym-
phoid elements of non—B-cell lineage (Supplementary Fig. 2).

Statistical analysis disclosed higher cortactin expression
rates in CLL and HCL compared with MCL and FL (Fisher
exact test, P < .05). The protein was also more frequently
expressed in CLL compared with MZL (considered as a
group), but statistical differences according to the MZL sub-
type did not provide any consistent result.

From a diagnostic point of view, the immunohistochemical
results suggested a role for cortactin mainly in the differential
diagnosis between CLL and MCL. To confirm these prelimi-
nary results, cortactin expression was assessed in a validation
set of 112 CLL (n = 55) and MCL (n = 57) cases, retrieved

from the archives of the Hematopathology Unit of Sant’Orsola
University Hospital. Cortactin positivity was documented in
18 of 55 CLL (score 1+, 13/55; score 2+, 4/55; score 3+, 1/
55)and in 5 of 57 MCL (score 1+, 4/57; score 3+, 1/57) cases.
The differences in protein expression rates were statistically
significant (Fisher exact test, 7 < .01), and cortactin was con-
firmed as a highly specific marker (91.2%) of CLL. The sensi-
tivity (32.7%), positive predictive value (PPV; 78.3%), and
negative predictive value (NPV; 58.4%) of such marker were,
however, lower than in the test set.

These results prompted to investigate the hypothesis that the
joint assessment of cortactin and other CLL-specific markers
(ie, LEF1 and CD200) better differentiates CLL from MCL. In-
deed, the expression of 2 or more of such proteins disclosed very
high sensitivity (89.1%), specificity (100%), PPV (100%), and
NPV (90.5%) for the diagnosis of CLL. Overall, these results in-
dicate cortactin as a novel CLL-specific marker, significantly
contributing to the differential diagnosis with MCL.

3.3. Cortactin immunohistochemical expression in
DLBCL

Cortactin expression was documented in 22 of 30
DLBCLs, not otherwise specified (12/16 GCB-type and 10/
14 non—GCB-type cases; Table). In detail, the protein was
expressed with moderate (score 2+) to strong (score 3+) inten-
sity in 16 of 30 cases, without statistically significant differ-
ences between GCB and non-GCB cases. Weak (score 1+)
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Fig. 2  Cortactin expression in non-Hodgkin small B-cell lymphomas. A-D, CLL was characterized by variable cortactin expression, spanning

from complete negativity (A) to weak (B), moderate (C), and strong (D) positivity. E-F, The majority of FL was cortactin negative (E), with only
rare cases featuring strong protein expression (F). G-K, Nodal (G), extranodal (H), and splenic (I) MZLs were characterized by low-to-absent cor-
tactin expression. Similar results were reported in MCL (J) and SDRPBL (K). L and M, All tested HCL cases disclosed strong and diffuse cortactin
positivity in both splenic (L) and marrow (M) samples. N-P, DLBCL showed variable cortactin expression, from complete negativity (N) to strong
positivity in both GCB (O) and non-GCB cases (P). In silico gene expression analysis (Oncomine database) disclosed the highest CTTN mRNA
levels in HCL. CLL and FL were characterized by higher CTTN expression compared with MCL. Differences with MZL were not statistically
significant. Parallel studies in DLBCL showed high CTTN mRNA levels in both non-GCB and GCB samples, without statistically significant dif-
ferences between the subgroups. A-P, Immunoperoxidase stain, original magnification x20. Q, *P < .05. ns, not statistically significant.
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cortactin positivity was instead detected in 4 of 16 GCB-type
and in 2 of 14 non GCB-type DLBCLs (Fig. 2N-P). Cortactin
expression did not significantly correlate with any clinical-
prognostic parameter.

3.4. CTTN gene expression profile in B-NHLs/leukemias

In silico gene expression analysis of the available data set of
small B-cell lymphomas/leukemias [24] disclosed higher
CTTN mRNA levels in CLL and FL compared with MCL (¢
test, P = .02, respectively). Differences between CLL and FL
were not statistically significant. MZL also featured higher
CTTN mRNA levels than MCL, but such a difference did
not reach statistical significance (Student ¢ test, P = .86). Of
note, HCL was associated with the highest CTTN expression
levels (Student ¢ test, P < .05; Fig. 2Q).

As for the DLBCL cases [25], CTTN mRNA levels were
significantly higher compared with control samples, whereas
differences between GCB and non-GCB cases were not statis-
tically significant (Fig. 2Q).

3.5. Western blot and flow cytometry analysis on MCL
and CLL cells

Cortactin expression was further assessed by Western blot
analysis on immortalized MCL (REC-1 and Jeko) and CLL
(MEC-1) lines, and on primary lymphocytes from the periph-
eral blood of 5 CLL patients and 3 healthy donors. In keeping
with the immunohistochemical data, REC-1, Jeko, and

Rec-1 Mec-1 CLL#1 CLL#2 CLL#3 CLL#4  CLLH#S

* — - 0/50kDa

45kDa

A Ctrl  Jeko

WB: anti - Cortactin

WB:ANG- 3N et ey G— — — G S— S— —

o8]

Cortactin/p -actin ratio

ccccc

REC-1
cells

MEC-1
cells

Jeko
cells

Low Moderate High
intensity intensity intensity
CLLs CLLs CLLs

Fig. 3

nonneoplastic B cells were consistently cortactin negative.
By contrast, 4 of 5 primary CLL cells and the MEC-1 line dis-
closed variable protein positivity (Fig. 3A and B).

In line with the immunohistochemical and Western blot re-
sults, flow cytometry disclosed very low to absent cortactin
expression (MFI < 300) in normal B cells, MCL lines (ie,
REC-1 and Jeko), and in a subset of primary CLL samples
(n="7). By contrast, MEC-1 cells and most primary CLL sam-
ples (n = 13) featured moderate to strong protein positivity
(MFI > 445; Fig. 3C).

4. Discussion

The present study highlights remarkable differences in cor-
tactin expression among B-NHLs/leukemias and, for the first
time, pinpoints immunohistochemistry as a valuable tool for
cortactin assessment in lymphoid tissues.

In nonneoplastic lymphoid samples, cortactin expression
was largely restricted to stromal cells, FDCs, and scattered
GC lymphocytes of non—B-cell lineage. Among low- and
high-grade B-cell lymphomas/leukemias, cortactin was
expressed in HCLs, in most CLLs and DLBCLs, in a propor-
tion of MZLs (mostly at low scores), and in rare cases of FL.
Although CLL positivity is in keeping with previously re-
ported data [21], cortactin expression in HCL, DLBCL, FL,
and MZL has not been reported in the literature so far.

In our series, cortactin expression did not correlate with any
clinical/prognostic features of CLL and DLBCL (ie,

40007
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cells

Ctrl Jeko
B-cells cells
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intensity intensity intensity
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Western blot and flow cytometry analysis in MCL and CLL lines. A, Western blot analysis disclosed consistent negativity for cortactin in

both MCL cell lines (Jeko and REC-1) and control B-lymphocytes. In line with the immunohistochemical results, primary (CLL#1, CLL#2,
CLL#3, CLL#4, CLL#5) and immortalized (MEC-1) CLL cells showed variable protein expression. B, Densitometric analysis (cortactin/3-actin
ratio) in normal B lymphocytes (Ctrl B cell; n =4), Jeko, REC-1, and MEC-1 cell lines, and in CD19+/CD5+ B cells from CLL patients with low (n
= 7), moderate (n = 10), and high (n = 3) cortactin expression. Data obtained were evaluated for their statistical significance with the analysis of
variance test (****P <.0001). C, By flow cytometry, MFI for cortactin was evaluated in normal B lymphocytes (Ctr]l B cell; n = 4), Jeko, REC-1,
and MEC-1 cell lines, and in CD19+/CD5+ B cells from CLL patients with low-intensity (n = 7), moderate-intensity (n = 10), and high-intensity (n
= 3) cortactin expression. Data obtained were evaluated for their statistical significance with the analysis of variance test (****P < .0001).
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neoplasms with the highest variability of protein expression).
Although these results limit the prognostic value of cortactin
expression in B-NHL, our data pinpoint important diagnostic
implications for such marker. In particular, cortactin may rep-
resent a novel, additional marker for (i) the diagnosis of HCL
(together with CD103, CD123, CDl1lc, annexin Al, CD25,
DBA44, cyclin D1, and BRAFV600E) [26] and (ii) the differ-
ential diagnosis between CLL and MCL.

CLL and MCL are B-NHLs characterized by similar mor-
phologic features (small- to medium-sized mature B cells)
and partially overlapping immunophenotype (eg, aberrant pos-
itivity for CD5) [27]. The differential diagnosis between these
entities relies on a limited number of immunohistochemical
markers (CD23, LEF1, and CD200 positivity in CLL; cyclin
D1 and SOX11 positivity in MCL), but aberrant phenotypes
have been reported [28,29]. In this context, cortactin expres-
sion would strongly sustain a diagnosis of CLL over MCL,
particularly in association with other CLL markers (ie, LEF1
and CD200). The positivity for 2 or more of such proteins is
indeed associated with very high sensitivity (89.1%), specific-
ity (100%), PPV (100%), and NPV (90.5%).

To further confirm the immunohistochemical results, we in-
vestigated cortactin expression on immortalized MCL and CLL
cell lines and in circulating lymphocytes from CLL patients.
Western blot analysis confirmed consistent cortactin negativity
in MCL cells (Jeko and REC-1) and disclosed moderate to
strong protein positivity in most of the analyzed CLL cells.
The immunohistochemical and Western blot results were sus-
tained by flow cytometry and in silico gene expression data.

The latter analysis showed higher CTTN levels in CLL
compared with MCL. In keeping with the immunohistochem-
ical results, HCL was associated with the highest CTTN
mRNA levels, whereas differences between MZL and all other
B-cell lymphomas were not statistically significant. Of note,
FL was characterized by higher CTTN expression than MCL.
This finding is in contrast with the immunohistochemical re-
sults and suggests the existence of posttranscriptional regula-
tory mechanisms for cortactin expression. Although the
nature of such molecular events is still unknown, an explana-
tory hypothesis may come from deranged microRNA
(miRNA) expression profiles. miRNA are a class of small non-
coding RNAs that bind to target mRNAs, blocking their trans-
lation [30]. Aberrant miRNA expression profiles have been
reported in several B-cell lymphomas, including FL [31]. Of
note, 3 of the most deregulated miRNAs in FL have high affin-
ity scores for the CTTN gene (miR-96, miR-221, and miR-
502-3p) [32]. The aberrant expression of these molecules
might thus explain the observed discrepancy between cortactin
immunohistochemical expression and CTTN mRNA levels.
By contrast, the rare cortactin-positive FL of our series may
belong to a recently described subset of cases, characterized
by low miR-96, miR-221, and/or miR-502-3p expression
[32]. Additional studies will elucidate these possible pathobio-
logical mechanisms.

Another intriguing finding of our study is the heteroge-
neous relation of cortactin expression in B-NHL and their

nonneoplastic counterpart. FL and MCL were characterized
by complete protein negativity or weak positivity, akin to be-
nign GC and mantle zone cells. On the contrary, CLL dis-
closed more variable expression patterns, possibly stemming
from the heterogeneous biological origin of this tumor. CLL
is indeed characterized by distinct molecular subtypes (ie,
CLL with unmutated and mutated /GVH genes), putatively
originating from different nonneoplastic counterparts (ie, pre-
GC and post-GC mature B cells, respectively) [27,33]. This
heterogeneity (together with the variety of CLL-associated cy-
togenetic and molecular derangements) may explain the vari-
ability in cortactin expression of this tumor.

In conclusion, the present study highlights cortactin as a
new marker of CLL, HCL, and DLBCL. In particular, cortac-
tin may contribute to the differential diagnosis between CLL
and MCL, 2 neoplasms with similar histologic features but
very different clinical outcome [27]. Further studies are needed
to clarify the molecular mechanisms of deranged cortactin ex-
pression in MCL and CLL and to investigate any possible re-
lationship between cortactin status and the biological features
of these lymphomas.
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