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Purpose
To examine the immune microenvironment in diagnostic follicular lymphoma (FL) biopsies and

evaluate its prognostic significance.

Patients and Methods
Immunohistochemistry was used to study numbers and location of cells staining positive for immune

cell markers CD4, CD7, CD8, CD25, CD68, forkhead box protein P3 (FOXP3), T-cell intracellular
antigen-1, and Granzyme B in tissue microarrays of paraffin-embedded, diagnostic lymph node
biopsies taken from 59 FL patients who lived less than 5 years (short-survival group; n = 34) and more

than 15 years (long-survival group; n = 25).

Results

CD4 and FOXP3 expression were significantly different between the two groups. Samples from
the long-survival group were more likely than those from the short-survival group to have CD4™
staining cells and to have FOXP3-positive cells in a perifollicular location.

Conclusion

This study has identified differences in immune cell composition of the diagnostic FL lymph node
immune microenvironment and these have the potential for use as prognostic biomarkers in a

routine histopathology setting.

J Clin Oncol 24:5052-5059. © 2006 by American Society of Clinical Oncology

Patients with follicular lymphoma (FL) have an
indolent clinical course, with a median survival of
10 years, although prognosis is significantly worse
for those in whom there is transformation to a
more aggressive histology."> The clinical course
of FL is heterogeneous, with many patients expe-
riencing numerous relapses and periods of remis-
sion over many years, whereas for others the
disease progresses rapidly and survival is short.>*

Although the development of the Follicular Lym-
phoma International Prognostic Index” has helped
to stratify patients with this heterogeneous disease,
it has limited discriminative power and additional
prognostic biomarkers are required. Whole-genome
microarray of diagnostic biopsies revealed that FL
patients with good and poor outcome were distin-
guishable by immune microenvironment-associated
gene signatures.® The gene signature associated with
favorable outcome was rich in expression of T-cell
genes, whereas the poor outcome gene signature was

characteristic of macrophages. In accordance with
this finding, immunohistochemical (IHC) analysis
of 99 diagnostic FL biopsies from patients who sub-
sequently received uniform treatment has demon-
strated a negative prognostic correlation with number
of CD68" macrophages present within the tumor.”
However, the mechanisms of immune cell-tumor cell
influence and interactions have not been elucidated.
The role of the T-regulatory (Treg) cell subset in
the tolerance or suppression of malignancy is now be-
ing unraveled. Infiltrating Tregs are associated with
poor prognosis in ovarian carcinoma,’ whereas in he-
matologic malignancy functional Tregs have been
identified in B-cell non-Hodgkin’s lymphomas.”"°
We present a study using IHC on tissue micro-
array of paraffin-embedded diagnostic FL biopsies
from a selected population of 59 patients at the ex-
tremes of overall survival (< 5 and > 15 years) that
were available in our tissue bank. The relationship be-
tween immune microenvironment phenotype and
survival in FL is examined. We demonstrate that
CD4 expression and a perifollicular location of
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forkhead box protein P3 (FOXP3) were significantly more common
in the diagnostic biopsy from patients who lived more than 15 years.
These findings are in keeping with the hypothesis that in addition to
cell number, the location of cells of the immune microenvironment is
also important in the host response to FL.

Patient Samples

From the patients diagnosed with FL at St Bartholomew’s Hospital
(London, United Kingdom) between 1974 and 1999 for whom initial diagnos-
tic paraffin-embedded lymph node blocks were available were eligible for this
study. Thirty-four samples were identified from patients whose survival was
less than 5 years and 25 samples were identified from patients whose survival
was more than 15 years from diagnosis. Patients were treated according to the
current protocol during the 25-year period.>'"!? In general, at presentation
those with stage I disease were treated with involved-field irradiation; the
remainder were managed expectantly, until chemotherapy was instituted
when there was an indication for intervention. After remission was achieved,
management was again expectant. Ethical approval for this study was obtained
from the local regional ethics board.

Tissue Microarray Construction

Tissue microarrays (TMAs) were constructed of 1-mm cores of patient
tissue taken from representative areas of lymphoma (> five neoplastic folli-
cles) using premarked sections stained with hematoxylin and eosin and from
reactive tonsil and appendix controls, in triplicate using a manual arrayer
(Beecher Scientific, Silver Spring, MD) as described previously.'>* Approxi-
mately 120 cores were applied per slide.

Immunohistochemistry

The test panel of antibodies and dilutions used for immunohistologic
analysis are shown in Table 1. TMA blocks were cut to 4 um and applied to
3-aminopropyltrioxysilane—coated slides, then dewaxed and blocked in hy-
drogen peroxide/methanol solution. Antigen retrieval was performed by
pressure-cooking the sample in citrate, or in the case of FOXP3, EDTA."®
Sections were then stained using the Vector Elite ABC kit (PK6100; Vector
Laboratories, Peterborough, United Kingdom) or for FOXP3, CSA II tyramide
amplification system (DAKO, Glostrup, Denmark), followed by diaminoben-

Table 1. Antibodies Used for the Investigation of the
Immune Microenvironment

Test Antibody Clone Source Dilution

CD4 NCL-CD4-368 Novocastra, Newcastle, 1/100
clone 4B12 United Kingdom

CD7 NCL-CD7-272 Novocastra 1/50
clone 272

CD8 C8/144B DAKO, Denmark 1/50

CD25 NCL-CD25-305 Novocastra 1/100
clone 4C9

CD68 KP1 DAKO 1/4,000

Granzyme-B NCL-GRAN-B Novocastra 1/40
clone 11F1

TIA-1 Ab2712 Abcam, Cambridge, 1/50

United Kingdom
FOXP3 Supernatant clone  Gift from Alison Neat

236A/E7 Banham, John
Radcliffe Hospital,
Oxford, United

Kingdom'®

Abbreviations: TIA-1, T-cell intracellular antigen 1; FOXP3, forkhead box
protein P3.
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zidine chromogen (Biostat, Stockport, United Kingdom). Appropriate nega-
tive and positive controls were always used.

Double Staining for CD4 and FOXP3

After antigen retrieval by pressure-cooking the sample in citrate, staining
for CD4 was carried out using Vectastain Elite ABC kit with diaminobenzidine
as chromogen. This was followed by staining for FOXP3 using Vectastain Elite
ABC-AP kit (alkaline phosphatase) with Fast Red as chromogen.

IHC Analysis

The presence of adequate FL tumor cells in the tissue cores was con-
firmed by scoring with a diagnostic lymphoma antibody panel comprising
CD3, CD5, CD10, CD20, CD21, CD23, BCL-2, BCL-6, Ki-67, TP53, and
MUM-1 (data not shown).

Two histopathologists (A.M.L., M.C.) scored the TMAs independently
and reached consensus in all cases. The entire 1-mm-diameter core was ana-
lyzed at low and high power in each case. Where one of three cores could
not be scored due to insufficiency of tissue, consensus of two cores was
accepted, although this was necessary in only 10% of the total 1,416 cores
analyzed. If two cores of three were insufficient, no scoring was attempted
and the result was noted as absent for that sample with the antibody in
question, and hence the maximum number of patient cases (34 for the short-
survival group and 25 for the long-survival group), was not always assessable
for each of the test panel antibodies.

Staining using a test panel of immune-cell-associated antigens CD4,
CD7, CD8, CD25, CD68, T-cell intracellular antigen 1 (TIA-1), Granzyme B,
and FOXP3 was evaluated for number of positive cells. Scoring was divided
into the following categories: less than five cells/high power field (hpf; X40
magnification), five to 10 cells/hpf, 10 to 15 cells/hpf, 15 to 30 cells/hpf, and
more than 30 cells/hpf. Topographic distribution of positive cells was also
evaluated. Location relative to the neoplastic follicle (perifollicular, intrafol-
licular, and not bearing either of those patterns but being evenly distributed)
was recorded.

Statistical Analysis

Fisher’s exact test was performed to determine whether the incidence of
antigen expression was significantly different between samples from patients at
the extremes of survival.

Patient Characteristics

Diagnostic FL biopsies from patients whose overall survival lay at
the extremes were chosen for study. The histology was reviewed in all
cases. The characteristics of these 59 patients are listed in Table 2.
Patients who lived less than 5 years from diagnosis, the short-survival
group, had a median survival of 2 years and all died as a result of
disease. Patients who lived more than 15 years from diagnosis, the
long-survival group, had a median survival of 21 years. Although
members of the short-survival group were significantly older than
those in the long-survival group, with a median age of 61 and 46 years,
respectively (Table 2), there was no significant difference in the inci-
dence of transformation, bone marrow involvement, stage, or grade
between these two patient groups.

Analysis of the TMAs

For each antibody, two (maximum of 10% patient samples over
all the antibodies studied) or three replicate cores were assessable from
31 to 34 patients from the short-survival group and 22 to 25 patients
from the long-survival group (Table 3). Scoring was also divided into
the following categories: less than five cells/hpf, five to 10 cells/hpf, 10
to 15 cells/hpf, 15 to 30 cells/hpf, and more than 30 cells/hpf. Analysis
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Table 2. Demographic and Clinical Characteristics of Patients From the Extremes of Survival
Short-Survival Group Long-Survival Group
No. of No. of
Characteristic Patients % Patients % P
Total No. of patients (N = 59) 34 25
Sex
Male 25 16
Female 9 9
Survival, years < .0001
Median 2 21
Range 0.08-4.8 15.3-30.4
Age at diagnosis, years .0001
Median 61 46
Range 28-80 24-63
Stage at diagnosis .29
| 4 12 3 12
Il 8 9 6 24
I 4 12 4 16
I\ 23 68 12 48
Histologic pattern .99
Follicular 33 97 24 96
Follicular and diffuse 1 3 1 4
Grade at diagnosis .85
1 18 53 16 64
1and 2 3 9 4 16
2 8 24 2 8
2 and 3 1 3 3 12
3 4 12 0
3b 0 0
Proceeded to transformation 9of 34 26 3of 25 12 .33
Time to transformation, years
0-5 9 1
5-10 0 1
> 10 0 1
Bone marrow involvement 17 of 34 50 12 of 25 48 .88
Treatment strategy and No. of
lines of treatment™
Expectant management 1 3 1 4
1 7 21 6 24
2 6 18 6 24
3 4 12 3 12
4 5 15 3 12
5 2 6 2 8
6 6 18 0
7 3 9 1 4
8 0 3 12
Cause of death
Alive 0 15 60
Disease 34 100 3 12
Unrelated 0 7 28
*Current therapy of the era.

of these categories did not reveal any additional correlation with out-
come, and for additional analysis, the categories less than five cells/hpf
and more than five cells/hpf were used.

CD4 Incidence Is Significantly Different Between
Short- and Long-Survival Groups

CD4 expression was assessable in 56 of 59 (95%) total patients;
the three inassessable patients were all from the long-survival
group. CD4-expressing cells were observed at levels more than five

5054

cells/hpf in 36 of 56 (66%) patients; 18 of 34 (53%) patients from
the short-survival group and 18 of 22 (82%) biopsies from the
long-survival group (P = .05; Table 3). Representative CD4-stained
TMA cores are shown in Figure 1. The incidence of a high level of
expression of CD4 (> 30 cells/hpf) was the same between the two
groups (Table 4).

Among all of the patients studied (56 assessable for CD4) those
with less than five CD4 cells/hpf in their diagnostic sample had a
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Table 3. Expression of Immune Cell Antigens in Diagnostic FL Lymph Nodes
No. of Assessable Patient
Samples™ < 5 Cells Positive/hpf > 5 Cells Positive/hpf
Short-Survival Long-Survival Short-Survival Long-Survival
Short-Survival Long-Survival Group Group Group Group

Antigen Group Group No. % No. % No. % No. %

CD4 34 22 16 of 34 47 4 of 22 18 18 of 34 68 18 of 22 82
P <.05

FOXP3 31 24 11 of 31 35 3of24 13 20 of 31 65 21 of 24 87
P .07

CD8 &3 22 30f33 9 0of 22 0 30 of 33 91 22 of 22 100
P 27

CD7 34 23 6 of 34 18 10of 23 4 28 of 34 82 22 of 23 96
P 22

CD25 33 23 11 0of 33 33 4 0of 23 17 22 of 33 67 19 of 23 83
P .23

CD68 33 22 30f33 9 2 of 22 9 30 of 33 91 20 of 22 91
P .99

TIA1 32 24 30f 32 9 10of 24 4 29 of 32 91 23 of 24 96
P .63

Granzyme B 31 25 24 of 31 77 20 of 25 80 7 of 31 23 5of 25 20
P .99

Abbreviations: FL, follicular lymphoma; hpf, high-power field; FOXP3, forkhead box protein P3; TIA-1, T-cell intracellular antigen 1.

*Of a maximum of 34 for short-survival group and 25 for long-survival group, values are number of patient samples that were analyzed. Loss of samples was due

to the tissue being used up or damaged.

median age of 62 years (range, 34 to 77 years), whereas the median age
of those bearing more than five CD4 cells/hpf was 54 years (range,
24 to 80 years; P = .08).

We examined thelocation of positively staining cells in relation to
the neoplastic follicle (intrafollicular, perifollicular, and evenly distrib-

uted with no intra- or perifollicular pattern). Absence of CD4 corre-
lated with poor outcome (P = .05; Table 3), and in samples where
CD4™ cells were present, there was a trend toward a significant differ-
ence in their location between the two survivor groups (Fisher’s exact
test, 3 X 2, P = .09; Table 5).

Fig 1. CD4 expression on tissue microar-
ray cores from diagnostic follicular lym-
phoma biopsies taken at (A, C) low power
(X 10 magnification) and (B, D) high power
(x40 magnification). (A, B) Samples with
absence (< five cells/high-power field) and
(C, D) presence of CD4 expression (> five
cells/high-power field).

WwWw.jco.org
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Table 4. Incidence of CD4, CD25, and FOXP3 in Same Diagnostic Biopsies of Short- and Long-Survival Groups of FL
Short-Survival Group (n = 30%) Long-Survival Group (n = 20%)
No. of Cells/hpf CD4 CD25 FOXP3 CD4 CD25 FOXP3
<5 14 9 10 4 3 3
5-10 2 4 8 4 10 8
10-15 B 7 7 2 6 7
15-30 6 7 4 5 1 1
> 30 5 3 1 B 0 1
Abbreviations: FOXP3, forkhead box protein P3; FL, follicular lymphoma; hpf, high-power field.
“Patient samples that were inassessable for any of the three antibodies to CD4, CD25, and FOXP3 were discounted from this analysis.
Treg Cells and Outcome The findings that CD4 incidence and FOXP3 distribution at

There was a trend toward patients with long survival beingmore ~ diagnosis were important to outcome, and that both CD4 and
likely to have FOXP3-positive cells (P = .07), but none of the other ~ CD25 distribution showed a trend toward correlation with out-
immune cell-associated antigens studied showed any significantasso- ~ come, suggests involvement of the Treg subset (defined by FOXP3
ciation between frequency and survival (Table 3). In addition, the  expression; either CD4™* or CD8* and variably expressing CD25).
pattern of FOXP3 expression was significantly different in the short- ~ The incidence of cells expressing CD4, CD25, or FOXP3 in the
and long-survival groups (Fisher’s exact test, 3 X 2, P = .02; Table 5). same patients from the short-survival group (n = 30) and the
Examples of the different staining patterns observed for FOXP3 ex-  long-survival group (n = 20) is shown in Table 4. Double staining
pression are shown in Figure 2. Patients from the long-survival group =~ with CD4 and FOXP3 revealed cells coexpressing these antigens;
had FOXP3-positive cells at a higher incidence in a perifollicular ~ an example from the long-survival group is shown in Figures 3A
location than the patients of the short-survival group (collapsed2 X2 and 3B.

Fisher’s exact test, P = .01; Table 5).

The location of CD25 expression showed a trend toward
a significant difference between the two sample sets (Fisher’s exact test
3 X 2, P =.1; Table 5) and a trend toward occurrence in a perifollic-
ular location among the samples from patients within the long-  This study of 59 diagnostic samples taken from FL patients whose
survival group (collapsed 2 X 2 Fisher’s exact test, P = .07; Table 5). outcome was either good or poor draws attention to the importance of

Table 5. Locations of CD4*, CD25", or FOXP3-Positive Cells in Short- and Long-Survival Groups With FL, and Correlation With Survival
CDh4 CD25 FOXP3
Short-Survival Long-Survival Short-Survival Long-Survival Short-Survival Long-Survival
Patients Patients Patients Patients Patients Patients
(n = 34) (n=22) (n = 33) (n=23) (n=31) (n = 24)
Parameter No. % No. % No. % No. % No. % No. %
Location of positive cells
Absent” 16 47 4 18 11 33 4 17 11 85) 3 13
Perifolliculart 10 29 11 50 3 9 7 30 2 6 8 33
Throughout# 8 24 7 32 19 58 12 52 18 58 13 54
Difference in distribution .09 A .02
between the survivor
groups (P)
Correlation with survival
Absent + throughout 24 11 30 16 29 16
Perifollicular 10 11 3 7 2 8
Difference in distribution .16 .07 .02
between the survivor
groups (P)
Absent + perifollicular 26 25 14 11 13 1
Throughout 8 7 19 12 18 13
Difference in distribution .99 .79 .59
between the survivor
groups (P)
Abbreviations: FOXP3, forkhead box protein P3; FL, follicular lymphoma; hpf, high-power field.
*< 5 positive cells/hpf (x40).
tIntrafollicular < 5/hpf; perifollicular 5 to > 30/hpf.
$Positive cells (> 5/hpf) evenly distributed across the cores and no clear perifollicular pattern observed.
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the immune system in the setting of hematologic malignancy and
provokes speculation about the roles and mechanisms involved. We
identified that CD4" cells and a perifollicular pattern of FOXP3-
positive cells are more commonly found in the diagnostic FL lymph
node from patients whose subsequent outcome was favorable. These

Fig 2. FOXP3 expression on tissue mi-
croarray cores from diagnostic follicular
lymphoma biopsies taken at (A, C, E) low
power (X10 magnification) and (B, D, F)
high power (x40 magnification). Samples
with (A, B) absence (< five cells/high-
power field) and (C, D) presence of FOXP3
expression (> five cells/high-power field)
in a perifollicular pattern, or (E, F) evenly
distributed throughout the tissue.

findings are in keeping with the hypothesis that the presence of CD4™
cells are of benefit to the host. Although none of the patients under-
went spontaneous regression in this study, significantly more CD4 ™"
cells in the biopsies of untreated FL patients before the tumor regres-

sion has been reported."”

www.jco.org

Fig 3. Double staining for CD4 (membranous
brown) and FOXP3 (nuclear red). Long-survival
group, (A) low power (X10 magnification);
(B) high power (X63 magnification). A CD4*
FOXP3-positive cell (dotted-line arrow) and a
CD4* FOXP3-negative cell (solid-line arrow)
are highlighted.
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Although CD7 appears as a member of the immune-response
gene expression signature correlating with better outcome (IR-1) in
FL,° expression of CD7 protein alone did not correlate with survival in
the data presented here. Using CD68 IHC expression as a surrogate for
the macrophage-associated IR-2 signature correlating with poor out-
come in gene expression studies,” Farinha et al” reported that more
than 15 positively staining cells/hpfin the diagnostic biopsy correlated
with short survival. This was not found in the patient groups examined
here. CD7 is only one of 42 genes comprising the IR-1 gene signature
and CD68 is not one of the 24 genes in the IR-2 gene signature. We
currently are identifying additional antibodies suitable for IHC on
paraffin-embedded tissue that detect proteins from genes of the IR-
signature to validate further the prognostic significance of the IR-1 and
IR-2 signatures by THC.

Itisknown that age-related changes in the immune system occur,
and function is impaired as exemplified by reduced vaccination effi-
cacy'®'? and by higher incidence of certain infections, cancers, and
autoimmune disease.” Although absolute numbers of lymphocytes
are maintained throughout life,>"** the T-cell subset composition and
distribution may change.”> To determine whether the distinction in
prognosis seen in this study with respect to presence or absence of
CD4™ T cells reflects inherent age-related changes (median age of all
59 patients in the study, 56 years) or is the result of tumor-related
influences is the focus of ongoing investigation using functional assays
of admixed patient and healthy donor immune cell populations. The
frequency of CD4 ™ cells in the FL lymph nodes showed a trend toward
correlation with age in our study. Additional studies are ongoing to
determine if outcome in FL is associated with age-related changes in
the immune cell composition.

CD4 T cells comprise two phenotypic subsets with distinct roles
distinguishable by expression of FOXP3. FOXP3-negative CD4 ™" cells
are largely T-helper cells and FOXP3-positive CD4* cells are Tregs
that modulate activated, responding FOXP3-negative T cells.** There
is variable expression of CD25 on Tregs, which alters in response to the
local immune activity.*> Normally, Tregs restore immune homeosta-
sis by attenuating activated mature CD4 and CD8 T cells after their
response to antigen.”®?” Tregs have an important role in suppression
of inappropriate immunoreactivity, which would result in tissue dam-
age. This is demonstrated by patients in whom loss of FOXP3 function
results in autoaggressive lymphoproliferation, whereas its overexpres-
sion causes severe immunodeficiency.”® In non-neoplastic lymphoid
tissue, distribution of FOXP3-positive cells varies. Within tonsils,
FOXP3 cells are in a predominantly perifollicular distribution,
whereas within reactive lymph nodes an evenly distributed pattern is
seen.'® The data from this study show FOXP3-positive cells occur in
the perifollicular region more commonly in samples from patients
with longer survival. FOXP3-positive cells are the rate-limiting subset
of the immune response. Their presence surrounding the highly active
germinal center in an infected tonsil would support this function and
leads to speculation that patients who do well after diagnosis of FL may
do so in part because of an active immune response at the time
of tumor development, with the lymphoma cells either as target
or as bystander.

5058

The Treg-associated markers CD4, CD25, and FOXP3 did not
correlate consistently, most likely because these antigens are expressed
variably. FOXP3 is also expressed on a subset of CD8 cells*® and CD25
expression is modulated.”® Carreras et al” reported recently that higher
numbers of FOXP3-expressing cells, but not their location, are impor-
tant to outcome of FL; numbers of CD4™ cells were not important to
outcome of FL. Minor differences in their study and the results re-
ported here may be explained by variance in samples and methodol-
ogy. They used computer analysis of full sections, studied more
patients with a mixed and diffuse histology, and defined location
differently. Determination of the exact phenotype and function of the
cells found to have prognostic significance in our own study and that
of Carreras et al’ will require analysis of cell suspension rather than
paraffin-embedded tissue, and such studies are ongoing. Using fixed
tissue, we have demonstrated that CD4" FOXP3-positive cells are
indeed present in the perifollicular region in the diagnostic lymph
node in the FL patients with long survival.

FOXP3 is also a protective variable in classical Hodgkin’s disease,
in which an inverse relationship between TIA-1 and FOXP3 expres-
sion and survival has been demonstrated; higher levels of FOXP3
twinned with low TIA-1 and were beneficial.”® No correlation with
outcome was observed with this combination in our study of FL.
These findings in immune cell malignancies are at odds with specific
recruitment of FOXP3-positive Tregs promoting tumor tolerance in
epithelial tumors.®*' These seemingly contrasting observations lead to
the speculation that a critical mass of FOXP3-positive cells in a specific
location within the tumor microenvironment may be necessary to
maintain a functionally balanced immune response, and which may
be pivotal in determining the fate of the cancer patient. However,
additional functional and phenotypic investigations are essential to
prove this theory definitively.

The prognostic significance of the immune microenvironment
in FL at diagnosis may reflect factors involved in determining the
inherent aggression of the tumor and its ability to recruit infiltrating
cells on the one hand or coexist with naturally occurring cells of the
lymph node on the other. To expand the understanding of the mech-
anisms involved in determining outcome in FL functional assays,
examination of the interactions between FL and immune cells is re-
quired. In addition, the investigation of immune cell composition
during the course of the disease, by analysis of sequential biopsies, will
provide additional insight into the natural history of the condition.
This study has identified that CD4-expressing cells and perifollicular
distribution of FOXP3-expressing cells occur more commonly in the
diagnostic tumor microenvironment of FL patients with better out-
come compared with those with poor outcome. Elucidating the phe-
notype and functional capabilities of these cells is likely to provide a
better understanding of the impact of the immune microenvironment
on tumor progression in FL and may identify novel targets for the
potentiation of tumor immunotherapy. The findings in this study can
be translated easily to the routine diagnostic histopathology setting
and may provide a method to aid identification of patients with
potentially aggressive disease at the time of diagnosis.

JOURNAL OF CLINICAL ONCOLOGY

Downloaded from jco.ascopubs.org on December 26, 2015. For personal use only. No other uses without permission.
Copyright © 2006 American Society of Clinical Oncology. All rights reserved.



1. Cullen MH, Lister TA, Brearley RI, et al: His-
tological transformation of non-Hodgkin's lympho-
ma: A prospective study. Cancer 44:645-651, 1979

2. Bastion Y, Sebban C, Berger F, et al: Incidence,
predictive factors, and outcome of lymphoma transfor-
mation in follicular lymphoma patients. J Clin Oncol
15:1587-1594, 1997

3. Johnson PW, Rohatiner AZ, Whelan JS, et al:
Patterns of survival in patients with recurrent follic-
ular lymphoma: A 20-year study from a single cen-
ter. J Clin Oncol 13:140-147, 1995

4. Horning SJ, Rosenberg SA: The natural his-
tory of initially untreated low-grade non-Hodgkin's
lymphomas. N Engl J Med 311:1471-1475, 1984

5. Solal-Celigny P, Roy P, Colombat P, et al:
Follicular lymphoma international prognostic index.
Blood 104:1258-1265, 2004

6. Dave SS, Wright G, Tan B, et al: Prediction of
survival in follicular lymphoma based on molecular
features of tumor-infiltrating immune cells. N Engl
J Med 351:2159-2169, 2004

1. Farinha P, Masoudi H, Skinnider BF, et al: Anal-
ysis of multiple biomarkers shows that lymphoma-
associated macrophage (LAM) content is an
independent predictor of survival in follicular lym-
phoma (FL). Blood 106:2169-2174, 2005

8. Curiel TJ, Coukos G, Zou L, et al: Specific
recruitment of regulatory T cells in ovarian carci-
noma fosters immune privilege and predicts re-
duced survival. Nat Med 10:942-949, 2004

9. Carreras J, Lopez-Guillermo A, Fox BC, et al:
High numbers of tumor infiltrating FOXP3-positive
regulatory T-cells are associated with improved
overall survival in follicular lymphoma. Blood [epub
ahead of print on July 6, 2006]

10. Yang ZZ, Novak AJ, Stenson MJ, et al: Intra-
tumoral CD4+CD25+ regulatory T-cell-mediated
suppression of infiltrating CD4+ T-cells in B-cell

CD4 and FOXP3 in Diagnostic FL Tissue

non-Hodgkin lymphoma. Blood 107:3639-3646,
2006

11. Gallagher CJ, Gregory WM, Jones AE, et al:
Follicular lymphoma: Prognostic factors for re-
sponse and survival. J Clin Oncol 4:1470-1480, 1986

12. Apostolidis J, Gupta RK, Grenzelias D, et al:
High-dose therapy with autologous bone marrow
support as consolidation of remission in follicular
lymphoma: Long-term clinical and molecular follow-
up. J Clin Oncol 18:527-536, 2000

13. Hedvat CV, Hegde A, Chaganti RS, et al:
Application of tissue microarray technology to the
study of non-Hodgkin’s and Hodgkin’s lymphoma.
Hum Pathol 33:968-974, 2002

14. Kononen J, Bubendorf L, Kallioniemi A, et al:
Tissue microarrays for high-throughput molecular
profiling of tumor specimens. Nat Med 4:844-847,
1998

15. Norton AJ, Jordan S, Yeomans P: Brief, high-
temperature heat denaturation (pressure cooking): A
simple and effective method of antigen retrieval for
routinely processed tissues. J Pathol 173:371-379,
1994

16. Roncador G, Brown PJ, Maestre L, et al:
Analysis of FOXP3 protein expression in human
CD4+CD25+ regulatory T cells at the single-cell
level. Eur J Immunol 35:1681-1691, 2005

17. Strickler JG, Copenhaver CM, Rojas VA, et al:
Comparison of “host cell infiltrates” in patients with
follicular lymphoma with and without spontaneous
regression. Am J Clin Pathol 90:257-261, 1988

18. Cook JM, Gualde N, Hessel L, et al: Alter-
ations in the human immune response to the hepa-
titis B vaccine among the elderly. Cell Immunol
109:89-96, 1987

19. Phair J, Kauffman CA, Bjornson A, et al:
Failure to respond to influenza vaccine in the aged:
Correlation with B-cell number and function. J Lab
Clin Med 92:822-828, 1978

20. Yoshikawa TT: Epidemiology and unique as-
pects of aging and infectious diseases. Clin Infect
Dis 30:931-933, 2000

21. Hulstaert F, Hannet |, Deneys V, et al: Age-
related changes in human blood lymphocyte sub-
populations. Il: Varying kinetics of percentage and
absolute count measurements. Clin Immunol Immu-
nopathol 70:152-158, 1994

22. Pido-Lopez J, Pires A, Nelson M, et al: Thymic
activity in late-stage HIV-1 infected individuals re-
ceiving highly active antiretroviral therapy: Potential
effect of steroid therapy. HIV Med 3:56-61, 2002

23. Wallace DL, Zhang Y, Ghattas H, et al: Direct
measurement of T cell subset kinetics in vivo in
elderly men and women. J Immunol 173:1787-1794,
2004

24. Bluestone JA, Abbas AK: Natural versus adap-
tive regulatory T cells. Nat Rev Immunol 3:253-257,
2003

25. Zelenay S, Lopes-Carvalho T, Caramalho |, et
al: Foxp3+ CD25- CD4 T cells constitute a reservoir
of committed regulatory cells that regain CD25
expression upon homeostatic expansion. Proc Natl
Acad Sci U S A 102:4091-4096, 2005

26. Grossman WJ, Verbsky JW, Barchet W, et al:
Human T regulatory cells can use the perforin path-
way to cause autologous target cell death. Immunity
21:589-601, 2004

27. Belkaid Y, Rouse BT: Natural regulatory T cells
in infectious disease. Nat Immunol 6:353-360, 2005

28. Ochs HD, Ziegler SF, Torgerson TR: FOXP3
acts as a rheostat of the immune response. Immu-
nol Rev 203:156-164, 2005

29. Bisikirska B, Colgan J, Luban J, et al: TCR
stimulation with modified anti-CD3 mAb expands
CD8+ T cell population and induces CD8+CD25+
Tregs. J Clin Invest 115:2904-2913, 2005

30. Alvaro T, Lejeune M, Salvado MT, et al: Out-
come in Hodgkin’s lymphoma can be predicted from
the presence of accompanying cytotoxic and regu-
latory T cells. Clin Cancer Res 11:1467-1473, 2005

31. Unitt E, Rushbrook SM, Marshall A, et al:
Compromised lymphocytes infiltrate hepatocellular
carcinoma: The role of T-regulatory cells. Hepatol-
ogy 41:722-730, 2005

L3 |

Acknowledgment

The assistance of Sharon Love, PhD, Cancer Research UK, Medical Statistics Group, Oxford, and Jean-Baptiste Cazier, PhD, Cancer Research
UK, Bioinformatics and BioStatistics, is gratefully acknowledged. We thank the medical and surgical teams of St Bartholomew’s Hospital and

the patients for donating tissue for research.

Authors’ Disclosures of Potential Conflicts of Interest
The authors indicated no potential conflicts of interest.

Author Contributions

Janet Matthews, T. Andrew Lister

Conception and design: Andrew J. Davies, T. Andrew Lister, Lindsey K. Goff
Administrative support: Andrew J. Clear, Suzanne Jordan
Collection and assembly of data: Abigail M. Lee, Andrew J. Clear, Maria Calaminici, Andrew J. Davies, Suzanne Jordan, Finlay MacDougall,

Data analysis and interpretation: Abigail M. Lee, Maria Calaminici, Finlay MacDougall, Andrew J. Norton, John G. Gribben, Lindsey K. Goff
Manuscript writing: Abigail M. Lee, Andrew J. Davies, John G. Gribben, T. Andrew Lister, Lindsey K. Goff
Final approval of manuscript: Abigail M. Lee, John G. Gribben, T. Andrew Lister, Lindsey K. Goff

WWW.jco.org

5059

Downloaded from jco.ascopubs.org on December 26, 2015. For personal use only. No other uses without permission.
Copyright © 2006 American Society of Clinical Oncology. All rights reserved.



