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Estrogen Receptor a Is a Novel Marker Expressed
by Follicular Dendritic Cells in Lymph Nodes and
Tumor-Associated Lymphoid Infiltrates
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During routine assessment of the hormonal pheno-
type of breast carcinomas, we detected expression of
the estrogen receptor (ER) in the germinal centers of
reactive lymphoid follicles surrounding malignant
foci. To confirm and extend this finding, we com-
pared ER-«, progesterone receptor (PR), and andro-
gen receptor (AR) immunostaining in hyperplastic or
metastatic lymph nodes obtained from patients with
various pathology, disease location, gender and age.
Irrespective of these parameters, we found that: 1)
ER-a-positive cells were located prevalently in germi-
nal centers, 2) the PR was weakly expressed by cells
within and surrounding germinal centers, and 3) the
androgen receptor was undetectable. Transcripts for
ER-a and PR were also detected by reverse transcrip-
tion-polymerase chain reaction on laser-microdis-
sected lymph node germinal centers. Morphologi-
cally, the ER-positive cells resemble dendritic cells
and by double immunostaining were found to ex-
press both CD21 and CD23, which is characteristic of
follicular dendritic cells. Finally, we assessed the ef-
fects of Tamoxifen treatment by comparing the num-
bers of ER-positive follicular dendritic cells in lymph
nodes obtained from breast cancer patients before
and after treatment. The results show that Tamoxifen
treatment generated larger germinal centers with
more abundant ER*/CD21%/CD23" cells. Taken to-
gether, these results open new perspectives on the
effects of sex steroids and their antagonists on the
human response in cancer and inflammation. (AmJ
Pathol 2003, 163:1313-1320)

Dendritic cells (DC) play a pivotal role as antigen-pre-
senting cells in the immune response. The heterogeneity

of DC subsets and lineages, and the functional plasticity
of these cells at the immature stages, are the basis of the
diverse functions of DC."

The endocrine system participates in regulating the
processes of maturation of different DC subtypes, eg,
thyroid-stimulating hormone (TSH) induces a stimulatory
effect on phagocytosis and cytokine production in murine
DC, which are known to express functionally active TSH
receptors.? In addition, mRNAs for estrogen receptor
(ER)-a and -B have been demonstrated by reverse tran-
scription-polymerase chain reaction (RT-PCR) analysis in
CD14" monocytes, cultured immature CD1a™ cells and
mature CD83™" cells.® In culture, bone marrow stromal
cells give rise to extensive and long-term production of
DC* which are influenced by androgen and estrogen,
and contain splice-variant transcripts of ER-a and ER-B
mRNAs.*>©

Two different subtypes of DC have been described
within the germinal centers of lymphoid follicles: follicular
dendritic cells (FDC) and so-called germinal center den-
dritic cells (GCDC). FDC are capable of binding and
retaining antigen in the form of immune complexes for
future presentation to B cells and their subsequent res-
cue from apoptosis.” FDC express the low-affinity IgE
receptor (CD23), and the C3d (CD21) and C3b (CD35)
complement receptors. GCDC are distinct from FDC be-
cause they have a different immunophenotype (CD4™,
CD11c™, and CD3") and function.?

During the immunocytochemical evaluation of the ER
status in samples of breast carcinoma tissue, we ob-
served weak ER-a expression in germinal center cells
present within tumor-infiltrating lymphoid cells organized
in follicles. The morphological features of these ER™ cells
suggested their DC origin.® By double immunostaining,
we confirmed that ER expression mostly coincided with
CD21* CD23* FDC of germinal centers in reactive lymph
nodes and in lymphoid-associated tumor infiltrates in
breast cancer. Given the above results, we also evalu-
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Table 1. Clinical Data, Primary Lesion, and Histopathology of the Regional Lymph Nodes Selected for Immunocytochemical

Analysis of ER Expression in GC Cells of 20 Patients

Number and
Patient pathology of LN Mean number of ER™
number Sex Age Primary pathology with GC cells per GC
1 F 86 Colon adenocarcinoma 3/Hyperplasia 32+5
2 F 45 Breast IDC 2/Metastasis 12+2
3 F 67 Breast IDC 1/Metastasis 152
4 F 51 Breast IDC 2/Metastasis 28+ 9
5 F 54 Breast IDC 3/Hyperplasia 23+ 3
6 M 58 Skin melanoma 3/Hyperplasia 357
7 M 66 Gastric adenocarcinoma 4/Hyperplasia 8+2
8 M 46 Skin melanoma 2/Hyperplasia 14+6
9 F 69 Breast IDC 4/Hyperplasia 13+7
10 F 79 Breast ILC 2/Metastasis 41 =10
11 F 69 Breast ILC 2/Hyperplasia 18+ 2
12 F 63 Breast IDC 3/Hyperplasia 49 +7
13 F 70 Pancreas adenocarcinoma 3/Hyperplasia 28+ 4
14 F 80 Breast IDC 1/Hyperplasia 10+2
15 F 36 Latero cervical adenopathy 1/Hyperplasia 308
16 M 23 Peritoneal inflammation 1/Hyperplasia 11+5
17 F 32 Thyroid papillary carcinoma 2/Hyperplasia 367
18 M 79 Colon adenocarcinoma 2/Hyperplasia 20+ 5
19 M 60 Pancreas adenocarcinoma 1/Hyperplasia 21+3
20 F 7 Gallbladder inflammation 1/Hyperplasia 24 + 3

IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; GC, germinal centers; LN, lymph node.

ated the effects of anti-estrogen treatment in breast can-
cer patients on the process of FDC maturation and ger-
minal center formation.

Materials and Methods

Specimens

Reactive and metastatic lymph nodes were obtained
from the pathology archives of the Department of Bio-
medical Science and Human Oncology, University of
Turin Medical School. The main criterion adopted in se-
lecting lymph nodes for steroid hormone receptor analy-
sis was the morphological identification, in hematoxylin
and eosin (H&E)-stained sections, of at least one second-
ary follicle with germinal centers. From 20 patients with
either cancer or inflammatory disease, we examined a
total of 264 lymph nodes and 43 were selected for immu-
nocytochemical analysis. Details of the patients’ clinical
data, anatomical site, and disease affecting the lymph
node are listed in Table 1. Also included in this study but
not listed in Table 1 are three patients with primary breast
carcinomas (see Tamoxifen-treated cases) and two pa-
tients with FDC sarcoma, one splenic and one nodal, in
which steroid hormone receptor expression was studied.

Tamoxifen-Treated Cases

To evaluate the effects of Tamoxifen on FDC, we ana-
lyzed expression of the ER, CD21, and CD23 by immu-
nocytochemistry in lymph nodes obtained before and
after Tamoxifen therapy in three patients (designated
Tam-1, Tam-2, and Tam-3) with primary breast carcino-
mas. Patient Tam-1 was treated for 5 years with Tamox-
ifen alone for an ER™ invasive ductal carcinoma without

lymph node metastases. During therapy the patient de-
veloped a contralateral ER™* invasive ductal carcinoma
and underwent tumor excision together with sentinel
lymph node biopsy. Patients Tam-2 and Tam-3 received
chemotherapy plus Tamoxifen for an ER™ lobular inva-
sive carcinoma with lymph node metastases; both pa-
tients (Tam-2 after 4 years, Tam-3 after 5 years) devel-
oped an invasive lobular carcinoma in the contralateral
breast and underwent axillary lymph node dissection.

Immunocytochemistry

All specimens were fixed in 4% formalin and embedded
in paraffin. For immunocytochemistry, the endogenous
peroxidase in formalin-fixed, paraffin-embedded tissue
was inhibited by incubating specimens with 3% H,O, for
5 minutes before incubation with the primary monoclonal
antibody (mAb). Sections were incubated with a primary
anti-ER-aa mAb clone 1D5, diluted 1:100 (DAKO,
Glostrup, Denmark) whose epitope maps to the N-termi-
nal region of the ER,'® and anti-progesterone receptor
(PR) mAb clone 1A6, diluted 1:10, and anti-androgen
receptor (AR) mAb clone F39.4.1, pre-diluted, both from
Biogenex (San Ramon, CA). Specimens that reacted with
the anti-ER-a mAb were further tested with the anti-ER-«
polyclonal antibody MC-20, diluted 1:1000 (Santa Cruz
Biotechnology, Santa Cruz, CA) whose epitope maps to
the C-terminal region of the ER.™

Immunophenotyping of ER™ Cells

In selected cases, two-step double immunostaining was
performed to evaluate which cell type expressed ER-a.
The immunophenotype of the ER™ germinal center cells
was studied with antibodies specific for the ER, CD21



(clone 1F8), diluted 1:20; CD20, a B-cell marker (clone
L26), diluted 1:200; and CDS3, a T-cell marker (poly-
clonal), diluted 1:50, all purchased from DAKO; CD23
(clone BU.38; The Binding Site, San Diego, CA), pancy-
tokeratin (clone KL1) and CD1a (Immunotech, Marseille
Cedex, France).

In step one, ER binding was revealed with a 3,3'-
diaminobenzidine (DAB) solution without nickel (brown
precipitate). The sections were then washed in phos-
phate-buffered saline (PBS), incubated for 30 minutes at
37°C in 0.01 mol/L HCI and washed thoroughly with water
(~2 hours) to remove unbound antibody that could po-
tentially interfere with the second part of the immunocy-
tochemical reaction. In the second step, binding of KL1,
CD23, and CD3 was visualized with a solution of DAB
and 0.3% NiCl, in 50 ml of PBS pH 7.4 (black precipitate).
Double staining was also performed by inverting the ER
(black precipitate) and CD21 and CD20 (brown precipi-
tate) revealing solutions.

Microdissection and RNA Extraction

Expression of the genes for ER-a and PR in germinal
center cells was evaluated by specific RT-PCR analysis
of total RNA extracted from germinal centers microdis-
sected from two reactive, non-metastatic lymph nodes
from patient 8 (cutaneous melanoma). Lymph nodes
were longitudinally bisected through the hilus; one half
was immediately snap-frozen and the other was fixed in
4% formalin so that ER expression could first be evalu-
ated by immunocytochemistry to confirm the presence of
the protein. The frozen lymph node halves were micro-
dissected to select pure cell populations of germinal
centers. Five-um-thick sections were collected on thin
glass coverslips, briefly stained with H&E, and all micro-
scopically recognizable germinal centers were isolated
by microdissection with a laser micromanipulator (Olym-
pus/Cell Robotics Inc., Albuguerque, NM). Both micro-
dissected germinal centers and the residual diffuse lym-
phoid tissue were collected in separate microcentrifuge
tubes and total RNA was extracted using Trireagent so-
lution (Genomed, Celbio, Pero, ltaly) according to the
manufacturer’'s instructions. RNA concentration was
measured spectrophotometrically by determination at
260/280 nm, its purity and integrity checked by electro-
phoresis on a 1.5% agarose gel.

RT-PCR

ER and PR were amplified by RT-PCR as previously
described.''? Briefly, 1 ug of each RNA was reverse
transcribed at 42°C for 45 minutes, using 2 U avian
myeloblastosis virus reverse transcriptase (AMV-RT;
Finnzymes Oy, Espoo, Finland) in the presence of a
gene-specific antisense primer downstream of the region
to be amplified. These primers were: rt-ER 5’-ACTCCA-
GAATTAAGC-3" [corresponding to nucleotides (nt)
1665-1651 of the human cDNA sequence (GenBank ac-
cession number: M12674)]; rt-PR 5'-CGAAAACCTGGC-
3’, corresponding to nt 2394-2383 of the cDNA se-
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quence (GenBank accession number M15716). Using
10% of the RT reaction, PCR was carried out with 2.5
U/tube TagDNA polymerase (Finnzymes) and the follow-
ing primers: ER forward primer: 5'-CATAACGACTATAT-
GTGTCCAGCC-3’ (nt 938-961); ER reverse primer: 5'-
AACCGAGATGATGTAGCCAGCAGC-3' (nt 1596-1573);
PR forward primer: 5’- TGCTCAAGGAGGGCCTGCCG-
CAGGT-3' (nt 1761-1785); PR reverse primer 5’-CTACT-
GAAAGAAGTTGCCTCTCGCC-3' (nt 2363-2339). Ampli-
fication was carried out for 35 cycles of denaturation at
94°C, annealing at 65°C and extension at 72°C, for 30
seconds each. RT-PCR for p-actin was performed as
control. PCR products were separated by electrophore-
sis on a 1.5% agarose gel stained with ethidium bromide.
Gels were photographed and bands analyzed with the
PC program Kodak Science 1D Image System (Kodak,
Rochester, NY). The net intensity of receptor bands was
normalized to the intensity of the B-actin band before
comparing bands obtained from two different samples.

Results

Immunolocalization of Sex Steroid Hormone
Receptors

To evaluate ER expression in germinal centers from
lymph nodes affected by malignant or inflammatory dis-
eases, 43 lymph nodes with morphological evidence of
secondary follicles were obtained from 20 patients as
detailed in Table 1. Specific nuclear expression of ER-«
was observed in germinal center cells by immunohisto-
chemistry using either the 1D5 mAb or the MC-20 poly-
clonal antibody. PR* cells were both rare and barely
visible, inside and outside the germinal centers, while AR
expression could not be detected. As shown in Table 1,
the results were not affected by the primary pathology,
the anatomical site of the lymph node, the patient’s gen-
der, or age. The ER™ cells were constantly clustered in
areas corresponding to germinal centers in secondary
follicles; in contrast, the perisinusoidal and interfollicular
areas showed only rare ER* and PR™ cells. Primary
follicles, composed of unstimulated naive B lymphocytes,
were ER™. The number of ER™ cells within germinal cen-
ters ranged from 8 * 2 to 49 * 7 (Table 1), their number
increasing with the increasing diameter of the germinal
center. Morphologically, ER™ cells displayed clear thin
cytoplasm and evident nuclear incisions or multiple nu-
clei, strongly resembling DC (Figure 1, A and B).

As shown in Table 1, the lymph nodes analyzed from
patients 2, 3, 4, and 10 (all breast carcinomas) still
showed residual secondary follicles despite the pres-
ence of metastases (Figure 1C). In patients 3 and 10,
both the nodal metastases and the primary breast carci-
nomas expressed ER. By double immunostaining, the
metastatic cells were outlined by cytoplasmic keratin
staining and showed intense ER nuclear expression (Fig-
ure 1, D and E). In contrast, DC were negative for keratin
immunostaining and ER nuclear expression was weak
(Figure 1D, inset, and E, arrow). Similar low-level expres-
sion of ER-a was found in germinal centers of follicles in
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Figure 1. ER-a immunolocalization in hyperplastic lymph node (patient 6,
cutaneous melanoma). A: ER™ cells are clustered in areas corresponding to
secondary follicles with prominent germinal centers (inset). B: ER™ cells
display clear thin cytoplasm with evident nuclear incisions or multiple nuclei.
Original magnification, X4 (A) and X100 (B). Phenotypic analysis of ER"
cells in metastatic lymph node (patient 10, iz situ lobular breast carcinoma).
C: H&E. D and E: Double immunostaining for keratin (black, cytoplasmic)
and ER-a (brown, nuclear). Keratin™ metastatic cells, surrounding a germinal
center, show intense ER nuclear staining. In contrast, keratin™ DC within the
germinal center show light ER nuclear staining (D, inset; E, arrow), indi-
cating lower expression of the receptor. Original magnification, X4 (C and
D), and X100 (E). ER expression in extra-nodal lymphatic tissue (patient 10,
in situ breast carcinoma). F to G: ER immunostaining. Nuclei of germinal
center cells show light staining, confirming weak expression of the receptor
in these cells compared to the intense nuclear expression of ER in carcinoma
cells. Original magnification, X4 (F), X20 (G), and X100 (H).

tumor-infiltrating lymphoid tissue present around ER™
(Figure 1, F to H) and ER™ foci of primary invasive and in
situ breast carcinomas additionally studied (data not
shown). These results suggest that DC are characterized
by lower ER expression than epithelial cells. No steroid
hormone receptors were detected in the two CD21* FDC
sarcomas tested.

Immunophenotype of ER™ Cells

The immunophenotype of ER™ cells was defined by
means of double-immunocytochemical staining with the
anti-ER mAb in combination with one of the following
mAbs: CD20, CD3, CD1a, CD21, and CD23. Firstly, by
double immunostaining with either CD20 or CD3, the ER™
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Figure 2. Phenotype analysis of GC ER™ cells by double-immunocytochem-
ical staining with antibodies for CD20, CD3, CD21, and CD23 in hyperplastic
lymph node (patient 20, gall bladder inflammation). A and B: The ER™ cells
(black nuclear stain) within the B-cell follicle are CD20™ (brown cytoplasmic
stain). C and D: CD3™" cells (black cytoplasmic stain) do not show any
expression of ER (brown nuclear stain). E and F: ER" cells (black nuclear
stain) express CD21 (brown cytoplasmic stain), suggesting an FDC pheno-
type. G and H: In 10% to 50% of ER™ cells (brown nuclear stain) CD23 (black
cytoplasmic stain) is co-expressed, confirming that at least a fraction are FDC.
Original magnification, X10 (A, C, E, G) and X100 (B, D, F, H). RT-PCR
analysis of ER- and PR-RNA in a reactive lymph node (patient 8, cutaneous
melanoma). I: Germinal center (GC) with clustered ER" cells (circle) and
residual lymphoid tissue (LT) containing single ER" cells (boxes) before
microdissection. Original magnification, X20. J: Gel photograph of RT-PCR
analysis of RNA from GC and LT for ER-«, PR, and B-actin, from left to right.
MW represents molecular weight marker 100-bp ladder.

cells were found to be mostly confined within the B-cell
follicles (Figure 2, A to H) whereas no ER expression was
observed in CD1a™ interdigitating DC outside the germi-
nal centers (data not shown). Most ER™ cells within ger-
minal centers were negative for CD3 and CD20 (Figure 2,
Ato D), most were CD21* (Figure 2, E and F) and 10% to
50% were CD23* (Figure 2, G and H). These data con-
firm that at least a fraction of ER™ cells were FDC.

RT-PCR Analysis of ER-a and PR mRNA

To further validate the above observations, ER-a and PR
MRNA expression was analyzed by RT-PCR using laser-



microdissected germinal centers (Figure 2, | and J, lanes
labeled GC) and the surrounding lymphoid tissue (Figure
2, | and J, lanes labeled LT) obtained from patient 8
(reactive lymph node in cutaneous melanoma). Amplifi-
cation of the ER yielded the expected 0.65-kb pair band
corresponding to the full-length ER-a. An additional,
weaker 0.5-kb band was also detected, which probably
corresponds to an ER splice variant. PR amplification
yielded the expected 0.6-kb band. By visual inspection,
the B-actin control bands were of similar intensity in the
GC and LT lanes and though not quantitative, the ER-«
band in germinal center microdissected samples was
reproducibly ~2-fold more intense than the ER-a band
obtained from residual diffuse lymphoid tissue samples.
On the other hand, PR bands were weak but detectable
and equivalent in intensity in both specimens.

Effects of Tamoxifen Treatment on ER* FDC

The effects of Tamoxifen on ER™ FDC was indirectly
evaluated by comparing lymph nodes obtained before
and after anti-estrogen treatment in patients with consec-
utive (~4 to 5 years apart) bilateral breast carcinomas.
Before Tamoxifen treatment, we observed few, small GC
in lymph nodes from patient Tam-1 with rare ER*/CD21"
and ER™/CD23" FDC. No lymph node metastases were
observed. The sentinel lymph node obtained after 5 years
of treatment with Tamoxifen alone showed diffuse hyper-
plasia of the lymphoid tissue with enlargement of the
sinuses but no germinal center formation. Consequently,
neither CD23™ nor CD217" FDC were observed (Figure 3,
A and B). A breast cancer ER™ micrometastasis was
present in the sentinel lymph node (Figure 3C).

A different morphological pattern was observed in
lymph nodes obtained from patients Tam-2 and Tam-3
who were initially treated with Tamoxifen plus chemother-
apy and subsequently with Tamoxifen alone for 4 and 5
years, respectively. Before medical treatment, lymph
node germinal centers were small (Figure 3, D and E).
Contralateral axillary lymph nodes excised from patient
Tam-2 during Tamoxifen treatment were all free of me-
tastasis while in patient Tam-3, three of 18 nodes had
metastases. In both patients, reactive lymph nodes
showed a mean of six germinal centers per lymph node.
Germinal centers were larger than before therapy, as
demonstrated by CD21 and CD23 immunostaining (Fig-
ure 3, F and G), and ER™ cells were present inside and
outside the germinal center (Figure 3H).

Discussion

Much of what is known about the presence of the ER in
dendritic cells has been learned from in vitro DC culture
models and is limited to the demonstration of the specific
mRNA transcript by RT-PCR.®"'® In the present work, we
demonstrated the nuclear expression of ER in germinal
center DC within activated follicles in both lymph nodes
and tissue-infiltrating lymphocytes surrounding breast
carcinoma foci. The specificity of the reaction was sup-
ported by the fact that the ER was reproducibly detected
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using both mono- and polyclonal antibodies that bind
different domains of the receptor. Furthermore, our ob-
servations are not part of a generalized feature of sex
hormone receptors, being mostly limited to the ER while
PR expression was barely detectable by immunocyto-
chemistry and AR expression was not observed at all.
Concurrently, RT-PCR amplification confirmed the pres-
ence of ER-a mRNA in microdissected germinal centers
where amplified bands were reproducibly stronger than
in the interfollicular areas of lymph nodes containing ER*
cells in the presence of equivalently intense B-actin con-
trol bands in the two specimens.

We also showed that the majority of ER™ cells in GC
were CD21" FDC, whereas only a fraction was CD23™.
FDC have heterogeneous morphology and immunophe-
notype, depending on their localization within the follicle
and on the stage of the germinal center reaction. The
FDC probably involved in antigen presentation inside and
outside the germinal center are characterized by CD21
expression, while the functionally more mature FDC
within the germinal center express CD23, a molecule
involved in later stages of the immune response.' The
two FDC sarcomas studied here were ER-negative. Our
results suggest that the ER is already expressed in the
early stages of FDC maturation, while it is lost in trans-
formed FDC. However, in a patient with Hodgkin’s dis-
ease, Maia et al'® described specific ER immunoreactiv-
ity in Reed-Sternberg cells and in cells from non-
neoplastic reactive germinal centers, which were
interpreted as variably sized lymphocytes. Interestingly,
other authors have suggested that Reed-Sternberg cells
originate from FDC in a small percentage of Hodgkin's
disease.'®"”

In previous studies that evaluated the presence of DC
in primary tumors, immature CD1a™ DC were found to
reside within the tumor mass in breast and colon carci-
nomas, whereas mature CD83* DC were located in peri-
tumoral areas.'®'® In agreement with a recent report,®
we demonstrated that FDC can also be detected in the
peritumoral area of a primary breast cancer, when tissue-
infiltrating lymphocytes are arranged in follicular-like
structures with germinal centers. Recently, it was shown
that seeding with FDC or their precursors represents the
critical step in germinal center formation at extranodal
sites.?’

The expression of the ER-a in germinal center FDC
was not affected by either the age or sex of the patient.
Furthermore, ER-a expression was observed in germinal
centers of lymph nodes excised because of both non-
neoplastic and neoplastic diseases, the latter for staging
tumors of different histological type (carcinomas and mel-
anomas) and anatomical origin (breast, Gl tract, skin). A
previous study described a cell population, located in
germinal centers and the subcapsular and cortical si-
nuses, which showed immunoreactivity for an ER-asso-
ciated protein in lymph nodes from breast cancer pa-
tients. Immunofluorescence phenotyping of these cells
characterized the germinal center cells as FDC; the oth-
ers were macrophages.®®

The role exerted by the ER-a on DC on stimulation by
specific hormones or by non-steroidal modulators has not
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Post-tamoxifen

Pre-tamoxifen Post-tamoxifen

Figure 3. Effects of Tamoxifen treatment on FDC. A to C: Sections of a lymph node after Tamoxifen treatment (patient Tam-1). After 5 years treatment with
Tamoxifen alone the lymph node shows diffuse hyperplasia with enlargement of the sinuses, without GC formation and absence of FDC as demonstrated by
negative immunostaining for CD21 (A) and CD23 (B). C: The same lymph node presents a breast cancer micrometastasis with intense nuclear staining for the
ER, whereas lymphoid cells are negative. Original magnification, X4 (A to C). D to H: Sections of a lymph node before and after Tamoxifen treatment (patient
Tam-2). Before treatment, germinal centers are small as outlined by immunoreactivity for CD23 (D) and CD21 (E). In a lymph node from the same patient, excised
during Tamoxifen treatment, CD21 (F) and CD23 (G) immunostaining outlines large germinal centers. H: Inset, ER™ cells are present inside and outside the GC.
Original magnification, X10 (D to H); X40 (H, inset).



yet been fully clarified. For example, it is known that the
presence of ER-a in bone marrow stroma is necessary for
the maintenance of normal proportions of B lymphocytes,
possibly by mediating the production of growth factors
and/or cytokines.?® It has also been reported that the ER
can interact with the transcription factor NF-«B,%* which
is a key regulator of the inflammatory response and an
effective target for blocking DC antigen presentation and
inhibiting T-cell-dependent immune responses. In addi-
tion, in rheumatoid arthritis, where FDC have been de-
scribed in inflamed synovial stroma,?® Tamoxifen, a non-
steroidal anti-estrogen, inhibits the differentiation of
synovial macrophages into DC and the capacity of syno-
vial macrophage-derived DC to stimulate allogeneic T
cells.’™ Anti-estrogens can also inhibit terminal matura-
tion of CD14™ DC.® Depending on the target cells, Ta-
moxifen can act either as an estrogen agonist or antag-
onist. In breast cancer, anti-estrogens are widely used
because their inhibitory effect on cancer cell proliferation
antagonizes the estrogenic stimulatory effect.

A major problem in the treatment of breast cancer is
Tamoxifen resistance, which has been suggested to be
linked to splicing of wild-type ER mRNA. Many ER splic-
ing variants, lacking one or more exons, have been iden-
tified in normal and breast cancer tissues.?® The exact
functional role of these splice variants has not been es-
tablished but several lines of evidence suggest that some
may be involved in estrogen-induced signal transduc-
tion.?”?® An ER variant lacking exon 5 has been detected
not only in breast tissue but also in peripheral blood
mononuclear cells®® while the exon 4-deleted variant is
strongly expressed in breast tissue. Our experiments of
ER-a amplification yielded a major 0.6-kb band and a
minor 0.5-kb band, which could be interpreted as a
splice variant band in RNA from germinal centers not
detectable in the surrounding diffuse lymphoid tissue.
This preliminary result sheds little light on the functional
significance of the expression of an ER splicing variant in
germinal center cells. On the other hand, the data on
Tamoxifen-treated patients indirectly suggest a stimula-
tory effect of Tamoxifen on FDC mediated by the ER. The
interaction between Tamoxifen and the ER can be in-
ferred by the fact that in reactive lymph nodes without
germinal center formation (eg, in patient Tam-1), Tamox-
ifen has no effect because the target cells are absent. On
the contrary, the data obtained in the other two cases
suggest that when ER™ target cells are present, long-
term Tamoxifen treatment may be responsible for the
formation of large germinal centers, rich in CD21* and
CD23" cells. This finds some analogy in the enhanced
proliferation of activated T cells induced by Tamoxifen
and another anti-estrogen, Toremifene, through in-
creased surface expression of tumor necrosis factor re-
ceptor 2.%° However, one should also entertain the pos-
sibility of an interaction between the drugs that are part of
the therapeutic protocols for advanced breast cancer
and Tamoxifen because all patients with increased FDCs
had received chemotherapy and Tamoxifen.

Our results suggest a possible role of the ER in FDC
clustering and germinal center formation, hinting to a
novel set of immune-endocrine interactions where the ER
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may play a role in immune surveillance, either by inhibit-
ing or by activating the functional differentiation of FDC.
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