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The Bifurcation of B-Cell Activation

Extrafollicular Response
Rapid, generates initial short-lived PCs
(low-affinity antibodies) outside the follicle.

e

Activated B Cell
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Germlnal Center (GC) Response

Germlnal Center )

Tth 1 .
T-cell-dependent (Tfh). Drives affinity maturation via 1 Long-Lived PC Memory B Cell
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\ somatic hypermutahon to generate high-affinity LLPCs. »'

Memory Cell

Germinal Center (GC) Pathway

Location Borders of the B-cell follicle of the follicle

Speed of Rapid, first wave of defense requires expansive proliferation
Response ! !

T-Cell Can be independent or dependent | Strictly requires cells
Dependence

Cellular Short-lived plasma cells and

Output (low-affinity antibodies) (high-affinity, hypermutated antibodies)

Context: High antigen availability.

Outcome: Predominantly SLPC precursors (<30 days survival).

Proof: Quasimonoclonal and B1-8 transfer models show
massive splenic ASC spikes at d11-14 that largely die off.

Wave 1
(Early/Peak GC Response)
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Days 1 to 50 post-immunization

Context: Antigen strictly limiting.

Outcome: Predominantly LLPC precursors (>30 days survival).
Proof: Secondary transfers at d35 yield robust BM ASCs that
persist long-term even without antigen.
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The Core Architects: Transcription Factor Dossiers

IRF4 (Interferon Regulatory Factor 4)

Directive: The Director. 1| 2|0 DBD 179 Linkersz AD 42|0 470
Controls isotype switching, survival,

: N-terminal DNA-Binding Domain
and cellular metabolism. (DBE) with S#ariiem tryptaphans

C-terminal Interferon
Activation Domain (IAD)

BLIMP1 (B lymphocyte-induced maturation protein 1) "

Directive: The Silencer. 86 207 575 707 829

A transcriptional repressor that | [ PR [ Protich | | [OIIT]
ruthlessly extinguishes all remaining N-terminal PRDF1-RIZ  Proline-rich region 5 C2H2 zinc fingers (ZFD)
B-cell features. (PR) domain at the C-terminal
XBP1 (X box binding protein 1) g e 76 &9
Directive: The Quality Controller. ] bZIP [ ] i) |

Manages endoplasmic reticulum stress to bZIP domain Transactivation Domain (TD).

prevent the factory from burning out. Activated by splicing at 165

amino acids.

Cellular Immunology (2022)
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Secondary Lymphoid Organ Circulation Bone Marrow
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PC precursors \Cra, .
Iftoels NE cells ‘\_/ P BMPC precursors - Terminally differentiated PC
bl co19° c19' o019’ TFs cD19'  TFs cD19 TFs
oxoRa CD86' CD44* CD44*  PAXS CD44*  PAXS CD44°* PAXS
CD38M CXCR4* CD11a" CD11a* IRF4" CD11a*  IRF4™ CcD11a* IRF4™
e CcD3g" CcD3g™ CD38"  BLIMP1™ CD38"  BLIMPIM Ccpag* BLIMP1™
cD77* CcD138* CD138* XBP1M CcD138* XBP1M cD138* XBP1M

BMPC compartment has four subsets secreting Ab

CD19*CD38"CD138 precursor poolwith proliferative potential
+ hi " emanating from SLOs that can then give

CD19*CD38"CD138 rise to SLPCs or LLPCs by further

CD19-CD38"CD138- differentiation in the BM niche

CD19-CD38NMCD138* Terminally differentiated plasma cells
reactive plasmacytosis in a HIV* patient

Hologna, aula Fredh | it=1z naggio 2620 Immunological Reviews. 2021;303:62-71
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Lymphoplasmacytic lymphoma Plasma cell neoplasm

CD20
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Lymphoplasmacytic lymphoma
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CD5+ Annessina+ CD20 w+

Ciclina D1+ Ciclina D1+ CD5+
SOX11+ CD103+ CD23+
CD123+ LEF1+

possible CD23* or CD5*

HGAL+ IRF4 foc+
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Multiple Myeloma

Bologna, Aula Prodi | 11-12 maggio 2026
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Normal Lineage Multiple Myeloma
Pathological Downregulation (The Losses)
CD81 o+ O/ (dim)
CD27 o+ O/ (dim)
Pathological Upregulation (The Gains)
CD56 O - o+
CD28 O- o+
CD33 O - o+
CD200 O - o+
cD3 O- ®+
CD117 O - o+
3. Maintained Expressions & Baselines
CD307
CD66

CD117* 7.
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The Genetic Subclassification
of Multiple Myeloma

MM is formally subdivided into mutually exclusive groups:
Recurrent Genetic Abnormalities (90%) and NOS (10%).

Favorable Risk

MM with [ 45%1 °

Hyperdiploidy Trisomies of odd chromosomes (3, 5,7, 9, 11, 15, 19, 21)

CCND Family 90| t(11:14) CCND1:IGH (16%),
Translocations 18-20% (8 14) t(12; 14)
NSD2 0
Translocation 13-15% AlCHl)

t(14;16)
IGH ‘MAF, t(8;14), t(14;20)

72
S

Standard Risk

A\ Poor Risk

Translocations A\ Poor Risk

MAFA:IGH  IGH::MAFB
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Plasma cell and terminal B-cell differentiation T

in mantle cell lymphoma mainly occur in the s ety D'MW

S0X11-negative subtype J
( N

Inmaculada Ribera-Cortada®?, Daniel Martinez!, Virginia Amador?, Cristina Roye®, (. ’

Alba Navarro?, Silvia Bea®, Eva Gine®*, Laurence de Leval®, Sergio Serrano®, SOX11 ' i BLIMP1 & XBP1 Plasmacytic

Andrew Wotherspoon’, Dolors Colomer!”, Antonio Martinez!* and Elfas Campo®* — R  PAXS5 drops : Differentiation
Absent : ! Activated Procoads

When SOX11 is absent, the tumor cells become
responsive to regulatory stimuli, turning on the
terminal B-cell differentiation program.

- PAX5 maintains B-cell identity by repressing
iy puneer J enes that promote plasma cell differentiation.
G gon e

?cg}_ew

8
)

Typical balanced CCND1/IGH amplification of the fusion signal 6 CCND1 R 4 IGH Gand 2 fusion

i)

Mate-pair sequencing confirms that
I :
MCL breakpoints cluster cleanly nea

i A 3 inches include cleanly near the

‘X 'm':"ﬁ RAG1/2 Mediated major translocation cluster, resulting i
“ .l 1 PAXS‘%O ‘;',,;',"u (Aberrant VDJ Recombination) simple, balanced rearrangements
A — .4

by LY 4

(
| PCN breakpoints are highly variable
‘ frequently involving templated

\

\

insertions (gains of CCND1 and IGH
fusion regions typically <1 Mb in size

AID Mediated

(Aherrant Clacs Switrh Rernmhinatinn avnlainina tha rhantin CIQU cinnale
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Untangling the
IgM Precursors

Is an IGH::CCND1
or other MM-related
translocation present?

Yes

Are clonal plasma
cells present, but lack both
clonal B-cells AND a MYD88
utation (wild-type)?2.

Cvclin D1+ Plasma Cell Tvpe

Lu H et al Am J Clin Pathol 2022
Feyler S et al Br J Haematol 2008 - 40% MM IgM*/CCNDl*

King RL et al Am J Clin Pathol 2013
Castillo JJ Am J Hemnatol 2017

Bologna, Aula Prodi | 11-12 maggio 2026
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Follicular Lymphoma
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Slide Viewer

L

Imitates: Follicular Lymphoma.

Tell: Lacks CD10, BCL6 pattern.

Cleaved Cell Variant Monocytoid Variant

Slide Viewer -
i
', - 9

S

Imitates: Monocytic Neoplasms.

Tell: Irregular lobulated nuclei,
basophilic cytoplasm with

blebs/vacuoles. CD45 dim on flow.

Fend Virch Arch 2023; Hussein Pathol 2022; Cantu Diagnostic Pathol 2025;
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Secondary Lymphoid Organ Circulation Bone Marrow
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PC precursors \Cra, .
Iftoels NE cells ‘\_/ P BMPC precursors - Terminally differentiated PC
bl co19° c19' o019’ TFs cD19'  TFs cD19 TFs
oxoRa CD86' CD44* CD44*  PAXS CD44*  PAXS CD44°* PAXS
CD38M CXCR4* CD11a" CD11a* IRF4" CD11a*  IRF4™ CcD11a* IRF4™
e CcD3g" CcD3g™ CD38"  BLIMP1™ CD38"  BLIMPIM Ccpag* BLIMP1™
cD77* CcD138* CD138* XBP1M CcD138* XBP1M cD138* XBP1M

BMPC compartment has four subsets secreting Ab

CD19*CD38"CD138 precursor poolwith proliferative potential
+ hi " emanating from SLOs that can then give

CD19*CD38"CD138 rise to SLPCs or LLPCs by further

CD19-CD38"CD138- differentiation in the BM niche

CD19-CD38NMCD138* Terminally differentiated plasma cells
reactive plasmacytosis in a HIV* patient

Hologna, aula Fredh | it=1z naggio 2620 Immunological Reviews. 2021;303:62-71
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CD138 negative PC neoplasm

cells tend to be more immature
demonstrated higher CD45 expression
higher proliferative potential

poorer clinical outcome

Rely on CD38, IRF4, Kappa/lambda
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marginal zone lymphoma with plasmacytic differentiation

CD38

LPL MNDA"
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Lymphoplasmacytic Lymphoma
(LPL) Updates

¢ The Cellularity Rule Change

LPL can now be diagnosed with abnormal
lymphoplasmacytic aggregates representing <10%
of bone marrow cellularity, provided clonal B-cells
and plasma cells are present.

© Genetic Signatures

MYD88 L265P mutations found in >90% of cases.
CXCR4 mutations in up to 40% (associated with
hyperviscosity).

Bologna, Aula Prodi | 11-12 maggio 2026
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Primary Cold Agglutinin Disease (pCAD)

¢ Status
Newly recognized standalone entity.

® Definition

Indolent BM-based lymphoproliferative disorder
producing a cold agglutinin monoclonal antibody
(IgM, IGHV4-34 utilized).

¢ Key Differentiator

Lacks the MYD88 L265P mutation.

Trisomies 3, 12, 18 are highly recurrent, mimicking
marginal zone lymphomas.
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CD20/CCNDL !

200, B I8
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A. PCN: Red =Plasma cells, Blue = Mature B-L

clinical history

0
SR
00

<1 peripheral blood and/or bone marrow flow cytometry
N 154] { lymphadenopathy
M e o splenomegaly

Side Scatter CD38 Kappa, IC

B. BCL-SM: Red=PIasmaﬂcvells. Blue = Mature B;Lymphocytes ) ‘ , Slngle Or m u Itl ple Seru m M-prOteI n

o : CRAB

14 i . :
g3 TR osteolytic skeletal lesions
" 5

Side Scatter co3s Cco38

Kappa, IC
Paraproteinemia

Lymphadenopathy

In ~15% of cases, patients
present with splenomegaly,
hepatomegaly, or
prominent adenopathies
(indicating a higher risk of
disease progression).

Monoclonal IgM secretion
causing hyperviscosity and
epistaxis (nosebleeds).

Bone Marrow
Involvement

Directly linked to progressive
asthenia (fatigue) and
cytopenias.

Tissue Level
Complications

Secondary tissue impacts
including amyloid and
immunoglobulin deposits.
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LPL pre-therapy
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Extramedullary involvement Extramedullary

. ) EMZL with pc differentiation
in multiple myeloma Plasmacytoma

Bologna, Aula Prodi | 11-12 maggio 2026
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Cantone et al. Journal of Medical Case Reports (2017) 11:219

D3

X3

A

D3

4

4

E X4

» 1-3% of plasma cell malignancies
» frequently in the head and neck region

EMP with IgA expression predominantly manifests in lymph
nodes of the head and neck region, frequently in younger
patients with various forms of immune dysregulation
amyloid deposition frequently accompanies EMP

CD56, absence of t(11;14)

lower ki67 as compared to extramedullary manifestations of
multiple myeloma (the latter often: MYCt or TP53mut)
MM-type cytogenetics with recurrent IGH translocations and
polysomies,

Localized Neoplasms: The Flow Cytometry Gate

Detecting <10% minimal marrow involvement via flow cytometry drastically
accelerates 3-year progression risk.

Solitary Bone Plasmacytoma (SBP) Extraosseous Plasmacytoma (EMP)

0% 70%
With minimal marrow
20%_4 involvement (<10%): 80%
20% risk

With minimal marrow

Without minimal involvement (<10%): Without minimal
marrow involvement: 60% risk marrow involvement:
10% risk 6% risk
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TBLIXRT 24% * TNFAIP3  45%
GPR34 16% 5 NOTCH2 36%
NOTCH2 1% Salivary gland MZL A Dural MZL TLBXR1 36%
SPEN 1% 1P |
EP300 18%
KMT2C 1% KLHLG 18%
65%
TET2 o Ocular adnexal MZL TNFAIPZ 32%
. . TNFRSF14 % . { KMT2D 15%
Mutational profile g m Tweamm ‘ ® 7
ones 8% ' LRP1B 1%
MYD88 10%
KMT2D 25% J{
TNFAIP3 18% Pulmonaw MZL ]
PRDM1 2% Gastric M NOTCH1 16%
NOTCH1 12% astric ’ TNFAIP3 15%
EP300 1% NF1 14%
* KLF2 18% Ters :?;t
NOTCH2 16% f
st 150 Splenic MZL
TNFAIP3 gz
KMT20 >
&+ KMT2D 20%
FAS g% . Nodal MzL TNFAIP3 14%
; CREBBP 12%
SLAMF1 24% Cutaneous MZL PTPRD 12%
SPEN 18% KLF2 12%
NCOR2 13% ) :
CASP10 1% Vela et al Virchows Archive 2021

) N\
(=)
Substitution /(////; -‘-)l‘
tofg;‘ymine “,“I{‘{m MYD88 L265P
0 Cytosine {l—p— s R ;
=0 \\§\\‘§ R

7 Alternative MYD88 mutations
in 2-3%
A\
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Site t(11;18)
WHO 2008 (a21;921)
Stomach 6-26
Intestine 12-56
Ocular adnexaforbit 0-10
Salivary glands 0-5
Lung 31-53
Skin 0-8
Thyroid 017
EMZL
translocations

gains/ losses:
+18/18q
+3/3q

del 6923.3

t(14;18) 1(3;14) t(1;14) 3 +8
(932;921) (p14.1;q32) (p22;932)
15 0 0 1 6
0 0 0-13 75 25
0-25 0-20 0 38 13
0-16 0 0-2 55 19
6-10 0 2-7 20 7
0-14 0-10 0 20 4
0 0-50 0 17 0
CARD11 _:I 1(11;18)a21:q21)
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5‘ ) @ 5 %

=y

;BB
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VS

MM with
Hyperdiploidy

CCND Family
Translocations

NSD2
Translocation

MAF Family
Translocations

MM
aberration/translocations

45%

Trisomies of odd chromosomes (3, 5,7, 9, 11, 15, 19, 21)

—_—

t(11;14) CCND1::IGH (16%),

18-20% 814) t(12,14)

LR Y/ 1(414)

1(14;16)

LR |GHMAF, 1(8;14), t(14:20)
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always integrate clinical context

morphology suggest, phenotype guide

never rely on a single marker: complete immunphenotypic barcode
genetics: let the molecular data speak
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