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[ Abstract ] Minute pulmonary meningothelial-like nodules (MPMNS) are benign small lesions in the lungs, with
similar pathological characteristics to the meningeal epithelium. MPMNs have similar imaging manifestations to malignant tu-
mors, which can lead to misdiagnosis in clinical practice. There is no consensus on the pathogenesis of MPMNS, with some sug-
gest that MPMNs derive from reactive proliferation, while others suggest that MPMNs share a common origin and molecular
mechanism with meningiomas in the central nervous system. Understanding the characteristics of MPMNs and studying their
pathogenesis will help improve the understanding and diagnosis of MPMNS. In this article, we reviewed the clinical, pathologi-
cal, imaging characteristics, differential diagnosis and pathogenesis of MPMNs. We also analyze the existing research advances
regarding the pathogenesis and propose prospects for further research.
[ Key words ] Minute pulmonary meningothelial-like nodules; Meningiomas; Lung neoplasms; Multiple primary
lung cancer
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THE KT MPMNs & IR MLl — 2L T GERYHIF ST 1] o

1 MPMNSs4FAHE

1.1 K SR RAEFE. MPMNs— gl R J 8 A L,
ks Ek, ARG RS, ETFARSE
FRAS TR AGAG % 40.07%-13.8%, Fi4£0.1-11.0 mm[), R
PEITAE A BFSE, MPMNSTE L —M A b i G H %5 B AR
AN, HH BT R ARG A T

MizutaniZF 1% 1724 Gl DR FEAAF AR O
Jiti b BT R A A aek 28 S S i T 10% A /R S AR T, DR
PR, FHH10-15 DI A A T4 24 R )
1E9.4% (92/976) [l i s F 35 F112.0% (25/208) Ay L
T IR FERS AL (atypical adenomatous hyperplasia, AAH)
BAE PRI TMPMNs!, [AlHf Mizutani SO 7R T4
FINZ R EMPMNsHBELR (45/121) , ZEMMPMNF-Y
51BN 4,331, MPM NS R/ INFE LR T 22 % 1 6
FHH 510 (0.86+0.51) mm Al (1.06+0.65) mm., ZE{BIAY,
Mukhopadhyay &5 WFEREAN Il 47 17270 Mg P 52
YR, 7E13.8% (69/500) 5 H A& B TMPMNs, KZ4L
MPMNsHIRSE 12 mm, 41% (28/69) NE %K .

AR, SR H OGRS AT WA 45 L i
M, WA PR R EAL, B EER T A MKW
MPMNs, WPLHE R E o Bl i Wen 55 P\ 758941 8 3 rh
RIT SOIMPMNs %, 22% 0% (13/59) , Hrh4s
MHEAURZ 5 ( computed tomography, CT ) Al hLgE Ay
PR ER NS mm, LR TF Mizutani O AFFY HHGE 1)
ImmZ AT,

PRI, MPMNSTEFR iR i, JUHE M i a2
AT REA — & MR A TEF R B LT, Il OIBR
FEACT I MPMNs# H R AR IR ] 10% 2L L, RIFEIEIES0%
i TP EE 3 &2 R PEMPMNs . {H i T HUR 2H 21 B i
A2 AR IR RIME S 1 BT LRI 5020

KFMPMNsEH BIGRFEE, —MAh, hEfE
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AAHRLE . — B R A — B4 MPMNSTECT 4 Hh Al Il
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1.3.3 B ALEFIE MPMNsH B & A JSALU AR B )
AR, b B AN AR BT (epithelial membrane
antigen, EMA) . WIEHEH (Vimentin) | ¥ K ZI1K
(progesterone receptor, PR) . CDs6Z M, iR AR%
SR F-1 (thyriod transcription factor-1, TTE-1) . 4ifit A
H (cytokeratin, CK) . Z&fj 2 (synapsin, Syn) . FHXHIZ R
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Fig 1 CT images of MPMNs. The patient had multiple nodules with ground-
glass density in the lower lobe of the right lung. Two nodules are indicated
by arrows, and are reported as MPMNs by the pathology report. Both
of them were located in the peripheral part of the lungs, with no solid
component and the pleural depression sign. MPMNs: minute pulmonary
meningothelial-like nodules; CT: computed tomography.
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Fig 2 HE-stained pathological images and immunohistochemical images
of tissue sections of MPMNs. A, B: A nodule with a diameter of 1-2 mm
was seen in normal lung tissue. The epithelioid or short spindle-shaped
cells were found with nest-like arrangements in the nodule. These cells
were medium-sized, with rounded or oval nuclei, and had no anisotropy;
C-F: Immunohistochemical results of MPMNs, which showed that PR were
positive in the nuclei, and SSTR, EMA and Vimentin was positive in the
cytoplasm. PR: progesterone receptor; SSTR2a: somatostatin receptor 2a;

EMA: epithelial membrane antigen.
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Differential

Image characteristics

Pathological characteristics

Other characteristics

diagnosis Size and shape

Number and distribution

Gross and microscopic

characteristics

Immuno-histochemical

characteristics

MPMNs Itis a small interstitial
lesion that preserves
lung architecture, with a
diameter usually smaller
than 5 mm, growing
along the alveolar
septal?!

PPMs It presents as isolated

"coin lesions" with sizes

ranging from 0.4 to 6.0 cm.

These are large nodular
lesions that replace lung

parenchyma29l

Carcinoid Typically presents on CT
as round or oval nodules
or masses with clear
borders, showing slight
lobulation. They can vary
in size from2to 5 cm and
may occasionally exhibit

calcification(629
Atypical Similar as carcinoid

carcinoid

Pulmonary Solid mass with clear

glomus tumor borders, rare calcification
and cavity formation,
ranging in diameter
from 1.0 t0 9.7 cm.
Enhancement shows
uneven peripheral
enhancement, but lacks

central enhancement®"

Both solitary and
multiple lesions can be
found. On CT, solitary

lesions are more
commonly observed,
with a tendency to be

located in the peripheral

region®

Often solitary lesions

They are often central
in location and closely
related to bronchial
anatomy. It can present
as intraluminal nodules
within the trachea and

exhibit the "iceberg sign"

Similar as carcinoid

Often, there are no visible
abnormal lesions with
the naked eye. Under the
microscope, the cells appear to
be arranged in a nest-like and
swirling pattern, resembling
meningeal epithelial cells, with

no atypia or mitoses

Most of them lack a distinct
capsule and appear as well-
defined, round nodules with
clear boundaries from the
surrounding lung tissue.
Microscopically, they exhibit
typical meningioma-like
structures, and sometimes
accompanied by psammoma

bodies?”

Most commonly, they present
as infiltrating or intraluminal
masses within the bronchial
wall. Generally, the borders are
relatively clear or exhibit slight
lobulation. There are fewer
than 2 mitotic figures, and no

necrosis formation!223%

The gross characteristics
are similar as carcinoid.
Microscopically, there are 2-10
mitotic figures observed, or
focal necrosis may be present,
occasionally appearing as
patchy necrosis. However,
extensive diffuse necrosis

should not be present!3%

With clear boundaries, and
without a capsule. Compose of
numerous small and medium-

sized thin-walled blood vessels.
Under the microscope, tumor
cells are round and regular
with clear boundaries. The
nuclei are round and located
centrally. The stroma may
show accompanying hyaline or

mucinous degeneration

Positive for EMA,
Vimentin, PR, CD56;
Negative for TTF-1, CK,
Syn, INSM 11514212223

Similar as MPMNs Very rare?”!

Neuroendocrine They occasionally

markers (CgA, Syn, present with
CD56, etc.) are positive,
and the Ki-67 index is

less than 5%

carcinoid syndrome
(commonly
characterized by
flushing of the face,
neck, and upper
chest, as well as
diarrhea)
Similar as carcinoid.
The Ki-67 index s less
than 30%

Similar as carcinoid

Positive for SMA,
Vimentin and
desmin. Negative
for neuroendocrine

markersi"
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Tab 1 Differential diagnosis of MPMNs (Continued)

° 625

Differential

Image characteristics

Pathological characteristics

Other characteristics

diagnosis Size and shape

Number and distribution

Gross and microscopic

characteristics

Immuno-histochemical

characteristics

Paraganglioma Generally, a round or
oval-shaped mass with
relatively homogeneous

density, showing mild and

uniform enhancement on

contrast-enhanced CT5'32

Pulmonary The shape is regular,
sclerosing density is uniform,
pneumocytoma borders are smooth,
and there is often
significant and uniform
enhancement®!
Type A thymoma The tumor has a smooth
periphery and clear
boundaries
Metastatic It presents as a large
thymoma mediastinal mass, which

can appear as a soft
tissue mass with unclear

borders

Also, it can present
as multiple nodules
in both lungs, often
accompanied by local
infiltration or lymph
node metastasis in the

hilum and mediastinum

It often presentsas a
solitary nodule or a mass
in the peripheral lung

area

Most located in the

anterior mediastinum

It is mostly located
in the mediastinum,
accompanied by multiple
small nodules in both

lungste!

The lesion has clear boundaries
with a capsule. Under the
microscope, the tumor cells
form a cuff-like arrangement
around blood vessels, and rich
capillaries in connective tissue
can be seen. There are also

interstitial septai®?

Translation: The lesion is
localized, has a hard texture
and are easily detachable.
Under the microscope, there
are mainly two types of cells:
(1) Interstitial round cells (rich
cytoplasm, lightly stained,
can protrude into the alveolar
cavity forming papillary
structures); (2) Superficial
cuboidal cells (acidophilic
cytoplasm, small deeply
stained nucleus, covering the
surface of papillae and blood

vessels)B4

It often has clear boundaries,
intact capsule, and no
obvious lobular structure. Itis
composed of spindle or oval-
shaped cells with no significant
cellular atypia. It may contain
asmall number of immature
lymphocytes
The tumor lobules are
separated by proliferative
fibrous septa, forming a leaf-
like structure. The lobular
structure is not clearly visible in

lung metastases®”!

Positive for S-100, CgA,
Syn, NSEB!

EMA and TTF-1 are
positive. In addition,
CK7 and Napsin
are positive in the
superficial cuboidal
cells, while Vimentin,
PR, and ER are positive
in the interstitial round

cells

Positive for CK, CEA,
CK19, P63, CK5/653!

Positive for CK, and

negative for TTF-1

PPMs: primary pulmonary meningiomas; TTF-1: thyriod transcription factor-1; CK: cytokeratin; Syn: synapsin; INSM1: insulinoma-associated protein 1; NSE: neuron-

specific enolase; ER: estrogen receptor; CEA: carcinoembryonic antigen.
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3.2 MPMNs5 KM Z RGN B A G —Ji i,
MP M Ns ££ i B 27 1 i E 5 D % P 5% 7% 1 i iR
RS AR AL, AT R — TR ST 2K Dy i B A A L Rz A

( pleuropulmonary meningothelial proliferation, PMP ) 4%,
H—JrH, A TIEE L, Weissferdt35 P44 i MPMNs
TER UL A I8 AL 1A P 5 P AR 2 R GE IR R AR O o il
JIEE9E i W22 q P 241 4E9 9 ( neurofibromatosis type 2,
NF2) FEPIBR, AT 9012458 (fluorescence
in situ hybridization, FISH ) 377 MPMNs (2/6 ) FIPPMs

(1/3) "l ABINF2, $278 MPMNs IR 5 A AH 1B
AR A TR

4 g

MPMNsfz— i 72 A0 T AR AR 1 g B £
KB A/ Ik, RN MBEAES mm AR, FEIR R T

() EFEA R T B/ NE AR 1 mm B MPMNs!Y, X8
N T R BLUE S /NFIMPMNs, 5 H VR ARG A AR
FRAE, DA 23R4S R FMPMNSEEAR A TIR ARG, IR
P VA EE AT A M AE VIBRARAS ThifE A T 54K
MPMN 9 & o HL T R TCAE 18 . B I gElsasssl
INHTEMPMNSsy= A i R, 5 1 384 A= L i RCIe A G
SFIEEMAS S, —JriE, M4 AT R TR A
A, MPMNsAf& TRl . ke RS20 B | A JE 4518
PP A, e JLE ORI 3X Ui B MPMNs )7 A &
— BT ER, WS RN R S 5, 1S T RE i
P Al s it AR, Sl B B, SRR, LA
TXLBR R () FE O 2 4 S I MPMNs T R, 55— )5 T,
MPM Ns /&R Ji 52 i ot 1 > 5 i B8 A3 AH I 1Y) o0+
AR . MPMNs A 20T ik A58 1 4 2 45 4 i fo 2 AL AL R
ik, AL A A i PS8 R DG 8 e RN SR AR A A A AE 24, T
H, M TR 3 /0 1§k MPMNs, DPMA B 21

PErR BN,

T2 ) i DT BR AR AR 7 ] 72 10% LA I

% 2 MPMNs & il 5l RANFH 5 75 [6]
Tab 2 The existing research progress and research directions on the pathogenesis of MPMNs

SR, HEFLA IR, RATEMPMNs & DL h 45

Research direction

Progress made

Progress direction

DNA

Environmental

factors

Gene expression

Signaling pathways

Cellular level

Tissue level

MPMNSs have minimal DNA damage but may have deletions
in key genes (rarely more than one LOH has been observed,
but common NF2 gene deletions have been found)

Based on the prevalence in certain populations, it is
believed that local environmental factors such as ischemia,
hypoxia, and mechanical stretching may be involved

Immunohistochemical staining shows that MPMNs

resemble meningiomas rather than lung tissue

Based on the NF2 deletions in MPMNs, studies have
suggested that MPMNs may share similar growth signaling

pathway mechanisms with meningiomas

MPMNs are believed to not originate from lung epithelial
cells (TTF-1 negative). The primitive cells may be
multipotent mesenchymal cells in the subpleural stroma
or ectopic embryonic rest cells derived from the dispersed
arachnoid cells during embryonic development{?4

MPMNs have a similar tissue structure to meningiomas and
are believed to potentially have a growth pattern similar to

meningiomas

The mutation profile and methylation status of MPMNs
across the entire genome still require systematic
research to further identify the key mutations that occur
in MPMNs

Further research is needed to determine the specific

environmental factors and their underlying mechanisms

Currently, there is a lack of transcriptomic and
proteomic data for MPMNs, and further research is
needed to investigate the molecular mechanisms
underlying the gene expression patterns that resemble
meningiomas in MPMNs
Further comparisons are needed to explore the

similarities in signaling pathway mechanisms between

MPMNs and meningiomas

Further confirmation is needed to determine the cell
type serving as the source of MPMNs

LOH: loss of heterozygosity; NF2: neurofibromatosis type 2.

HERERERERE
www.lungca.org



e i R 2 #5202 34E 8 H 45 26 4 4 811

Chin J Lung Cancer, August 2023, Vol.26, No.8 627
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B MPMNs [T BUHL A 6 75 2 — P IR ADFSE . 56
—, MPMNSsE IR T fili o] F 4 B it AN 0528 . H RTATX
— [ R IAR E R A g Ak, Bilan, IEE
FRLH AU T TE-1 3 S A U8 AL b B A Rk o),
MPMNs 2 B TTE-1 B BIMPMNSs A fEAGE IR T 35 54
AU bR A0, BB AE L R B T TIE-10
ik, BB HRPEH & IR A R LTI b
MPMNs H Ak 45 U158 4% 2 5o WK 23 X 8 7R MPMN's /1
YR IEA R EZ R L, IAh, SRR T &%
W22 T NZIE I %) B B P, R P B0 L
456 MPMNsHYRAER A4S -, AT A B T A I MPMNs
W R AR AN, I — 25 AR X 2 5 U 20 2% A5 S MPMINs
B 55—, MPMNsy= A i 7 Hp 0 S 58 A8 S H R 2R
AR BTFEIRAM I . HET—Le R L] 2= 58 A X —[n]
THREE T W25 01, Bl Weissferdt 3524 % PR NF2 1] E
KRR AR . ANid, T AR A T A S
SEHORBEATIRE, DAE— LW MPMNs Y & AL . 1
HFRATIE T A A 1X 2L 58 748 S /E MPMNss & AE 1 72 ol
I AR A A 5 A2 0 R A B A R RS, it —
L BATHATERE RS A T ANFEE 25 1 I MPMNs L)
JDPMAIPPMs. % Z3X &5 NS L e iEAa B+ 5 4
HUSCT I R . 55 =, PPMsHIMPMNsi) 56 R b 75 %
HE— D RGE o XTI DRFIG SRR Y LA DA B — 258
AR08, HETIIESE 2 3EA A i) PPMs FIMPMNs 2 [i]
H YIS FR . PPMsIRAS Hi SR 514 1T L3l i MPMNsifE
— AT B 20 MR SR AR R, PPMsIR/D
MPMNs:AE [a] H a2 P 8K Y PPMs X J# FiIMPMNs
FEAERLLENTRIZOCR . IR A HTMPMNs Y A AL i AR i
LR ZPPMsHEA, REi#E— /R PPMsJE 1 2 K
FMPMNs.,

T fEMPMNSIAFE, TFRIH AL, A B TR
N i iR S R B M AL, A Bl ks
RN . 25—, MPMNsISZIEWIFIA TR il
P MPMNsH AN I AR, PR 55 0 i e 5 A5 2%
LIRS AR, A ISR R R R R T
ANDE)FARYIG . KRBT % B IR A, JfiE
1 A W B AR ARG A DX 430, FRATTA T LA 5 B
MPMNsHIZAREERHE, BN BT & A 758 R
H2EgE, UiE— 3R FFMPMNsH AR 2B GE T1 . 26
—., MPMNsHEZ B R A FHe s . MPMNsiRiA
S FABAR LR AR KIS G BT o B IMX T MPMNsF

TIER) T i LA SR A L T S EL A R e S e A e 5
MR G ARG, A7 B T35 Bh o 22 95 B} 12 Uil 7 1t
F1 975 BRI W7 I v 0 8 0] HEMPMINs . 25 =, DPMR 1
IR BRI PR I 25 A AIE 1 24), 45 i PPMsths T RE R B
R AR S M 0 A MR R, T B A e,
MPMNs g Ll AR AFF 5 1T A AH S0 R 96 7 S A . 1)
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