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Abstract: Human herpesvirus 8 (HHV8)-associated diseases include Kaposi sarcoma (KS), mul-
ticentric Castleman disease (MCD), germinotropic lymphoproliferative disorder (GLPD), Kaposi
sarcoma inflammatory cytokine syndrome (KICS), HHV8-positive diffuse large B-cell lymphoma
(HHV8+ DLBCL), primary effusion lymphoma (PEL), and extra-cavitary PEL (ECPEL). We report
the case of a human immunodeficiency virus (HIV)-negative male treated for cutaneous KS, who
developed generalized lymphadenopathy, hepatosplenomegaly, pleural and abdominal effusions,
renal insufficiency, and pancytopenia. The excised lymph node showed features of concomitant
involvement by micro-KS and MCD, with aggregates of HHV8+, Epstein Barr virus (EBV)-negative,
IgM+, and lambda+ plasmablasts reminiscent of microlymphoma. Molecular investigations revealed
a somatically hypermutated (SHM) monoclonal rearrangement of the immunoglobulin heavy chain
(IGH), accounting for 4% of the B-cell population of the lymph node. Mutational analyses identified
a pathogenic variant of KMT2D and variants of unknown significance in KMT2D, FOXO1, ARID1A,
and KMT2A. The patient died shortly after surgery. The histological features (HHV8+, EBV−, IgM+,
Lambda+, MCD+), integrated with the molecular findings (monoclonal IGH, SHM+, KMT2D mu-
tated), supported the diagnosis of a monoclonal HHV8+ microlymphoma, with features intermediate
between an incipient HHV8+ DLBCL and an EBV-negative ECPEL highlighting the challenges in the
accurate classification of HHV8-driven lymphoid proliferations.

Keywords: HHV8; MCD; microlymphoma; HHV8+ DLBCL; extra-cavitary PEL; mutations; somatic
hypermutation

1. Introduction

Kaposi sarcoma herpesvirus/human herpesvirus 8 (KSHV/HHV8) is etiologically
related to a spectrum of unique clinicopathologic entities mostly occurring in patients with
an immunodeficiency [1].

HHV8-associated multicentric Castleman’s disease (HHV8-MCD) is a subtype of MCD,
which comprises a heterogeneous group of lymphoproliferative disorders characterized
by lymphadenopathies and systemic inflammatory symptoms driven by the excessive
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production of interleukins (IL), especially IL-6 [2]. HHV8-MCD mostly affects immuno-
compromised patients, particularly in association with HIV infection, but it can also affect
immunocompetent individuals, mainly in HHV8-endemic areas. Histologically, HHV8-
infected large cells resembling immunoblasts or plasmablasts are scattered in the expanded
mantle zones of atrophic or hyperplastic follicles in a lymph node, with interfollicular
plasmacytosis and increased vascularization [1–3]. HHV8-infected cells express MUM1,
IgM, and lambda light chain, variably CD20 and CD79a, and show polyclonal unmutated
immunoglobulin genes (IG), suggesting their origin from naïve B-cells. They may expand
and aggregate into small sheets, previously termed “microlymphoma” [2–6], with the
potential to progress to a monoclonal proliferation and then to an overt HHV8-positive
diffuse large cell B-cell lymphoma (HHV8+ DLBCL) [7].

In HHV8+ DLBCL, monoclonal HHV8/IgM/Lambda plasmablasts efface the lymph
node architecture and should be differentiated from an extra cavitary-primary effusion
lymphoma (EC-PEL), which may occur as well in patients with MCD. In EC-PEL the
neoplastic effusion in body cavities characteristic of PEL is lacking. Unlike HHV8+ DLBCL,
the malignant cells in PEL/ECPEL are usually negative for pan–B-cell antigens, express
MUM1, CD138, frequently CD30, and monotypic kappa or lambda light chains in about
40% of the cases [8]. They also usually show co-infection by Epstein Barr virus (EBV) and
have hypermutated IG, indicating they derive from antigen-experienced B-cells [9,10].

Germinotropic lymphoproliferative disorder (GLPD) is a polyclonal proliferation of
MUM1+ plasmablasts coinfected by Epstein Barr virus (EBV) and HHV8, which expand
within the germinal centers of lymph nodes with no pathological features of MCD. It
usually occurs in elderly, immunocompetent patients [1,3].

Kaposi sarcoma inflammatory cytokine syndrome (KICS) is an aggressive disorder
occurring in HIV+ or transplanted patients with concurrent Kaposi sarcoma (KS) (90% of
the cases) and/or PEL (20% of the cases). Similarly to HHV8-MCD, KICS is associated
with an overproduction of human IL-6 and IL-10 and viral IL-6, and clinically manifests
with fever, dyspnea, weight loss, fluid retention, lymphadenopathies, splenomegaly, hep-
atomegaly, and with an elevated serum HHV8 viral load but without histological evidence
of MCD [11,12].

Kaposi sarcoma (KS) is a low-grade vascular tumor and an AIDS-defining illness
caused by the infection and proliferation of endothelial cells of blood and lymphatic ves-
sels [13]. The co-existence of KS and KICS or MCD in the same lymph node is not uncom-
mon [11,14,15], but only a few cases have been reported in HIV-negative patients [16–18].

Herein, we describe the case of an HIV-negative man affected by cutaneous KS with
simultaneous lymph node involvement by KS, HHV8-MCD, and a monoclonal HHV8+
microlymphoma. In this setting, we provide the first comprehensive molecular characteri-
zation, through next-generation sequencing (NGS), of immunoglobulin heavy chain (IGH)
and 54 lymphoma-related genes. The relevant literature on HHV8 microlymphoma is also
herein reviewed.

2. Detailed Case Description
2.1. Clinical Data

A 66-year-old Caucasian male with a diagnosis of cutaneous Kaposi sarcoma (KS),
previously treated with gemcitabine chemotherapy for two months, was referred to the
Intensive Care Unit (ICU) of our hospital for severely worsening fatigue, dyspnea, and
pancytopenia. The patient was HIV-negative, had no history of systemic diseases, drug
abuse, or long-term use of steroids and did not show signs or symptoms compatible with
an autoimmune pathology. There were no recurring infections noted in the medical history,
nor were there alterations in previous hematological and biochemical tests. The patient had
well-controlled type II diabetes mellitus with oral hypoglycemic agents. The serum protein
electrophoresis did not show any deficiency in gamma globulins, and lymphocyte typing
did not reveal any notable alterations. Blood tests showed leukocytosis (15.3 × 103/µL),
anemia (hemoglobin 7.5 g/dL), thrombocytopenia (83 × 103/µL), and elevated levels of
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the C-reactive protein (12.40 mg/dL) and of the erythrocyte sedimentation rate (59 mm/h),
whereas procalcitonin was within the normal range. A polymerase chain reaction showed
high titers (>50,000 copies/mL) of HHV8 DNA in peripheral blood mononuclear cells.
A physical examination showed bilateral axillary and inguinal lymphadenopathy with-
out skin lesions. A computed tomography (CT) scan showed diffuse bilateral interstitial
peribronchovascular thickening, atelectasis of the lower lungs, bilateral pleural effusion,
hepatosplenomegaly, massive ascites, and axillary, mediastinal, intraabdominal, pelvic, and
bilateral inguinal lymphadenopathy (maximum diameter 3 cm). Oxygen saturation was
85%, with no benefit from oxygen integration with a high-flow nasal cannula (HFNC), and
a worsening renal insufficiency (blood urea nitrogen 74 mg/dL and creatinine 3.43 mg/dL)
implied the need for dialysis support. Bone marrow aspiration revealed a marked hypocel-
lular bone marrow with trilinear hypoplasia. Intravenous treatment with ganciclovir was
started (5 mg/kg two times a day). To evaluate the hypothesis of an HHV8-positive
lymphoproliferative disorder, an axillary lymph node excisional biopsy was performed.
Unfortunately, the patient’s clinical condition deteriorated rapidly within a few weeks,
leading to multiorgan failure and death.

2.2. Histological Findings

A lymph node biopsy showed increased vascularity and prominent polytypic plas-
macytosis encircling the CD20-positive B-cell nodules, some of which were characterized
by a disrupted CD23+ and CD21+ follicular dendritic cell (FDC) meshwork and scattered
IgD+ cells, reminiscent of lymphoid follicles. Rare atrophic follicles made by compact
dense networks of FDCs and rare BCL6+, CD10−/+, and BCL2− cells were also present
(Figure 1A–J).
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Figure 1. Lymph node ((A): H&E, o.m. ×7) with marked interfollicular polytypic plasmacytosis
((B): CD138, o.m. ×7; (C): Lambda o.m. ×260; (D): kappa, o.m. ×260) and B-cell nodules (E): CD20,
o.m ×7), with rare recognizable atrophic follicles ((F): H&E, o.m. ×400), dense FDC meshworks
((G): CD23, o.m. ×400), and scattered HHV8+ plasmablasts in the mantle zones ((H): LANA1, o.m.
×400). The majority of the B-cell nodules showed remnants of (blue square) or absent (red square)
FDC meshworks ((I): CD21, o.m. ×25, inserts ×160) and contained aggregates of HHV8-infected
cells ((J): LANA1, o.m 25, inserts ×160).

Large cells negative for CD138 and CD30 but expressing LANA-1, MUM1, IgM,
and lambda, and variably positive for CD20 and CD79a, were sparse within the mantle
zones of the atrophic follicles and formed larger aggregates within the B-cell nodules
(Figures 1H,J and 2A–I). In situ hybridization for EBERs showed rare positive cells in the



Int. J. Mol. Sci. 2024, 25, 3775 4 of 12

perifollicular areas where small mature CD3+ T-cells were present. The proliferation index
was high in the interfollicular regions (Ki-67 = 60%) and lower in the follicles (Ki-67 = 15%).
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Figure 2. Large cells with prominent nucleoli resembling plasmablasts ((A): H&E) and expressing
LANA1 (B), MUM1 (C), CD79a (D), partially CD20 (E), and weakly PAX5 (F). The majority were
lambda-positive ((G): kappa, (H): lambda), whereas a proportion were IgM+ (I) (all images, o.m.
×400).

These findings excluded the diagnosis of KICS, favoring HHV8-MCD with foci of
microlymphoma. In addition, in a thickened area of the lymph node capsule, a LANA1+,
CD34−, CD31+, slit-like vascular proliferation, suggestive of lymph node involvement by
a microscopic KS, was observed (Figure 3A–D).
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2.3. Clonality Analyses

Clonality studies, performed using a gene scan polymerase chain reaction approach
(IdentiClone IGH geneclonality, InVivoScribe Inc., San Diego, CA, USA) on the DNA
extracted from the lymph node and the bone marrow (BM) blood, showed the same
monoclonal IGH rearrangement on a polyclonal background in both sites (Figure 4A,B).
The framework region 1 (FR1) of the IGH gene was further investigated by next-generation
sequencing (NGS) analysis (LymphoTrack Dx FR1 IGH Assay, InVivoScribe Inc., on an
Illumina MiSeq platform) as previously described [19]. The following guidelines for the
NGS clonality assays were applied [20]: (1) a clonal rearrangement is defined by the
presence of a specific clonotype in ≥2.5% of total reads of the merged rearrangement
sequences; and (2) a clonal rearrangement should be ≥3 times the percentage reads of the
third top-merged sequence. The analysis found a prevalent productive IGH rearrangement
(VH3-30_18—JH4_02), accounting for 4.05% of the total number of reads (total read count:
164,746), showing a 2.2% somatic hypermutation (SHM) (Figure 4C).
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Figure 4. Clonality studies showed the presence of an identical monoclonal rearrangement (red
arrows) on a polyclonal background of the IGH gene in the FR1 and FR2 mixes on both the lymph
node (A) and the bone marrow blood (B), which accounted for 4.05% of the total reads by IGH FR1
NGS analysis with a somatic hypermutation rate of 2.2% ((C): green part of the column in the upper
panel and blue rectangle in the lower panel). Gene scan analyses detected a polyclonal IGL gene
rearrangement (D), whereas the IGK gene (E,F) showed a polyclonal rearrangement with a mild
prevalence of a peak in the Vκ-Jκ PCR mix in both the bone marrow and the lymph node ((E), green
arrows). Another prominent peak with a molecular weight of 260 bp that was outside the reference
ranges was observed in the Vκ-Kde + intron-Kde PCR mix ((F), black arrows).

PCR fragment and NGS clonality testing are generally highly concordant, although
a linear equivalence between the height of the peak revealed by gene scan analysis and
the percentage of the clonotypes detected by NGS is not always observed. This is because
different PCR fragments may show the same size (base pairs), despite having different VDJ
rearranged sequences [21,22]. In this light, the prominent monoclonal peak we detected in
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the lymph node by the PCR fragment assay likely comprised the 4% clonal rearrangement
detected by NGS analysis.

PCR gene scan analyses for the light-chain genes were also performed on the lymph
node and the BM blood (IdentiClone IGK and IGL geneclonality, InVivoScribe Inc.). Un-
expectedly, the IGL was polyclonal (Figure 4D), whereas the IGK was polyclonal with a
mild prominentf peak, with the same molecular weight in both the lymph node and the
bone marrow blood (green arrow Figure 4E). A second prominent peak with a molecular
weight of 260 bp was detected, although it was outside the reference ranges (210–250 bp,
270–300 bp, 350–390 bp) (Figure 4F).

All together, these findings suggested the progression of the microymphoma into a
monoclonal lymphoproliferative disorder, at the same time raising the issue of a differential
diagnosis between an incipient HHV8+ DLBCL and a limited lymph node involvement by
an EBV-neg ECPEL.

2.4. Mutational Analyses

Since malignant transformation could be favored by the accumulation of molecular
alterations, and molecular data regarding HHV8 microlymphomas are lacking, we per-
formed a targeted NGS analysis on the DNA extracted from the lymph node, interrogating
54 genes frequently mutated in B-cell malignancies (SOPHIA DDMTM panel for Lymphoid
Malignancies on an Illumina Nextseq550 platform). The percentage of target regions with
a coverage of 500× and 1000× was 100% and 99.99%, respectively, and the coverage
10% quantile was 8785×. The data analysis, conducted using Sophia DDMTM software
(version 5.10.45—b296118-3685034, SOPHIA GENETICS, Rolle, Switzerland), identified
a pathogenic frameshift mutation in KMT2D and other missense variants of uncertain
significance (VUS) in KMT2D, KMT2A, FOXO1, and ARID1A (Table 1). No copy number
alterations were found in the 54 investigated genes.

Table 1. Somatic mutations detected by targeted NGS, including prediction of amino acid changes
that affect protein function (SIFT, Polyphen2, mutation assessor, mutation taster).

Gene Reference Chr cDNA Coding
Consequence AAchange COSMIC/

Clinvar VAF SIFT Polyphen2 Mutation
Assessor

Mutation
Taster Prediction

KMT2D NM_003482 12q13.12 c.1940del Frameshift p.(Pro647fs) COSV56415893/
rs770315135 1.9 NA NA NA NA Pathogenic/Likely

pathogenic

KMT2D NM_003482 12q13.12 c.11843T>A Missense p.(Leu3948His) COSV105187453/
rs1943003450 5.5 Uncertain Benign Benign

moderate (0) Uncertain (1) VUS

KMT2D NM_003482 12q13.12 c.11756_11758del Inframe_3 p.(Gln3919del) COSV56474613/
rs576788910 5.3 NA NA NA NA VUS

KMT2A NM_001197104 11q23.3 c.46A>C Missense p.(Thr16Pro) None 1.5 Uncertain
(0.00)

Possibly
damaging

(0.914)

Benign
moderate (0)

Benign
supporting

(0.99)
VUS

FOXO1 NM_002015 13q14.11 c.295G>C Missense p.(Ala99Pro) None 3.3
Benign

moderate
(0.34)

Possibly
damaging

(0.652)

Benign
moderate (0)

Uncertain
(0.99) VUS

ARID1A NM_006015 1p36.11 c.64T>G Missense p.(Ser22Ala) None 3.1
Pathogenic
supporting

(0.0)

Possibly
damaging

(0.956)

Benign
moderate

(0.55)

Benign
moderate

(0.69)
VUS

COSMIC: Catalogue of Somatic Mutations in Cancer; Chr: chromosome; AAchange: aminoacid change; VAF:
variant allele frequency.

3. Discussion

HHV8 is thought to be responsible for the differentiation into plasmablasts of IgM-
positive naïve B-cells in the absence of germinal center reaction [5,6] and for their restriction
of the lambda light chain by inducing human immunoglobulin editing (B-cell receptor
revision) in mature kappa-expressing lymphocytes [3,23,24]. Its role in lymphomagenesis
has been linked to the expression of latent and lytic cycle proteins [3]. In particular, viral
cyclin (vCYC) induces S-phase entry and cell proliferation; viral FLICE-inhibitory protein
(vFLIP) induces the expression of antiapoptotic proteins and pro-inflammatory cytokines;
latency-associated nuclear antigen (LANA) inactivates the tumor-suppressor proteins p53
and RB1 and upregulates the oncogene MYC; Kaposin B activates mitogen-activated protein
kinase–associated protein kinase 2 (MAPKAPK2) and prolongs the half-lives of MYCs;
viral interferon regulatory factor 3 (vIRF3) inactivates p53; and KSHV microRNAs inhibit
apoptosis and promote viral latency. Despite the activity of its oncogenic proteins, HHV8 is
not able to transform B-cells in culture [25], and a long latency preceded the development
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of B-cell lymphomas in a subset of LANA-expressing transgenic mice [26]. These findings
suggest that HHV8 lymphomagenesis requires additional genetic events and/or other
viral/cellular oncoproteins.

In keeping with these observations, in MCD, the majority of the few microlymphoma
cases described in the literature [4,5,15,27–31] were polyclonal (Table 2). Du et al. found two
monoclonal unmutated (SHM 0.1–0.4%) microlymphomas out of eight cases [5]. Cloning
and sequencing of the IGH PCR products confirmed the presence of a dominant clonal cell
population in the two monoclonal microlymphomas, whereas multiple unrelated clones
or multiple clones with one weakly dominant clone were detected in the six polyclonal
microlymphomas. In addition, different microlymphomas from the same patient showed
different clones, suggesting that these microlymphomas carried multiclonal B-cell pop-
ulations with an uncertain malignant capacity. Indeed, two patients had concomitant
nodal plasmablastic lymphoma, but only in one of them was the plasmablastic lymphoma
clone present at a low frequency in the concurrent splenic microlymphomas. Of note, the
other plasmablastic lymphoma case showed a monoclonal IGH but a polyclonal IGL genes
rearrangement [5].

Table 2. Clinicopathological characteristics and clonality results of HHV8+ microlymphomas de-
scribed in the literature.

Age/Sex HIV Status Diagnosis
(Site of Involvement)

Plasmablasts
Light-Chain
Restriction

IGH
Rearrangement

Associated
Diseases
(Site of

Involvement)

Clinical Outcome

Dupin et al. [4]

32/M Positive HHV8 MCD (LN, spleen)
Microlymphoma (spleen) Lambda Unable to confirm

monoclonality KS (skin)
Death within 6 months

from diagnosis of
“plasmablast” crisis

62/M Positive HHV8 MCD (LN, spleen)
Microlymphoma (spleen) Lambda Unable to confirm

monoclonality None

Death within 7 months
from diagnosis of

disease progression and
ketoacidosis

47/F Positive

HHV8 MCD (LN, spleen)
Lymphoma (LN, spleen,

pharynx)
Microlymphoma (spleen)

Lambda Unable to confirm
monoclonality KS (skin and palate)

Death within 9 months
from diagnosis of

plasmablastic
lymphoma

Du et al. [5]

- Negative
HHV8 MCD (LN)
Lymphoma (LN)

Microlymphoma (spleen)
Lambda Monoclonal - -

- Positive HHV8 MCD (LN)
Microlymphoma (spleen) Lambda Polyclonal - -

- Negative HHV8 MCD (LN)
Microlymphoma (LN) Lambda Polyclonal - -

- Positive HHV8 MCD (LN)
Microlymphoma (spleen) Lambda Monoclonal - -

- Positive
HHV8 MCD (LN)
Lymphoma (LN)

Microlymphoma (spleen)
Lambda Polyclonal - -

- Positive HHV8 MCD (LN)
Microlymphoma (spleen) Lambda Polyclonal - -

- Positive HHV8 MCD (LN)
Microlymphoma (spleen) Lambda Polyclonal - -

- Positive HHV8 MCD (LN)
Microlymphoma (spleen) Lambda - - -

- Positive HHV8 MCD
Microlymphoma (LN) Lambda Polyclonal - -
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Table 2. Cont.

Age/Sex HIV Status Diagnosis
(Site of Involvement)

Plasmablasts
Light-Chain
Restriction

IGH
Rearrangement

Associated
Diseases
(Site of

Involvement)

Clinical Outcome

Li et al. [27]

61/M Negative HHV8 MCD (LN)
Microlymphoma (LN) Lambda Polyclonal Hemophagocytic

Syndrome (BM)

Death within 1 month
from diagnosis of acute

respiratory distress
syndrome

Dargent et al. [28]

32/M Positive HHV8 MCD (LN)
Microlymphoma (LN) Lambda Polyclonal KS

Death shortly after
diagnosis of multiple

organ failure

Eaton et al. [15]

42/M Positive HHV8 MCD (LN)
Microlymphoma (LN) Lambda Not determined KS (skin and LN) Alive at 10 years

follow-up

Seliem et al. [29]

45/M Positive

HHV8 MCD (LN)
GLPD vs.

Microlymphoma vs.
ECPEL (LN and spleen)

Lambda (dim) Polyclonal
KS (spleen and LN)
Hemophagocytic
syndrome (BM)

Death within 7 months
from diagnosis of
hemophagocytic

syndrome

Koenig et al. [30]

67/F Negative MCD (LN, spleen)
Microlymphoma (LN) Lambda Not determined -

Partial response to
rituximab and complete
response to siltuximab,

alive

Gonzalez-Farre et al. [31]

22/F Positive Plasmablastic-rich MCD
(LN) Lambda Polyclonal -

R-CHOP and
intrathecal RT, alive

64 months after
diagnosis

37/M Positive Plasmablastic-rich MCD
(LN) Lambda Not determined - Death shortly after

diagnosis

30/M Positive Plasmablastic-rich MCD
(LN) Lambda Polyclonal KS

R-CHOP and cART,
alive

64 months after
diagnosis

Rogges et al. (present case)

66/M Negative MCD (LN)
Microlymphoma (LN) Lambda Monoclonal KS (skin and LN)

Death shortly after
diagnosis of multiple

organ failure

KS: Kaposi sarcoma; R-CHOP: Rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone; cART:
combined antiretroviral therapy.

Similarly, we found a dominant IGH peak within a polyclonal background which cor-
responded to a 4% IGH clone by NGS analysis, but the presence of SHM in the rearranged
IGHV gene was not compatible with a naïve B-cell origin. Likewise, the IGL gene was
polyclonal, whereas the IGK gene showed a mild prominent peak, raising suspicion of
early lymph node involvement by an EBV-neg ECPEL with a post-germinal center origin.
In addition, gene scan analysis revealed in the bone marrow blood the same clone found in
the lymph node, indicating that the clone was disseminated.

The fifth edition of the World Health Organization (WHO) Classification of Hema-
tolymphoid Tumors (WHO-5) acknowledges that the distinction between nodal involve-
ment by an EBV-neg ECPEL and HHV8+ DLBCL may be difficult [1], whereas the inter-
national consensus classification of mature lymphoid neoplasms (ICC) states that HHV8+
DLBCL should be favored in EBV-negative cases with cytoplasmic IgM, lambda, and/or
those associated with MCD [32]. An aqssessment of clonality and SHM could help in this
diagnostic dilemma, although, as in our case, it might make the distinction even more
problematic, highlighting the possibility of a gray area between these two entities. The
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case described by Seliem et al. is also unusual [29]. An HIV+ patient showed aggregates of
EBV+/HHV8+ plasmablasts in the germinal centers and within the sinuses of the lymph
nodes. Although the polyclonality of the plasmablastic proliferation argued against an
ECPEL favoring the diagnosis of a GLPD, the patient was HIV+, the lymph node showed
features reminiscent of MCD, and the disease behaved aggressively. Two additional prob-
lematic cases of ECPEL versus HHV8+ DLBCL and GLPD have been reported recently
by the 2022 European Association for Hematopathology/Society for Hematopathology
lymphoma workshop, stressing the lack of consensus among expert hematopathologists in
classifying such cases [33].

Mutational data are currently available for cases of PEL/ECPEL but not of HHV8+
DLBCL or monoclonal microlymphoma [9,33–36]. In our case of monoclonal HHV8+ mi-
crolymphoma associated with MCD, mutational analysis found a pathogenic mutation in
KMT2D (alias MLL4 or MLL2), a histone methyltransferase that regulates gene transcription
and DNA repair [37,38]. KMT2D has been found to be recurrently mutated in diffuse large
B-cell lymphoma (DLBCL) and follicular lymphoma (FL) [39] but not in PEL/ECPEL and
in KS [9,13,33–36]. Additionally, we found VUS in the KMT2A, FOXO1, and ARID1A genes.
Nonsynonymous mutations in these genes have also been described in DLBCL [40,41].
In particular, variants of the epigenetic genes KMT2A and ARID1A have been reported
to enhance the correlation of KMT2D nonsynonymous mutations, with tumor genomic
complexity and poor prognosis in wild-type TP53 DLBCL [41], and to recur more frequently
in EBV-positive DLBCL [42]. FOXO1 encodes instead for a transcription factor coordinating
the dark zone program required for the germinal center (GC) response. FOXO1 variants,
found in 15% of transformed FL and in 10% of de novo and 36% of relapsed or refractory
DLBCL, are thought to favor the competitive expansion of FOXO1-mutant GC B-cells in the
absence of synergistic signals, by activating programs resembling positive selection [43–45].
The mutations in FOXO1, KMT2A, and ARID1A we detected in our case did not perfectly
match with those previously reported in the literature; thus, they did not support their defi-
nite pathogenicity. However, further studies focused on HHV8-driven lymphoproliferative
disorders might better clarify their possible implication in this specific type of disease.

KS is also an enigmatic disease currently classified as a neoplasm, although its neoplas-
tic nature is still debated, since contrasting data exist on clonality and genetic alterations [13].
The coexistence of MCD and KS in the same tissue is a common phenomenon. Naresh and
colleagues [14] demonstrated that 63% of HIV-positive patients diagnosed as HHV8-MCD
showed evidence of coexisting KS. They hypothesized that this association is due to the lytic
HHV8 infection of B-lymphoid cells that expose endothelial cells to high levels of HHV8,
resulting in the formation of KS tumorlets in the lymph nodes. In our report, the patient
was initially diagnosed and treated for a cutaneous KS, and two months later developed a
systemic lymphadenopathy, consistent with simultaneous involvement by HHV8-MCD
and capsular micro-KS suggestive of a persistent HHV8 lytic infection.

4. Conclusions

In conclusion, we reported here the case of an HIV-negative patient who developed
a rapidly fatal HHV8-driven multisystemic inflammatory syndrome, with concomitant
lymph node involvement by KS, HHV8-MCD, and foci of IgMλ microlymphoma, in which
IGH and mutational NGS analyses identified a monoclonal B-cell proliferation with a
putative post-germinal center derivation and a pathogenic mutation in KMT2D. In the
setting of a differential diagnosis between an initial HHV8+ DLBCL and an ECPEL, the
integration of histopathological and molecular data highlighted, in our case, the difficulty
of defining the possible evolution of the microlymphoma within the spectrum of HHV8-
positive lymphoproliferations.
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vestigation, C.S., G.L. and I.D.S.; resources, S.P. and G.L.V.; data curation, A.D.N., E.R. and S.P.;
writing—original draft preparation, E.R. and S.P.; writing—review and editing, A.D.N. All authors
have read and agreed to the published version of the manuscript.



Int. J. Mol. Sci. 2024, 25, 3775 10 of 12

Funding: This research received no external funding.

Institutional Review Board Statement: The study did not require ethical approval, since all the work
has been carried out for diagnostic purposes.

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Alaggio, R.; Amador, C.; Anagnostopoulos, I.; Attygalle, A.D.; de Oliveira Araujo, I.B.; Berti, E.; Bhagat, G.; Borges, A.M.; Boyer,

D.; Calaminici, M.; et al. Correction: “The 5th Edition of the World Health Organization Classification of Haematolymphoid
Tumours: Lymphoid Neoplasms” Leukemia. 2022 Jul;36(7):1720–1748. Leukemia 2023, 37, 1944–1951. [CrossRef]

2. Dispenzieri, A.; Fajgenbaum, D.C. Overview of Castleman Disease. Blood 2020, 135, 1353–1364. [CrossRef] [PubMed]
3. Cesarman, E.; Chadburn, A.; Rubinstein, P.G. Kshv/Hhv8-Mediated Hematologic Diseases. Blood 2022, 139, 1013–1025. [CrossRef]

[PubMed]
4. Dupin, N.; Diss, T.L.; Kellam, P.; Tulliez, M.; Du, M.Q.; Sicard, D.; Weiss, R.A.; Isaacson, P.G.; Boshoff, C. Hhv-8 Is Associated

with a Plasmablastic Variant of Castleman Disease That Is Linked to Hhv-8-Positive Plasmablastic Lymphoma. Blood 2000, 95,
1406–1412. [CrossRef] [PubMed]

5. Du, M.Q.; Liu, H.; Diss, T.C.; Ye, H.; Hamoudi, R.A.; Dupin, N.; Meignin, V.; Oksenhendler, E.; Boshoff, C.; Isaacson, P.G. Kaposi
Sarcoma-Associated Herpesvirus Infects Monotypic (Igm Lambda) but Polyclonal Naive B Cells in Castleman Disease and
Associated Lymphoproliferative Disorders. Blood 2001, 97, 2130–2136. [CrossRef] [PubMed]

6. Oksenhendler, E.; Boulanger, E.; Galicier, L.; Du, M.Q.; Dupin, N.; Diss, T.C.; Hamoudi, R.; Daniel, M.T.; Agbalika, F.; Boshoff,
C.; et al. High Incidence of Kaposi Sarcoma-Associated Herpesvirus-Related Non-Hodgkin Lymphoma in Patients with Hiv
Infection and Multicentric Castleman Disease. Blood 2002, 99, 2331–2336. [CrossRef] [PubMed]

7. Chadburn, A.; Said, J.; Gratzinger, D.; Chan, J.K.; de Jong, D.; Jaffe, E.S.; Natkunam, Y.; Goodlad, J.R. Hhv8/Kshv-Positive
Lymphoproliferative Disorders and the Spectrum of Plasmablastic and Plasma Cell Neoplasms: 2015 Sh/Eahp Workshop
Report-Part 3. Am. J. Clin. Pathol. 2017, 147, 171–187. [CrossRef] [PubMed]

8. Hu, Z.; Pan, Z.; Chen, W.; Shi, Y.; Wang, W.; Yuan, J.; Wang, E.; Zhang, S.; Kurt, H.; Mai, B.; et al. Primary Effusion Lymphoma: A
Clinicopathological Study of 70 Cases. Cancers 2021, 13, 878. [CrossRef] [PubMed]

9. Gaidano, G.; Pasqualucci, L.; Capello, D.; Berra, E.; Deambrogi, C.; Rossi, D.; Maria Larocca, L.; Gloghini, A.; Carbone, A.;
Dalla-Favera, R. Aberrant Somatic Hypermutation in Multiple Subtypes of Aids-Associated Non-Hodgkin Lymphoma. Blood
2003, 102, 1833–1841. [CrossRef]

10. Rossi, G.; Cozzi, I.; Della Starza, I.; De Novi, L.A.; De Propris, M.S.; Gaeta, A.; Petrucci, L.; Pulsoni, A.; Pulvirenti, F.; Ascoli, V.
Human Herpesvirus-8-Positive Primary Effusion Lymphoma in Hiv-Negative Patients: Single Institution Case Series with a
Multidisciplinary Characterization. Cancer Cytopathol. 2021, 129, 62–74. [CrossRef]

11. Polizzotto, M.N.; Uldrick, T.S.; Wyvill, K.M.; Aleman, K.; Marshall, V.; Wang, V.; Whitby, D.; Pittaluga, S.; Jaffe, E.S.; Millo, C.; et al.
Clinical Features and Outcomes of Patients with Symptomatic Kaposi Sarcoma Herpesvirus (Kshv)-Associated Inflammation:
Prospective Characterization of Kshv Inflammatory Cytokine Syndrome (Kics). Clin. Infect. Dis. 2016, 62, 730–738. [CrossRef]
[PubMed]

12. Mularoni, A.; Gallo, A.; Riva, G.; Barozzi, P.; Miele, M.; Cardinale, G.; Vizzini, G.; Volpes, R.; Grossi, P.; Di Carlo, D.; et al.
Successful Treatment of Kaposi Sarcoma-Associated Herpesvirus Inflammatory Cytokine Syndrome after Kidney-Liver Transplant:
Correlations with the Human Herpesvirus 8 Mirnome and Specific T Cell Response. Am. J. Transplant. 2017, 17, 2963–2969.
[CrossRef] [PubMed]

13. Indave Ruiz, B.I.; Armon, S.; Watanabe, R.; Uttley, L.; White, V.A.; Lazar, A.J.; Cree, I.A. Clonality, Mutation and Kaposi Sarcoma:
A Systematic Review. Cancers 2022, 14, 1201. [CrossRef] [PubMed]

14. Naresh, K.N.; Rice, A.J.; Bower, M. Lymph Nodes Involved by Multicentric Castleman Disease among Hiv-Positive Individuals
Are Often Involved by Kaposi Sarcoma. Am. J. Surg. Pathol. 2008, 32, 1006–1012. [CrossRef] [PubMed]

15. Eaton, C.; Dorer, R.; Aboulafia, D.M. Human Herpesvirus-8 Infection Associated with Kaposi Sarcoma, Multicentric Castleman’s
Disease, and Plasmablastic Microlymphoma in a Man with Aids: A Case Report with Review of Pathophysiologic Processes.
Patholog. Res. Int. 2010, 2011, 647518. [CrossRef] [PubMed]

16. Hwang, J.P.; Kim, J.; Park, J.M. Human Immunodeficiency Virus-Negative Multicentric Castleman’s Disease Coexistent with
Kaposi’s Sarcoma on (18)F-Fdg Pet/Ct: A Case Report. Mol. Clin. Oncol. 2019, 10, 318–320. [CrossRef] [PubMed]

17. Dossier, A.; Meignin, V.; Fieschi, C.; Boutboul, D.; Oksenhendler, E.; Galicier, L. Human Herpesvirus 8-Related Castleman Disease
in the Absence of Hiv Infection. Clin. Infect. Dis. 2013, 56, 833–842. [CrossRef] [PubMed]

https://doi.org/10.1038/s41375-023-01962-5
https://doi.org/10.1182/blood.2019000931
https://www.ncbi.nlm.nih.gov/pubmed/32106302
https://doi.org/10.1182/blood.2020005470
https://www.ncbi.nlm.nih.gov/pubmed/34479367
https://doi.org/10.1182/blood.V95.4.1406.004k26_1406_1412
https://www.ncbi.nlm.nih.gov/pubmed/10666218
https://doi.org/10.1182/blood.V97.7.2130
https://www.ncbi.nlm.nih.gov/pubmed/11264181
https://doi.org/10.1182/blood.V99.7.2331
https://www.ncbi.nlm.nih.gov/pubmed/11895764
https://doi.org/10.1093/ajcp/aqw218
https://www.ncbi.nlm.nih.gov/pubmed/28395104
https://doi.org/10.3390/cancers13040878
https://www.ncbi.nlm.nih.gov/pubmed/33669719
https://doi.org/10.1182/blood-2002-11-3606
https://doi.org/10.1002/cncy.22344
https://doi.org/10.1093/cid/civ996
https://www.ncbi.nlm.nih.gov/pubmed/26658701
https://doi.org/10.1111/ajt.14346
https://www.ncbi.nlm.nih.gov/pubmed/28489271
https://doi.org/10.3390/cancers14051201
https://www.ncbi.nlm.nih.gov/pubmed/35267506
https://doi.org/10.1097/PAS.0b013e318160ed97
https://www.ncbi.nlm.nih.gov/pubmed/18469709
https://doi.org/10.4061/2011/647518
https://www.ncbi.nlm.nih.gov/pubmed/21253546
https://doi.org/10.3892/mco.2018.1789
https://www.ncbi.nlm.nih.gov/pubmed/30680214
https://doi.org/10.1093/cid/cis1009
https://www.ncbi.nlm.nih.gov/pubmed/23223599


Int. J. Mol. Sci. 2024, 25, 3775 11 of 12

18. Bollen, J.; Polstra, A.; Van Der Kuyl, A.; Weel, J.; Noorduyn, L.; Van Oers, M.; Cornelissen, M. Multicentric Castleman’s Disease
and Kaposi’s Sarcoma in a Cyclosporin Treated, Hiv-1 Negative Patient: Case Report. BMC Blood Disord. 2003, 3, 3. [CrossRef]
[PubMed]

19. Di Napoli, A.; Rogges, E.; Noccioli, N.; Gazzola, A.; Lopez, G.; Persechino, S.; Mancini, R.; Sabattini, E. Deep Sequencing
of Immunoglobulin Genes Identifies a Very Low Percentage of Monoclonal B Cells in Primary Cutaneous Marginal Zone
Lymphomas with Cd30-Positive Hodgkin/Reed-Sternberg-like Cells. Diagnostics 2022, 12, 290. [CrossRef]

20. Lay, L.; Stroup, B.; Payton, J.E. Validation and Interpretation of IGH and TCR Clonality Testing by Ion Torrent S5 Ngs for
Diagnosis and Disease Monitoring in B and T Cell Cancers. Pract. Lab. Med. 2020, 22, e00191. [CrossRef]

21. Arcila, M.E.; Yu, W.; Syed, M.; Kim, H.; Maciag, L.; Yao, J.; Ho, C.; Petrova, K.; Moung, C.; Salazar, P.; et al. Establishment of
Immunoglobulin Heavy (Igh) Chain Clonality Testing by Next-Generation Sequencing for Routine Characterization of B-Cell and
Plasma Cell Neoplasms. J. Mol. Diagn. 2019, 21, 330–342. [CrossRef] [PubMed]

22. Scheijen, B.; Meijers, R.W.J.; Rijntjes, J.; van der Klift, M.Y.; Mobs, M.; Steinhilber, J.; Reigl, T.; van den Brand, M.; Kotrova, M.;
Ritter, J.M.; et al. Next-Generation Sequencing of Immunoglobulin Gene Rearrangements for Clonality Assessment: A Technical
Feasibility Study by Euroclonality-Ngs. Leukemia 2019, 33, 2227–2240. [CrossRef] [PubMed]

23. Totonchy, J.; Osborn, J.M.; Chadburn, A.; Nabiee, R.; Argueta, L.; Mikita, G.; Cesarman, E. Kshv Induces Immunoglobulin
Rearrangements in Mature B Lymphocytes. PLoS Pathog. 2018, 14, e1006967. [CrossRef] [PubMed]

24. Derudder, E.; Cadera, E.J.; Vahl, J.C.; Wang, J.; Fox, C.J.; Zha, S.; van Loo, G.; Pasparakis, M.; Schlissel, M.S.; Schmidt-Supprian,
M.; et al. Development of Immunoglobulin Lambda-Chain-Positive B Cells, but Not Editing of Immunoglobulin Kappa-Chain,
Depends on Nf-kappab Signals. Nat. Immunol. 2009, 10, 647–654. [CrossRef] [PubMed]

25. Myoung, J.; Ganem, D. Infection of Primary Human Tonsillar Lymphoid Cells by Kshv Reveals Frequent but Abortive Infection
of T Cells. Virology 2011, 413, 1–11. [CrossRef] [PubMed]

26. Fakhari, F.D.; Jeong, J.H.; Kanan, Y.; Dittmer, D.P. The Latency-Associated Nuclear Antigen of Kaposi Sarcoma-Associated
Herpesvirus Induces B Cell Hyperplasia and Lymphoma. J. Clin. Investig. 2006, 116, 735–742. [CrossRef] [PubMed]

27. Li, C.F.; Ye, H.; Liu, H.; Du, M.Q.; Chuang, S.S. Fatal Hhv-8-Associated Hemophagocytic Syndrome in an Hiv-Negative
Immunocompetent Patient with Plasmablastic Variant of Multicentric Castleman Disease (Plasmablastic Microlymphoma). Am. J.
Surg. Pathol. 2006, 30, 123–127. [CrossRef]

28. Dargent, J.L.; Lespagnard, L.; Sirtaine, N.; Cantinieaux, B.; Li, R.; Hermans, P. Plasmablastic Microlymphoma Occurring in
Human Herpesvirus 8 (Hhv-8)-Positive Multicentric Castleman’s Disease and Featuring a Follicular Growth Pattern. APMIS
2007, 115, 869–874. [CrossRef] [PubMed]

29. Seliem, R.M.; Griffith, R.C.; Harris, N.L.; Beheshti, J.; Schiffman, F.J.; Longtine, J.; Kutok, J.; Ferry, J.A. Hhv-8+, Ebv+ Multicentric
Plasmablastic Microlymphoma in an Hiv+ Man: The Spectrum of Hhv-8+ Lymphoproliferative Disorders Expands. Am. J. Surg.
Pathol. 2007, 31, 1439–1445. [CrossRef]

30. Koenig, G.; Stevens, T.M.; Peker, D. Plasmablastic Microlymphoma Arising in Human Herpesvirus-8-Associated Multicentric
Castleman Disease in a Human Immunodeficiency Virus-Seronegative Patient with Clinical Response to Anti-Interleukin-6
Therapy. Histopathology 2015, 67, 930–932. [CrossRef]

31. Gonzalez-Farre, B.; Martinez, D.; Lopez-Guerra, M.; Xipell, M.; Monclus, E.; Rovira, J.; Garcia, F.; Lopez-Guillermo, A.; Colomo,
L.; Campo, E.; et al. Hhv8-Related Lymphoid Proliferations: A Broad Spectrum of Lesions from Reactive Lymphoid Hyperplasia
to Overt Lymphoma. Mod. Pathol. 2017, 30, 745–760. [CrossRef] [PubMed]

32. Campo, E.; Jaffe, E.S.; Cook, J.R.; Quintanilla-Martinez, L.; Swerdlow, S.H.; Anderson, K.C.; Brousset, P.; Cerroni, L.; de Leval,
L.; Dirnhofer, S.; et al. The International Consensus Classification of Mature Lymphoid Neoplasms: A Report from the Clinical
Advisory Committee. Blood 2022, 140, 1229–1253. [CrossRef] [PubMed]

33. Di Napoli, A.; Soma, L.; Quintanilla-Martinez, L.; de Leval, L.; Leoncini, L.; Zamo, A.; Ng, S.B.; Ondrejka, S.L.; Climent, F.;
Wotherspoon, A.; et al. Cavity-Based Lymphomas: Challenges and Novel Concepts. A Report of the 2022 Ea4hp/Sh Lymphoma
Workshop. Virchows Arch 2023, 483, 299–316. [CrossRef] [PubMed]

34. Boulanger, E.; Marchio, A.; Hong, S.S.; Pineau, P. Mutational Analysis of Tp53, Pten, Pik3ca and Ctnnb1/Beta-Catenin Genes in
Human Herpesvirus 8-Associated Primary Effusion Lymphoma. Haematologica 2009, 94, 1170–1174. [CrossRef] [PubMed]

35. Kastnerova, L.; Belousova, I.E.; Michal, M.; Ptakova, N.; Michal, M.; Kazakov, D.V. Kaposi Sarcoma in Association with an
Extracavitary Primary Effusion Lymphoma Showing Unusual Intravascular Involvement: Report of a Case Harboring a Fam175a
Germline Mutation. Am. J. Dermatopathol. 2020, 42, 55–60. [CrossRef] [PubMed]

36. Yang, D.; Chen, W.; Xiong, J.; Sherrod, C.J.; Henry, D.H.; Dittmer, D.P. Interleukin 1 Receptor-Associated Kinase 1 (Irak1) Mutation
Is a Common, Essential Driver for Kaposi Sarcoma Herpesvirus Lymphoma. Proc. Natl. Acad. Sci. USA 2014, 111, E4762–E4768.
[CrossRef]

37. Shinsky, S.A.; Monteith, K.E.; Viggiano, S.; Cosgrove, M.S. Biochemical Reconstitution and Phylogenetic Comparison of Human
Set1 Family Core Complexes Involved in Histone Methylation. J. Biol. Chem. 2015, 290, 6361–6375. [CrossRef] [PubMed]

38. Cho, Y.W.; Hong, T.; Hong, S.; Guo, H.; Yu, H.; Kim, D.; Guszczynski, T.; Dressler, G.R.; Copeland, T.D.; Kalkum, M.; et al. Ptip
Associates with Mll3- and Mll4-Containing Histone H3 Lysine 4 Methyltransferase Complex. J. Biol. Chem. 2007, 282, 20395–20406.
[CrossRef] [PubMed]

https://doi.org/10.1186/1471-2326-3-3
https://www.ncbi.nlm.nih.gov/pubmed/14670091
https://doi.org/10.3390/diagnostics12020290
https://doi.org/10.1016/j.plabm.2020.e00191
https://doi.org/10.1016/j.jmoldx.2018.10.008
https://www.ncbi.nlm.nih.gov/pubmed/30590126
https://doi.org/10.1038/s41375-019-0508-7
https://www.ncbi.nlm.nih.gov/pubmed/31197258
https://doi.org/10.1371/journal.ppat.1006967
https://www.ncbi.nlm.nih.gov/pubmed/29659614
https://doi.org/10.1038/ni.1732
https://www.ncbi.nlm.nih.gov/pubmed/19412180
https://doi.org/10.1016/j.virol.2010.12.036
https://www.ncbi.nlm.nih.gov/pubmed/21353276
https://doi.org/10.1172/JCI26190
https://www.ncbi.nlm.nih.gov/pubmed/16498502
https://doi.org/10.1097/01.pas.0000172293.59785.b4
https://doi.org/10.1111/j.1600-0463.2007.apm_631.x
https://www.ncbi.nlm.nih.gov/pubmed/17614857
https://doi.org/10.1097/PAS.0b013e31804d43d8
https://doi.org/10.1111/his.12718
https://doi.org/10.1038/modpathol.2016.233
https://www.ncbi.nlm.nih.gov/pubmed/28084335
https://doi.org/10.1182/blood.2022015851
https://www.ncbi.nlm.nih.gov/pubmed/35653592
https://doi.org/10.1007/s00428-023-03599-2
https://www.ncbi.nlm.nih.gov/pubmed/37555981
https://doi.org/10.3324/haematol.2009.007260
https://www.ncbi.nlm.nih.gov/pubmed/19608668
https://doi.org/10.1097/DAD.0000000000001491
https://www.ncbi.nlm.nih.gov/pubmed/31361614
https://doi.org/10.1073/pnas.1405423111
https://doi.org/10.1074/jbc.M114.627646
https://www.ncbi.nlm.nih.gov/pubmed/25561738
https://doi.org/10.1074/jbc.M701574200
https://www.ncbi.nlm.nih.gov/pubmed/17500065


Int. J. Mol. Sci. 2024, 25, 3775 12 of 12

39. Morin, R.D.; Mendez-Lago, M.; Mungall, A.J.; Goya, R.; Mungall, K.L.; Corbett, R.D.; Johnson, N.A.; Severson, T.M.; Chiu,
R.; Field, M.; et al. Frequent Mutation of Histone-Modifying Genes in Non-Hodgkin Lymphoma. Nature 2011, 476, 298–303.
[CrossRef]

40. Chapuy, B.; Stewart, C.; Dunford, A.J.; Kim, J.; Kamburov, A.; Redd, R.A.; Lawrence, M.S.; Roemer, M.G.M.; Li, A.J.; Ziepert,
M.; et al. Molecular Subtypes of Diffuse Large B Cell Lymphoma Are Associated with Distinct Pathogenic Mechanisms and
Outcomes. Nat. Med. 2018, 24, 679–690. [CrossRef]

41. You, H.; Xu-Monette, Z.Y.; Wei, L.; Nunns, H.; Nagy, M.L.; Bhagat, G.; Fang, X.; Zhu, F.; Visco, C.; Tzankov, A.; et al. Ge-
nomic Complexity Is Associated with Epigenetic Regulator Mutations and Poor Prognosis in Diffuse Large B-Cell Lymphoma.
Oncoimmunology 2021, 10, 1928365. [CrossRef]

42. Gebauer, N.; Kunstner, A.; Ketzer, J.; Witte, H.M.; Rausch, T.; Benes, V.; Zimmermann, J.; Gebauer, J.; Merz, H.; Bernard, V.; et al.
Genomic Insights into the Pathogenesis of Epstein-Barr Virus-Associated Diffuse Large B-Cell Lymphoma by Whole-Genome
and Targeted Amplicon Sequencing. Blood Cancer J. 2021, 11, 102. [CrossRef]

43. Pasqualucci, L.; Khiabanian, H.; Fangazio, M.; Vasishtha, M.; Messina, M.; Holmes, A.B.; Ouillette, P.; Trifonov, V.; Rossi, D.;
Tabbo, F.; et al. Genetics of Follicular Lymphoma Transformation. Cell Rep. 2014, 6, 130–140. [CrossRef]

44. Trinh, D.L.; Scott, D.W.; Morin, R.D.; Mendez-Lago, M.; An, J.; Jones, S.J.; Mungall, A.J.; Zhao, Y.; Schein, J.; Steidl, C.; et al.
Analysis of Foxo1 Mutations in Diffuse Large B-Cell Lymphoma. Blood 2013, 121, 3666–3674. [CrossRef]

45. Roberto, M.P.; Varano, G.; Vinas-Castells, R.; Holmes, A.B.; Kumar, R.; Pasqualucci, L.; Farinha, P.; Scott, D.W.; Dominguez-Sola,
D. Mutations in the Transcription Factor Foxo1 Mimic Positive Selection Signals to Promote Germinal Center B Cell Expansion
and Lymphomagenesis. Immunity 2021, 54, 1807–1824.e1814. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/nature10351
https://doi.org/10.1038/s41591-018-0016-8
https://doi.org/10.1080/2162402X.2021.1928365
https://doi.org/10.1038/s41408-021-00493-5
https://doi.org/10.1016/j.celrep.2013.12.027
https://doi.org/10.1182/blood-2013-01-479865
https://doi.org/10.1016/j.immuni.2021.07.009

	Introduction 
	Detailed Case Description 
	Clinical Data 
	Histological Findings 
	Clonality Analyses 
	Mutational Analyses 

	Discussion 
	Conclusions 
	References

