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ABSTRACT
The aim of this study was to evaluate the localization of collagen modifying enzymes (CMEs) on
fibroblastic reticular cells (FRCs) and follicular dendritic cells (FDCs) in non-neoplastic lymphoid
tissues and various malignant lymphomas. The expression of prolyl 4-hydroxylase 1 (P4H1), lysyl
hydroxylase 3 (LH3), and protein disulfide isomerase (PDI) was frequently observed on FRCs and
FDCs in the germinal center (GC), except for the mantle zone. The expression of CMEs was lower in
most lymphomas than in their respective postulated normal counterparts. The ratio of
transglutaminase II+ FRCs/CD35+ FDCs was also lower in follicular lymphomas (FL) than in other
lymphomas. The mRNAs of some CMEs (P4H1, prolyl 4-hydroxylase 3, LH3, and heat shock protein
47) were confirmed in almost all lymphomas. These results indicate that lymphoma cell
proliferation suppresses/decreases the number of CMEs expressing FRCs and FDCs in most
lymphomas.
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Introduction

Two types of lymphoid stromal cells, fibroblastic reticu-

lar cells (FRCs) and follicular dendritic cells (FDCs),

support the three-dimensional framework of paracor-

tex/T-cell area and lymphoid follicles, respectively.

Human FRCs support cell migration including CCR7+

T-cells, and produce/secrete and ensheath collagen-rich

reticular fibers composed of collagens I, III and IV

covered by the extracellular matrix (ECM), elastin and

tenascin.[1–3] In mice, FRCs expressed transcripts for

collagens I, III, IV, V, VI, XIV and XVI.[4] Tenascin-C (TN-C)

plays the morphoregulatory role during development

and tissue remodeling.[5] Transglutaminase II (TGII)

corresponding to FRCs is associated with stabilization

of the ECM and cell adhesion.[6,7] FDCs trap and retain

immune complexes, present antigens to germinal center

(GC) B-cells, select activated B-cells with higher affinity to

antigens, and support the differentiation of memory B

cells and plasma cells.[8] FDCs can be identified by

antibodies such as CD21, CD23, CD35 and S-100

protein,[9] and express collagens I and IV, but not

collagen III.[10] These findings suggest FRCs/FDCs is

associated with collagen production.

Some collagen modifying enzymes (CMEs) such as

prolyl 4-hydroxylase (P4H), prolyl 3-hydroxylase (P3H),

lysyl hydroxylase (LH), protein disulfide isomerase (PDI),

and heat shock protein 47 (HSP47) were identified in the

intracellular endoplasmic reticulum.[11] P4H is an a2b2

tetramer; two catalytic sites are involved in the a-sub-

unit, while the b-subunit is identical to PDI.[12] PDI

functions as a disulfide isomerase and chaperone to

facilitate the proper folding of nascent proteins.[13]

P3H1 was reported to preferentially localize in tissues

expressing fibril-forming collagens such as collagens I, II

and III.[12] The human LH family consists of three

isoenzymes, but does not associate with specific colla-

gen types.[14,15] A previous study showed that HSP47

stabilized the triple helical folding intermediates of

procollagen.[16]

P4H is expressed by some FDCs, fibroblasts of the

interfollicular area and the capsule of the human

tonsils,[17] lysyl hydroxylase 3 (LH3) by reticular cells in

the red pulp of the adult mouse spleen,[18] and HSP47

by FRCs in the chicken spleen.[19] However, the types of

CMEs that localize in human FRCs/FDCs not only in non-

neoplastic lymphoid tissues, but also in malignant

lymphomas remain unknown. The aim of this study
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was to analyze the localization of CMEs in malignant

lymphomas and their postulated normal counterparts in

non-neoplastic lymphoid tissues, and to estimate the

role of FRCs/FDCs in both tissues.

Materials and methods

Tissue specimens

A total of 69 patients diagnosed at Yamagata University

Hospital, Yamagata Prefectural Shinjo Hospital, and

Nihonkai General Hospital between 1996 and 2013

participated in this study. Biopsied and resected tissue

specimens including non-neoplastic lymphoid tissues

(n¼ 10) including lymph nodes and tonsils were

obtained from patients with reactive lymphadenopathy

and chronic tonsillitis, respectively. Neoplastic tissue

specimens were obtained from patients with mature

B-cell neoplasms including small lymphocytic lymphoma

(SLL) (n¼ 2), extranodal marginal zone lymphoma of

mucosa-associated lymphoid tissues (MALT) (n¼ 2),

nodal marginal zone lymphomas (NMZL) (n¼ 3), follicu-

lar lymphomas (FL) [n¼ 16; Grade 1 (n¼ 5), Grade 2

(n¼ 5) and Grade 3 (n¼ 6)] except in situ FL,[20] mantle

cell lymphomas (MCL) (n¼ 5), diffuse large B-cell lymph-

omas not otherwise specified [n¼ 10; GC B-cell-like

subgroup (GCB type DLBCL) (n¼ 5), non-GC B-cell-like

subgroup (non-GCB type DLBCL) (n¼ 5)], mature T-cell

neoplasms including enteropathy-associated T-cell

lymphoma (EATL) (n¼ 1), peripheral T-cell lymphomas

(PTCL) not otherwise specified (n¼ 4), angioimmuno-

blastic T-cell lymphomas (AITL) (n¼ 6) and classical

Hodgkin lymphomas included nodular sclerosis classical

Hodgkin lymphoma (NS-cHL) (n¼ 5) and mixed cellular-

ity classical Hodgkin lymphoma (MC-cHL) (n¼ 5). The

Research Ethics Committee (H25-102) of Yamagata

University Faculty of Medicine, Yamagata, Japan,

approved this study. Tissues were fixed in buffered

10% formalin for 6–12 h at room temperature,

embedded in paraffin. Tissue specimens of the normal

liver (n¼ 1) and pancreatic cancers (n¼ 2) were used as

positive controls for reverse transcription polymerase

chain reaction (RT-PCR) of CMEs.[21–24]

Antibodies, immunohistochemistry and

immunofluorescence double stain

Immunohistochemistry was performed as described

previously,[25] using antibodies against P4H1 (rabbit

IgG, polyclonal, ProteinTech, Chicago, IL), P4H3 (rabbit

polyclonal, Sigma-Aldrich, Tokyo, Japan), P3H1 (3C7;

mouse IgG2a,k, Abnova, Taipei, Taiwan), PLOD3

(LH3) (rabbit IgG, polyclonal, ProteinTech, Chicago, IL),

P4H, b-subunit (P4HB¼ PDI) (3-2B12; mouse IgG1,k,

LifeSpan Biosciences, Seattle, WA), HSP47 (rabbit poly-

clonal, Santa Cruz, Santa Cruz, CA), CD35 (RLB25; mouse

IgG2b, Novocastra, Leica Biosystems, Nussloch,

Germany), CD35 (EPR6602; rabbit IgG, Epitomics,

Burlingame, CA), S-100 protein (rabbit polyclonal,

Nichirei, Tokyo, Japan), TGII antibody (CUB7402; mouse

IgG1, Acris, Herford, Germany) and TN-C (EPR4219; rabbit

IgG, Epitomics, Burlingame, CA). Immunoreactive posi-

tive cells in non-neoplastic lymph nodes and tonsils

were estimated in four areas including the marginal

zone, mantle zone, GC and paracortex/interfollicular area

in at least 50 areas of each follicle, identified by CD23

immunostaining (1B12; mouse IgG1k, Novocastra, Leica

Biosystems, Nussloch, Germany).[26] The staining index

(SI) was calculated by multiplying the staining intensity

and cellularity/proportion scores, described by King

et al.[27] (Supplemental Table I). These SIs that obtained

in the malignant lymphoma were compared with in their

postulated normal counterpart areas respectively, in

accordance with WHO Classification fourth edition.[28]

Immunofluorescence double staining using paraffin-

embedded tissue sections was performed as described

previously.[25,29] After observations, hematoxylin-eosin

staining was used as counterstaining. The SIs of the

double positive cells of CMEs and FRCs/FDCs markers

were calculated as with immunohistochemistry. The

staining intensity of double positive cells was scored as 0

(negative) or 1 (positive).

RT-PCR

The paraffin-embedded tissue sections of positive con-

trols, lymph node (n¼ 1), tonsil (n¼ 1) and malignant

lymphoma (n¼ 14) were used. RT-PCR was performed as

previously described.[30] WaxFree RNA (TrimGen,

Sparks, MD) was used to extract mRNA. Primer

sequences were 50-CATGACCCTGAGACTGGAAA-30 and

50-GCCAGGCACTCTTAGATACT-30 for human P4H1,[31]

50-CCAAACGGCTCTTTTCTCTCA-30 and 50-GCCACCTTGCC

AACTTGGA-30 for human P4H3, 50-CTGGGCCTGGGAGAG

GAGTG-30 and 50-TCACGTCGTAGCTATCCACAAACAT-30

for human LH3,[32] 50-CGCCATGTTCTTCAAGCCA-30 and

50-CATGAAGCCACGGTTGTCC-30 for human HSP47,[33]

and 50-CAGAGCAAGAGAGGCATCCT-30 and 50-ACGTACA

TGGCTGGGGTG-30 for human b-actin as the internal

control. We used primers for human P4H3 designed by

PrimerBank (http://pga.mgh.harvard.edu/primerbank/).

Statistical analysis

As the number of malignant lymphoma cases is low, 10

SIs were scored in a case. The Kruskal–Wallis test was

used for the SIs. If cases were considered to be
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significant, Bonferroni’s multiple comparison test was

further applied. The Mann–Whitney test was carried out

for the SIs of malignant lymphomas and their normal

counterpart areas of these lymphomas. Differences with

p50.05 were considered to be significant in each case.

Results

Expression of TGII and TN-C in non-neoplastic
lymphoid tissues

TGII and TN-C were mainly expressed on reticular

forming cells in marginal zone and T-cell area in non-

neoplastic lymphoid tissues, but not on lymphocytes

[Fig. 1]. TGII was observed in the cell cytoplasm and

extracellular space, and TN-C was expressed extracellu-

larly. TGII was expressed on endothelial cells and TN-C

was expressed on perivascular space too [Fig. 1]. We

could recognize them as vessels and exclude them form

SIs, used by hematoxylin-eosin stain as counterstain. The

SIs of TGII and TN-C in the marginal zone and T-cell area

were higher than those in the mantle zone and GC in

both the lymph nodes and tonsils (p50.01). TGII and

TN-C showed similar staining patterns [Fig. 1], which

indicated that the staining pattern was coadunate to the

FRC distribution in marginal zone and T-cell area unlike

the FDCs meshwork in GC and mantle zone.

Expression of CMEs on FRCs and FDCs in
non-neoplastic lymphoid tissues

Expression of CMEs in non-neoplastic lymphoid tissues

was evaluated in immunohistochemical single stain

(Fig. 2A–C and Table I). In accordance with FRCs’

reticular network and FDCs’ meshwork, all CMEs were

expressed in non-neoplastic lymphoid tissues, even if

there is a difference in SIs. The SIs of P4H1, LH3 and PDI

in the marginal zone, GC and T-cell area were higher

than those in the mantle zone (p50.01). P4H3, P3H1 and

HSP47 SIs were low in any area. Furthermore, we

confirmed which cells expressed any CMEs in immuno-

fluorescence double stain of CMEs and FRCs/FDCs

markers (Fig. 2D–F and Table II). The SIs of the double

positive cells of CMEs and FRCs markers in the marginal

zone and T-cell area were higher than those in the

mantle zone or GC (p50.05). The SIs of the double

positive cells of CMEs, except for P3H1 and PDI, and the

FDCs markers were higher in GC than the mantle zone

(p50.01). The SIs of P3H1 were very low. P3H1 and PDI

on FDCs could not be detected completely because of

the absence of S-100 protein+ FDCs of the mantle zone.

According to these results, CMEs in non-neoplastic

lymphoid tissues expressed on FRCs/FDCs, mainly. In

particular, P4H1, LH3 and PDI were high-expressed.

Some or many PDI+ lymphocytes were observed in each

area, except for the mantle zone.

Comparison of the expression of CMEs, TGII and

CD35 between malignant lymphomas and

postulated normal counterparts

Expression of CMEs in malignant lymphomas was

evaluated in immunohistochemical single stain

(Table II). In the same as non-neoplastic lymphoid

Figure 1. Immunofluorescence double staining of transglutaminase II and tenascin-C in non-neoplastic lymphoid tissues.
Transglutaminase II (rhodamine, red arrows) and tenascin-C (FITC, green arrows) were mainly expressed in the marginal zone and
T-cell area in a reactive lymph node (A) and tonsil (B). Double positive cells of transglutaminase II and tenascin-C were also detected in
the same areas (merged, yellow arrows).
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tissues, all CMEs+ cell was distributed looks like the FRCs’

reticular network and the FDCs’ meshwork in malignant

lymphomas too, even if there is a difference in degree.

And these SIs in malignant lymphomas were compared

with the SIs in the areas of their normal counterparts in

non-neoplastic lymphoid tissues. The SIs of P4H1 and

PDI were higher in MCL, NS-cHL and MC-cHL than in

their normal counterparts (p50.05) (Table II). The SIs of

both P3H1 and HSP47 were high in NS-cHL. Any SI of

CMEs was low in SLL, FL (any grade), non-GCB type

DLBCL, PTCL/EATL and AITL. The SIs of P4H1, P4H3, LH3

and HSP47 were low in GCB-type DLBCL. According to

these results, CMEs expression in most of lymphomas,

except MCL and cHL, was less than their normal

counterparts. There is no significant difference of CMEs

SIs among FLs, any grade. About PDI, it was not

expressed on lymphoma cells in all malignant lymph-

omas. And we confirmed some CMEs were expressed on

Figure 2. The expression of collagen modifying enzymes in non-neoplastic lymphoid tissues. The expression of prolyl 4-hydroxylase 1
(A), lysyl hydroxylase 3 (B), and protein disulfide isomerase (C) was more frequently observed in the marginal zone (MaZ) and germinal
center (GC) than in the mantle zone (MnZ) or interfollicular area (IF). A, B, and C are serial sections of the tonsil. Transglutaminase II (D
and F; rhodamine, red arrows) was predominantly expressed in the marginal zone and T-cell area, as was lysyl hydroxylase 3 (E and F;
FITC, green arrows) as well as in the germinal center in a lymph node. Double positive cells of transglutaminase II and lysyl hydroxylase
3 were localized in the marginal zone and T-cell area (F; merged, yellow arrows).
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FRCs/FDCs in some malignant lymphomas compared

with their normal counterparts [Fig. 3].

Distribution of FRCs/FDCs in malignant
lymphomas

In the same way as CMEs, expression of TGII+ FRC/CD35+

FRC in malignant lymphomas was evaluated (Table II).

The SIs of TGII was higher in GCB type DLBCL, AITL,

NS-cHL, MC-cHL, MCL and MALT/NMZL (p50.01) and

lower in FL (any grade), SLL and PTCL/EATL (p50.05)

than in their normal counterparts (Table II). The SIs of

CD35 were higher in MALT/NMZL and non-GCB type

DLBCL (p50.05) and lower in FL (any grade), GCB type

DLBCL, AITL, NS-cHL, MC-cHL and MCL (p50.01) than in

their normal counterparts.

By the use of SIs of TGII and CD35, FRCs/FDCs

distributions among malignant lymphomas were com-

paratively investigated. The TGII SI was higher than the

CD35 SI in SLL, MALT/NMZL, MCL, GCB type DLBCL, non-

GCB type DLBCL, PTCL/EATL, NS-cHL and MC-cHL

(p50.01). The TGII SI was lower than the CD35 SI in FL,

except for Grade 2 (p50.01). The SI ratios of TGII/CD35

were low (1:1.5) in FL (any grade), but slightly higher in

almost lymphomas (PTCL/EATL 27.8:1, SLL 20:1, GCB and

non-GCB type DLBCL 7.7:1, MALT/NMZL 6:1, NS and MC-

cHL 3.4:1, MCL 1.6:1, and AITL 1.3:1) (Table II). Among

FLs, Grade 1, 2 and 3, the SI ratios of TGII/CD35 were not

significant different (data not shown). In a few cases of

FLs (any grade), TGII+ cells were scattered in neoplastic

follicles [Fig. 4B]. TGII+ cells were diffusely observed in

SLL, MALT/NMZL and DLBCL (GCB and non-GCB type).

TGII+ cells intermingled with the CD35+ cells meshwork

MCL and AITL [Fig. 4C]. Hodgkin–Reed–Sternberg (HRS)

cells were observed in or outside of the TGII+ cell

network with independent of CD35+ cell meshwork in

cHLs.

Therefore, TGII+ FRCs were observed in all types of

lymphomas, and CD35+ FDCs were observed in GC-

forming lymphomas including MCL, FL, AITL and some

cHL, respectively [Fig. 4].

Expression of CME mRNAs by RT-PCR

b-Actin mRNA as the housekeeping gene was expressed

in all cases. The mRNAs of P4H1, P4H3, LH3 and HSP47

were expressed in positive controls. The mRNAs of P4H1,

P4H3 and HSP47 were expressed in all cases of non-

neoplastic tissues and lymphomas [Fig. 5], while LH3

mRNA was expressed in almost all cases except EATL.

Discussion

Firstly, immunohistochemical and immunofluorescence

double staining indicated that both TGII and TN-C

antibodies may be used as FRC markers, as previously

described.[5,11]

Secondly, FRCs in the marginal zone and T-cell area

and GC FDCs highly expressed P4H1, LH3 and PDI. The

expressions of P4H3, P3H1 and HSP47 were lower in any

area than in other CMEs, nevertheless P3H1 and HSP47

among CMEs were specific and restricted to collagen

biosynthesis in the intracellular endoplasmic reticu-

lum,[12,16] as demonstrated in the HSP47-KO

mouse.[34] This result suggested incomplete collagen

biosynthesis in FRCs/FDCs. Unexpectedly, FRCs/FDCs

Table I. The staining index of transglutaminase II, tenascin-C, and collagen modifying enzymes on fibroblastic reticular cells and
follicular dendritic cells in non-neoplastic lymph nodes.

TGII, transglutaminase II; TN-C, tenascin-C; P4H1, prolyl 4-hydroxylase 1; P4H3, prolyl 4-hydroxylase 3; P3H1, prolyl 3-hydroxylase 1; LH3, lysyl hydroxylase 3;
PDI, protein disulfide isomerase; HSP47, heat shock protein 47; ±, standard deviation; ND, not determined because of the absence of follicular dendritic cells in
the mantle zone detected by S-100 protein.

ap50.05.
bp50.01.
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expressed P4H3 at low levels in this study. P4H3 has

been associated with the biosynthesis of collagen III,[12]

which is one of the main components of FRCs’ reticular

fibers. This result suggested the low frequency of

collagen III biosynthesis in mature lymphoid tissues,

though it was essential for maturing.

Localization of CMEs in hematopoietic tumors is

still not fully understood. In this study, PDI was not

Figure 3. Comparison of three selected collagen modifying enzymes on transglutaminase II+ fibroblastic reticular cells or CD35+

follicular dendritic cells in between malignant lymphomas and postulated normal counterparts. Prolyl 4-hydroxylase 1 (P4H1) was
expressed in the germinal center (GC) and marginal zone (MaZ) (A; FITC, green colored) and transglutaminase II+ fibroblastic reticular
cells (TGII+ FRCs) were localized in the MaZ (A; rhodamine, red colored) in the tonsil. There were a few of P4H1+TGII+ FRCs in MaZ (A;
merged, yellow colored and arrows). In nodular sclerosis classical Hodgkin lymphoma, P4H1+TGII+ FRCs were proliferating (B; merged,
yellow colored) at the background of Hodgkin–Reed–Sternberg cells (data not shown). Lysyl hydroxylase 3 (LH3) was expressed in the
GC (C; FITC, green colored) and CD35+ follicular dendritic cells (CD35+ FDCs) were localized in the GC (C; rhodamine, red colored) in the
tonsil. There were a lot of LH3+CD35+ FDCs in GC (C; merged, yellow colored). In follicular lymphoma, there were a few of LH3+CD35+ FDCs
in the neoplastic follicle (D; merged, yellow colored and arrows). Protein disulfide isomerase (PDI) was expressed in the GC (E; rhodamine, red
colored) and CD35+ FDCs were localized in the GC (E; FITC, green colored) in the tonsil. PDI+CD35+ FDCs were scattered in GC (E; merged,
yellow colored and arrows). In follicular lymphoma, no PDI+CD35+ FDCs was existed in the neoplastic follicle (E; FITC, green colored).
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expressed on lymphoma cells themselves in all malig-

nant lymphomas, but expressed on B-cell chronic

lymphocytic leukemia cells, previously.[35,36] There

were a few reports investigating FRCs/FDCs distribution

in malignant lymphomas. GC-derived lymphomas

including FL, AITL and nodular lymphocyte predominant

HL had FDCs, and cHL has FDCs and fibroblasts.[8,9,37]

The recognization of FDCs’ pattern was useful in

identifying early lymphomas of follicular origin such as

FL, MCL and AITL.[9] It could not obtain definitive

Figure 4. Immunofluorescence double staining of transglutaminase II and CD35 in malignant lymphomas and a non-neoplastic
lymphoid follicle. In normal tonsil, transglutaminase II+ fibroblastic reticular cells (TGII+ FRCs) were mainly localized in the marginal
zone and T-cell area (A; rhodamine, red colored), and CD35+ follicular dendritic cells (CD35+ FDCs) were localized in the germinal center
(A; FITC, green colored). In follicular lymphoma, TGII+ FRCs were scattered in a neoplastic follicle (B; rhodamine, red colored) with the
background of densely packed CD35+ FDCs (B; FITC, green colored). In angioimmunoblastic T-cell lymphoma, TGII+ FRCs (C; rhodamine,
red colored) were intermingled with CD35+ FDCs meshwork (C; FITC, green colored). In nodular sclerosis classical Hodgkin lymphoma,
TGII + FRCs were proliferating (D; rhodamine, red colored) around an atrophic follicle of CD35 + FDCs (D; FITC, green colored).
Erythrocytes existed intravascular areas (B and C; merged, yellow arrows).

Figure 5. Reverse transcription polymerase chain reaction of collagen modifying enzymes. Positive controls for mRNAs of prolyl 4-
hydroxylase 1 (P4H1), prolyl 4-hydroxylase 3 (P4H3), lysyl hydroxylase 3 (LH3), and heat shock protein 47 (HSP47) were shown in lanes
1 and 17. The mRNAs of P4H1, P4H3 and HSP47 were expressed in non-neoplastic tonsils and lymph nodes (lanes 2 and 3, respectively)
and lymphomas (lane 4, small lymphocytic lymphoma; lane 5, nodal marginal zone lymphoma; lane 6, extranodal marginal zone
lymphoma of mucosa-associated lymphoid tissue; lane 7, mantle cell lymphoma; lanes 8 to 10, follicular lymphoma grades 1, 2 and 3,
respectively; lane 11, peripheral T-cell lymphoma; lane 12, enteropathy-associated T-cell lymphoma; lane 13, angioimmunoblastic T-
cell lymphoma; lane 14, nodular sclerosis classical Hodgkin lymphoma; lane 15, mixed cellularity classical Hodgkin lymphoma; lane 18,
diffuse large B-cell lymphoma not other specified, germinal center B-cell-like subgroup; lane 19, diffuse large B-cell lymphoma not
other specified, non-germinal center B-cell-like subgroup), while LH3 mRNA was expressed in most cases, except for enteropathy-
associated T-cell lymphoma. Lanes 16 and 20, negative control.
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diagnosis of these lymphomas, but be helpful as a factor

of differential diagnosis. The recognizing FRCs’ patterns

in malignant lymphomas were rare. Some malignant

lymphomas contain TGII+ FRCs.[7]

Thirdly, this is first study that demonstrated the

localization of CMEs on FRCs/FDCs in malignant lymph-

omas (Supplemental Fig. 1 and Table II). An interesting

finding was the lower expression of CMEs such as P4H1,

LH3 and PDI in the majority of malignant lymphomas,

except for MCL and cHL, than that of their normal

counterparts. A decrease in CMEs may be closely related

to the decrease in FRCs, FDCs or both populations

(Table II). This result suggested that lymphoma cell

proliferation disturbs the lymphoid tissue construction

with the reduction of FRCs/FDCs in most of malignant

lymphomas. And this may contribute to induction of

lymphoma cell involvement to another lymph node or

other parenchymas, because movement of lymphoma

cells was mediated by fibroblasts, probably FRCs.[20] In

mice study, FRCs had the role of the lymphoma-

permissive niche formation.[38] On the other hand, in

cases of in situ FL, the secondary follicle immunoarch-

itecture consisting vimentin+ FRCs and CD21+CD23+

FDCs remained recognizable.[20] Because of no selection

in situ FLs in this study, we will challenge investigating

FRCs/FDCs populations in their lymphomas in the future.

Conversely, the expression of CMEs was higher in MCL

and cHL than in their normal counterparts, together with

an increasing FRCs population and decreasing FDCs

population. This result suggested that CMEs+ FRCs were

associated with some lymphoma cell proliferation,

because patient-derived xenograft (PDX) of lymphoma

cells could not survive without FRCs, previously.[38]

Therefore, if stromal cell targeting therapy in lymphomas

will be developed, FRCs would be a main target.

Fourthly, RT-PCR, as qualitative test, confirmed the

expression of P4H1, P4H3, LH3 and HSP47 mRNAs in

normal lymphoid tissues and malignant lymphomas

(Fig. 5), although low level expression of P4H3 and

HSP47 by immunohistochemistry. This may have been

due to the low levels of translation and protein-

biosynthesis of P4H3 and HSP47. However this result

was affected by CMEs+ other stromal cells except for

FRCs/FDCs.

In conclusion, the present study demonstrated that

P4H1, LH3 and PDI were frequently expressed, whereas

other CMEs were not, on FRCs/FDCs populations in

lymphoid tissues. Therefore, FRCs/FDCs may have a

function of collagen production. And, the majority of

malignant lymphomas infrequently expressed CMEs,

which may have been due to the suppression of FRCs/

FDCs population by active lymphoma cell proliferation.

Conversely, MCL and cHL frequently had CMEs together

with an increasing number of the FRCs population.

Collectively, these results indicate that the balance

between CMEs-expressing FRCs/FDCs populations may

change the architectural conformation of respective

malignant lymphoma subtypes.
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