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differentiated synovial sarcoma case underscored the limitations of this
technique in detecting complex genomic rearrangements, such as the
rare insertion event identified through RNA NGS and WGS. The presence
of microhomology sequences at the breakpoints suggests a potential role
of homologous recombination in the formation of this unique rear-
rangement, further complicating detection by conventional means. The
integration of advanced molecular techniques, including RNA NGS and
WGS, is crucial for accurate diagnosis and comprehensive understanding
of the underlying genetic alterations in synovial sarcoma. These tech-
nologies not only provide a more detailed genomic landscape but also
help in identifying novel and complex rearrangements that may be
missed by standard assays. Future studies should focus on exploring the
prevalence of such insertion-based rearrangements in FISH-negative
cases and on refining diagnostic approaches to account for these com-
plexities. This case emphasises the importance of a multimodal diag-
nostic strategy—combining histopathological, immunohistochemical
and advanced molecular analyses—to ensure accurate diagnosis and
optimal management of disease.
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Mutation-tissue specificity in DICER1 syndrome: insights from familial
pleuropulmonary blastoma and a pan-tumour hotspot analysis

Guangxian Yang LT Haoran Ren
Huafei Chen*>, Wenwen Fan >, Sheng Xiao %>

L)

Check for
updates

%1, Jinhua Wang ', Weijian Chen *, Si Chen*?,

! Cardiothoracic Surgery, The Affiliated Children's Hospital of Xiangya School of Medicine, Central South University, Hunan Children's Hospital, Hunan, China

2 Advanced Molecular Pathology Institute of Soochow University and SANO, Suzhou, China
3 Suzhou SANO Precision Medicine Ltd, SANO Medical Laboratories, Suzhou, China

4 Department of Pathology, The Affiliated Children's Hospital of Xiangya School of Medicine, Central South University, Hunan Children's Hospital, Hunan, China
5 Hematology Ward 2, Clinical Nursing Teaching and Research Section, The Second XiangYa Hospital of Central South University, Hunan, China

To the Editor,

DICER]1 syndrome is an autosomal-dominant tumour predisposition
disorder caused by germline mutations in the DICERI gene, which
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confers an increased risk for a spectrum of neoplasms including pleu-
ropulmonary blastoma (PPB). Type I PPB, characterised by cystic lung
lesions, may be clinically or radiologically misinterpreted as congenital
pulmonary airway malformation (CPAM) due to overlapping clinical
and radiological features.

We report two sisters who presented with cystic lung lesions initially
diagnosed as CPAM, but were subsequently confirmed as having type I
PPB based on molecular testing. Family screening revealed that the
mother carried the identical DICER1 germline mutation and had thyroid
nodules, whereas another sister was an asymptomatic carrier. Both
affected siblings harboured a second-hit mutation in their lung tumours
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targeting the DICER1 residue Glul813. Given the established role of
second-hit mutations of DICERI as change-of-function events, we
investigated whether specific DICERI hotspot mutations may show
tumour-type preference. A systematic analysis of 398 second-hit muta-
tions across 14 tumour tissue categories from a public database
demonstrated a highly significant association between mutation type
and tumour tissue of origin [X2(52):232.8, p<0.0001]. This study
highlights the diagnostic challenges in distinguishing PPB from CPAM,
emphasises the importance of DICERI molecular testing in familial
settings, and suggests that mutation-specific oncogenic mechanisms
may influence histologic phenotype.

DICER1 is a crucial RNase III enzyme responsible for processing
precursor microRNAs (miRNAs) into mature miRNAs, which regulate
gene expression by targeting mRNAs for degradation or translational
repression.l’2 Germline DICER1 mutations cause DICERI syndrome, an
autosomal-dominant disorder with an increasing risk of various neo-
plasms, including PPB, ovarian Sertoli-Leydig cell tumour (SLCT), cystic
nephroma, thyroid nodules, and differentiated thyroid carcinoma.® PPB,
a rare and aggressive paediatric lung malignancy, is the most common
primary lung tumour in children.*

PPB is classified into three histological subtypes: type I (purely
cystic), type II (cystic and solid), and type III (entirely solid).® Type I
PPB, the least aggressive tumour, may be clinically or radiologically
misinterpreted as a CPAM, a benign lung lesion, due to overlapping
features.® Although histological distinction is usually possible, some
cases may pose diagnostic challenges. Unlike CPAM, type I PPB can
progress to more severe stages, emphasising the need for accurate
diagnosis. Molecular detection of DICERI mutations is the key to dif-
ferential diagnosis. Approximately 90% of PPBs are associated with
germline mutations in the DICER1 gene, which follows the ‘two-hit’
model, with a germline loss-of-function mutation (first hit) paired with a
somatic missense mutation often in the RNase IIIb domain (second hit).’

The prevalence of DICER1 syndrome is not fully established, but it is
often underdiagnosed due to variable penetrance and a broad range of
associated tumours.>°® This report details two sisters with type I PPB
and their genomic alterations, initially misdiagnosed as CPAM, high-
lighting the essential role of molecular diagnostics in accurate diagnosis
and management and the need for increased clinician awareness.

Pathology 58 (2026) 347-382

Patient 1: A 2-year-10-month-old girl presented with a persistent
cough and recurrent respiratory distress. Chest computed tomography
(CT) revealed a large, septated, air-filled lesion in the right hemithorax
compressing adjacent lung tissue and a smaller 2.5-cm cystic lesion in
the left upper lobe (Fig. 1A). A thoracoscopic resection of the right lung
bulla was performed first, followed by a wedge resection of the left
upper lobe. The wedge resection specimen, measuring 3.5x0.5x0.5 cm,
was received for histopathologic evaluation. Grossly, the specimen
appeared greyish brown, with a solid, spongy, and soft cut surface. The
initial microscopic examination revealed features consistent with
CPAM. However, an extensive review of additional tissue blocks iden-
tified a small nodule of immature cartilage within the septa, a finding
seen in approximately 40% of type I PPBs and highly characteristic of
the diagnosis (Fig. 1B-C).

Patient 2: A 10-month-old girl, the younger sister of patient 1, pre-
sented with respiratory distress and cough shortly after birth. Chest CT
at 10 months revealed a large, air-filled, septated cystic lesion in the
right hemithorax, causing significant compression and displacement of
the right lung parenchyma (Fig. 1D). The cystic lesion was resected
thoracoscopically. A cyst-like specimen measuring 7.0x4.0x0.6 cm was
submitted for histopathologic evaluation. The initial microscopic ex-
amination revealed a cystic structure, prompting consideration of a
benign malformation. However, a subsequent thorough review found an
area of rhabdomyoblasts, a hallmark of PPB (Fig. 1).

Targeted next-generation sequencing (NGS) of 638 cancer-related
genes was performed on both surgical and peripheral blood specimens
from each sibling. The analysis showed a shared germline DICERI
frameshift mutation, DICER1 ¢.5315_5316del p.F1772Cfs*6, detected in
both tumour tissues and peripheral blood samples. Additionally, both
siblings harboured distinct somatic DICER] mutations in their tumour
specimens: Patient 1 had DICER1 c.5437G>A p.E1813K [variant allele
frequency (VAF) 10.2%], and patient 2 had DICERI c.5438A>G p.
E1813G (VAF 14.8%). These somatic mutations, occurring in trans to
the germline mutation, support the two-hit model of tumour suppressor
gene inactivation.

Patient 1 also exhibited three additional somatic mutations of un-
certain significance: BARD1 ¢.1109G>A, p.R370H (VAF 5.7%), FATI
c.632A>C, p.D211A (VAF 8.2%), and GID4 c.1A>G, p.M1? (VAF

Fis

Fig. 1. Chest CT findings of patient 1 and patient 2. (A) Axial chest CT of patient 1 shows a large cystic lesion in the right hemithorax and a smaller lesion in the left
upper lobe (red arrows). (B, C) Histopathology from patient 1 (H&E stain) showed a nodule of immature cartilage within the septal wall. (D) Axial chest CT of patient
2 reveals a large, septated cystic lesion compressing the right lung. (E, F) H&E stain from patient 2 showed an area of rhabdomyoblasts, a hallmark feature of PPB. CT,
computed tomography; H&E, haematoxylin and eosin; PPB, pleuropulmonary blastoma.
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Fig. 2. Transmission of the DICER1 germline mutation in the family. (A) Family pedigree showing that the mother and all three daughters carry the DICER1 germline
mutation. The mother had thyroid nodules, two daughters had PPB, and one daughter remains disease-free at age 8. (B) PCR and Sanger sequencing results for all
family members. Arrowheads indicate the location of the DICERI c¢.5315.5316del (p.F1772Cfs*6) mutation. PCR, polymerase chain reaction; PPB, pleuro-

pulmonary blastoma.

12.9%). No additional somatic mutations were identified in patient 2.
Both tumours showed no gross chromosomal structural or numerical
abnormalities.

Family members were tested for the germline DICERI mutation using
polymerase chain reaction (PCR) amplification with gene-specific
primers (F_DICER e25: CAGTTCACTCGTGCTCCCA; R_DICER1 e25:
ATGCTTCTGCACAAGCTTACG). Both the mother and the elder sister
were found to carry the same DICERI frameshift mutation,
¢.5315 5316del, p.Phel772Cysfs*6. The mother had previously
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undergone surgical removal of thyroid nodules, while the elder sister,
now 8 years old, remains asymptomatic (Fig. 2).

Both siblings had somatic second-hit mutations in their lung tumours
affecting the same DICER]1 residue, p.E1813. Given the established role
of such mutations as change-of-function events and the tissue-specific
nature of miRNA expression, we investigated whether particular
DICER1 hotspot mutations are associated with tumour-type specificity.

In DICER1 syndrome, somatic mutations cluster at five hotspot residues
within the RNase IIIb domain: p.E1705, p.D1709, p.G1809, p.D1810, and

Counts of p.E1813 Substitutions Across Tissues
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Fig. 3. Distribution of DICER1 somatic mutations across tumour types compiled from the Catalogue Of Somatic Mutations In Cancer (COSMIC) database. (A)
Heatmap of DICERI somatic hotspot mutations across 14 tumour categories. (B) Heatmap of specific amino acid substitutions at the p.E1813 hotspot across 12
tumour categories. In both panels, each cell displays the absolute count, with the standardised residual from the chi-square analysis shown in parentheses. A positive
residual indicates enrichment (observed count > expected count), while a negative residual indicates depletion. Residuals corresponding to statistical significance
after Bonferroni correction are highlighted: red indicates significant enrichment, and blue indicates significant depletion. The significance thresholds were set at

[residual| > 3.38 for panel A and |residual| > 3.36 for panel B.
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p-E1813. To explore whether specific residue mutations are associated
with particular tumour types, we analysed 398 somatic DICERI mutations
from the Catalogue Of Somatic Mutations In Cancer (COSMIC) database
across 14 tumour categories. A chi-square test of independence (14 tissues
x 5 mutation sites) revealed a highly significant association between mu-
tation sites and tissue of origin [x2(52):232.8, p<0.0001]. To identify
specific mutation-tissue associations, we examined standardised residuals
using a Bonferroni-corrected significance threshold for multiple compari-
sons (70 comparisons; adjusted «a=0.000714; critical |residual|~:3.38).
This analysis showed that the p.G1809 mutation was significantly enriched
in pleural and lung tumours (primarily PPB) (observed=31, expect-
ed=13.4, residual=4.78) and notably absent in ovarian tumours (mostly
SLCT) (observed=0, expected=14.3, residual=—3.79). Although p.G1809
represents the most frequent RNase IIIb hotspot in pleuropulmonary tu-
mours according to COSMIC (42% of lung/pleura cases), several studies
have reported different second-hit mutations, including p.E1813K, p.
E1813G, p.D1810, and p.G1809 within the same histological context.>’

Consistent with this heterogeneity, the two sisters described here both
carried p.E1813 substitutions (p.E1813K and p.E1813G), underscoring
that multiple hotspot variants can drive type I PPB and that the exact
residue change may be secondary to the selective pressure for 5p miRNA
loss in lung tissue. Other trends including an increased prevalence of p.
E1705 (residual=2.22) and p.D1709 (residual=2.00) in ovarian tumours,
p-E1813 (residual=1.65) in thyroid tumours, and p.G1809 in soft tissue
tumours (residual=1.86) and its absence in thyroid tumours
(residual=—2.35) (Fig. 3A). However, these results did not reach statis-
tical significance under the Bonferroni correction. A larger sample size
may be needed to confirm additional mutation-tissue associations.

We next investigated whether different amino acid substitutions at
the same DICER1 hotspot location are associated with specific tumour
types. A total of 111 mutations of p.E1813 were compiled from 12
distinct tissue categories, including the following substitutions: p.
E1813K, p.E1813D, p.E1813A, p.E1813V, p.E1813Q, and p.E1813G. A
chi-square test of independence on the resulting contingency table (12
tissues x 6 substitutions) revealed a significant association between the
type of E1813 substitution and tissue of origin [x%(55)=112.7,
p<0.0001], indicating that these substitutions are not randomly
distributed across tumour types (Fig. 3B). To identify specific associa-
tions, we analysed the standardised residuals for each substitution-tissue
pair. This analysis revealed several trends that, while informative, did
not reach statistical significance after a strict Bonferroni correction. For
instance, the p.E1813G was significantly under-represented in ovarian
tumours (residual=—2.61) but enriched in pleural and lung tumours
(residual=2.53). Similarly, the p.E1813D was enriched in the upper
aerodigestive tissues (residual=2.23) but depleted in thyroid tumours
(residual=—2.18). These patterns suggest that different substitutions
may indeed have distinct tissue tropisms, though a larger cohort would
be required to validate these associations.

A differential diagnosis between type I PPB and CPAM is challenging
due to overlapping clinical, radiological, and histological features.’!°
While both present as cystic lung lesions, CPAM is a non-neoplastic
developmental anomaly, whereas type I PPB is a neoplastic prolifera-
tion with malignant potential, necessitating early intervention.® In our
case, both siblings were initially misdiagnosed, reflecting common
diagnostic pitfalls. The International Pleuropulmonary Blastoma Regis-
try (IPPBR) notes that the misdiagnosis is often due to overlooked subtle
primitive mesenchymal cells in type I PPB.° These diagnostic challenges
underscore the critical role of DICER] mutation testing and support
current recommendations for germline analysis in paediatric cystic lung
lesions, particularly those that are bilateral, septated, or recurrent or
occur in the context of a suggestive family history.>!!

DICER1 syndrome exhibits significant variability in tumour risk
and clinical presentation. In this family, in addition to the siblings
with PPB, both the mother and the elder sister also carried the
germline DICERI mutation. While the mother had thyroid nodules,
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the elder sister remained asymptomatic. This variability in penetrance
and tumour types is well documented.'”> As with other inherited
cancer syndromes, lifelong surveillance is essential for all DICERI
mutation carriers to enable early detection and management of
associated neoplasms.>!3

DICER1 plays a central role in miRNA biogenesis by processing
precursor miRNAs (pre-miRNAs), which are short hairpin-shaped
structures derived from primary transcripts. DICER1 cleaves the termi-
nal loop of these pre-miRNAs to generate 22-nucleotide miRNA du-
plexes, each composed of two strands: one from the 5’ arm (5p) and one
from the 3' arm (3p). Typically, one strand, designated the guide strand,
is preferentially incorporated into the RNA-induced silencing complex
(RISC) to mediate gene silencing, while the other strand is degraded. In
cells with wild-type DICER1, balanced production of 5p and 3p miRNAs
ensures proper regulation of both oncogenes and tumour suppressor
genes. Generally, 5p miRNAs are enriched in tumour-suppressive func-
tions, whereas 3p miRNAs have oncogenic potential. The RNase IIla
domain of DICERI cleaves the 3p arm, while the RNase IIIb domain
processes the 5p arm. In DICERI-related tumours, recurrent hotspot
mutations occur in the RNase IIIb domain, selectively impairing 5p
miRNA processing. As a result, 5p species are depleted, 3p species
accumulate disproportionately, and the skewed 3p-to-5p ratio disrupts
normal gene regulatory networks.

DICER1 syndrome differs from classic inherited cancer syndromes in
that the second-hit somatic mutations are not loss-of-function mutations
but rather change-of-function mutations.'* These mutations cluster in
the RNase IIIb domain of DICER1, which is specifically responsible for
cleaving the 5p strand of the pre-miRNA. Therefore, these mutations
selectively impair the 5p miRNAs, while 3p miRNAs remain unaf-
fected.'® Theoretically, the location and/or type of mutations within the
RNase IIIb domain could differentially impact DICER1’s enzymatic ac-
tivity, leading to altered miRNA profiles and contributing to tissue-
specific tumorigenesis. To investigate this, we analysed 398 somatic
DICER1 hotspot mutations from the COSMIC database across 14 tumour
tissue categories. A chi-square test revealed a significant association
between mutation location and tumour tissue of origin (p<0.0001).
After Bonferroni correction, the p.G1809 mutation was significantly
enriched in pleura and lung tumours (primarily PPB) and completely
absent in ovarian tumours (primarily SLCT).

Interestingly, among the five major DICER1 RNase IIIb hotspots, p.
E1705, p.D1709, p.G1809, p.D1810, and p.E1813, four involve acidic
residues essential for metal-ion coordination, which is critical for cata-
lytic activity. In contrast, G1809 is a non-polar residue that contributes
structurally rather than catalytically. This distinction suggests that the p.
G1809 mutation may affect RNase IIIb function differently, possibly
leading to unique patterns of tissue-specific miRNA disruption. Finally,
we observed a non-random distribution of amino acid substitutions at
the E1813 hotspot across tumour types. Although these patterns did not
reach statistical significance after correction for multiple comparisons,
likely due to limited sample size, they support the hypothesis that both
the position and specific amino acid change can shape tissue-specific
oncogenic processes in DICER1 syndrome.

In conclusion, this study describes a family affected by DICERI
syndrome that was initially misdiagnosed as CPAM, underscoring the
critical role of molecular diagnostics in differential diagnosis. We also
investigated DICER] mutation patterns and their potential association
with tissue-specific tumour development. While our findings suggest a
possible link, further functional studies are necessary to confirm their
biological significance.
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Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue
with prominent signet ring cell-like plasmacytic differentiation: a

L)

Check for
updates

diagnostic challenge in small endoscopic biopsy

Mi-Jin Gu "

Department of Pathology, Yeungnam University College of Medicine, Daegu, Republic of Korea

To the Editor,

Signet ring cell features can be observed in various types of neo-
plasms, including epithelial, mesenchymal, and melanocytic tumours.
However, lymphoma exhibiting signet ring cell morphology is rare and
has been described as a morphological variant in several types of non-
Hodgkin lymphomas.! To the best of my knowledge, signet ring cell
morphology in marginal-zone lymphoma has not been previously
documented.

I report the case of a 62-year-old male who underwent oesophago-
gastroduodenoscopy (EGD) during a routine health screening at a local
clinic, where atypical cells were identified. He was subsequently
referred to our institution for further evaluation. The initial biopsy
specimen, a superficial sample of the gastric mucosa, demonstrated
significant glandular loss and diffuse infiltration of signet ring cell-like
atypical cells within the lamina propria. These cells exhibited eccentri-
cally located nuclei while maintaining overall nuclear contours, and

* Contact: Mi-Jin Gu.
E-mail address: mjgu@yu.ac.kr (M-J. Gu).
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they lacked the crescent-shaped nuclear morphology typically associ-
ated with classical signet ring cells. No intracellular mucin accumulation
was observed, and lymphoid aggregation was absent.

Immunohistochemical staining revealed that the signet ring cell-like
cells were positive for leucocyte common antigen (LCA), CD20, and
CD138 but negative for cytokeratin (CK). Based on these findings,
mucosa-associated lymphoid tissue lymphoma was rendered, and a deep
biopsy was recommended to establish a definitive diagnosis.

A follow-up endoscopic biopsy targeted a flat, erythematous lesion
approximately 4 cm in diameter in the gastric midbody, yielding a more
substantial sample. Histology revealed small atypical lymphoid cells
infiltrating the deeper mucosa, whilst the superficial mucosa again
showed diffuse infiltration of signet ring cell-like cells, consistent with
the findings of the initial biopsy.

The patient reported mild weight loss over the preceding months but
denied gastrointestinal symptoms. His complete blood count was within
normal limits, and no atypical peripheral blood cells were observed.

Microscopic examination confirmed proliferation of signet ring
cell-like and small lymphoid cells in the lamina propria. Numerous
vacuolated cells infiltrated between gastric glands. Lymphoepithelial
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