
Summary. The aim of this study was to characterize the
morphology and immunophenotype of ganglion cysts
(GCs) and explore their histogenetic origin. Material and
Methods: A cross-sectional morphological and
immunohistochemical study of 354 GCs used the
following antibody panel: vimentin, specific actin, ß-
actin, smooth-muscle actin, smoothelin, h-caldesmon, ß-
catenin, desmin, calponin, podoplanin, keratins 5/6, E-
cadherin, cyclooxygenase 2 (COX-2), lysozyme, CD10,
CD31, CD33, CD34, CD68, Ki-67, and PCNA. Double-
blind semi-quantitative analyses were conducted to
evaluate the immunopositivity on a 4-point scale.
Samples from 10 synovial membranes and 10
scapholunate ligaments were compared.

GCs showed a hyalinized wall with mesenchymal
spindle cells and were intensely positive for vimentin,
actins, h-caldesmon, calponin in all cases and for
podoplanin in 53% of cases, suggesting features of early
muscle differentiation, without ruling out a
myofibroblastic origin. Focal cavity lining of non-
synovial flat or raised cells (CD34/CD31/CD10/E-
cadherin-negative and podoplanin-positive in 34% of
cases) was detected in 93% of cases, showing
differential expression with synovial membrane and
scapholunate ligament cells. Nuclear positivity for
proliferative markers was observed in GC wall cells
(258.1±255; 1019.3±316 positive cells/mm2, Ki-67 and
PCNA, respectively) but positivity for these markers was
significantly lower (p<0.001 Mann Whitney U-test) in
scapholunate ligament samples.
Conclusion: In this first immunohistochemical study of

GCs, focal cellular lining of the cavity was observed in
almost all cases, and the immunophenotype was
identical to that of GC wall cells. These cells are
immunohistochemically different from synoviocytes and
scapholunate ligament cells and show characteristics of
myofibroblasts or mesenchymal cells undergoing early
muscle differentiation. 
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Introduction

The ganglion cyst (GC) is a soft tissue lesion, which
sometimes contains mucinous fluid, in the region of
joints and tendon sheaths (Soren, 1966). Most reported
GCs are at the wrist (Nahra and Bucchieri, 2004), but
they can arise as a solitary or multilobulated cyst at any
site with the same microscopic appearance (Radatz et al.,
1997; Campeas and Rafii, 2002; Schrank et al., 2003;
Ali et al., 2006; Fogelson et al., 2007; Huang and
Gilmore, 2007; Shetty et al., 2008). 

The etiopathogenesis of GCs remains unclear,
although multiple theories have been proposed (Psaila
and Mansel, 1978). They are currently regarded as
degenerative lesions in or adjacent to the joint capsule
(Soren, 1966; Angelides and Wallace, 1976), and earlier
descriptions of them as synovial herniations or
neoplasms have generally been discarded (Ghadially and
Mehta, 1971).

The light microscopic appearance of hematoxylin
and eosin-stained sections of this common lesion is well
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known. The cyst wall is made up of multidirectional
strata of collagen fibers dispersed with elongated
fibroblasts or mesenchymal cells (Ghadially and Mehta,
1971; Angelides and Wallace, 1976; Psaila and Mansel,
1978; Loder et al., 1988). Small foci of myxomatous
degeneration, occasional histiocytic infiltration, and
thick-walled vessels with slit-like lumina are frequently
observed (Ghadially and Mehta, 1971). 

Ultrastructural studies of the GC wall (Cotta and
Becker, 1969; Ghadially and Mehta, 1971; Psaila and
Mansel, 1978) have described multifunctional
mesenchymal cells that are probably involved in the
production of ganglion fluid, but they have disagreed on
the presence/absence of lining cells and on degenerative
changes in the inner layer. GCs are not currently
considered true cysts because they lack an epithelial cell
lining (Nahra and Bucchieri, 2004). 

Although the histological study of tissue removed
during carpal GC excision is routine, some authors
consider this evaluation to be unnecessary if
preoperative and intraoperative assessments are
consistent with a diagnosis of carpal GC (McKeon et al.,
2006).

The objective of this study was to characterize the
morphology and immunophenotype of GCs and to
explore their histogenetic origin.
Materials and methods

A morphological and immunohistochemistry study
was performed in 354 GCs from 354 patients undergoing
GC surgical excision between January 1990 and January
2011, 120 males (33.90%) and 234 females (66.1%) with
a mean age of 40.1±16.1 years old [range, 2-81 yrs] at
the time of surgery. The topographic distribution was:
hand or wrist in 268 (75.7%), elbow in 4 (1.1%),
shoulder girdle in 5 (1.4%), knee in 26 (7.3%) and foot
or ankle in 51 (14.4%) cases. 

Samples were retrospectively selected from the
tissue archives of the Pathology Department. All
biopsies were taken after obtaining written informed
consent. Inclusion criteria were: diagnosis of simple GC
with no history of recurrence, and availability of
sufficient tissue of adequate quality for morphologic and
immunohistochemical analyses. The study was
conducted according to the principles of the WHO
Declaration of Helsinki (Schuklenk and Ashcroft, 2000). 

For comparative study, 10 samples of synovium,
wrist capsular joint, and scapholunate ligament were
collected from a different sample of 10 patients
undergoing wrist surgery due to trauma; their written
consent was also obtained.
Histopatological study

Sections (4-µm) of the 10% buffered formalin-fixed
and paraffin-embedded biopsies from the archives were
dewaxed, hydrated, and stained with hematoxylin-eosin.
Samples of synovium, wrist capsular joint, and

scapholunate ligament were processed in the same way.
The cross-sectional morphological study was done in

a blinded fashion (JAF and MCM) using light
microscopy, recording data on the cellularity, presence of
myxoid degeneration foci, vascularization, inflammatory
reaction, and lining of the lumen surface. Cellularity was
quantitatively determined (nº cells/mm2). 
Immunohistochemical analysis

For the immunohistochemical study, paraffin-
embedded GC samples were used to construct tissue (3
mm) arrays from selected areas including GC wall and
cyst lining. Tissue array sections were dewaxed,
hydrated, and heat-treated in 1 mM EDTA buffer for
antigenic unmasking in a PT module (Thermo Fisher
Scientific, Kalamazoo, MI, USA) at 95°C for 20 min.
The phenotype of wall and cyst lining cells was
identified by incubating sections for 10 min at room
temperature with anti-vimentin (clone SP20), Ki-67
(clone SP6), and anti-cyclooxigenase-2 (COX-2) (clone
SP21) rabbit monoclonal antibodies diluted 1:100, with
ß-catenin and lysozyme rabbit polyclonal antibodies, and
with anti-podoplanin (clone D2-40), anti-h-caldesmon
(clone H-CALD), anti-smooth-muscle actin (clone 1A4),
anti-specific actin (clone HHF35), anti-ß-actin (clone
SP124), anti-desmin (clone D33), anti-smoothelin (clone
R4A), anti-CD68 (514H12), anti-CD10 (clone 56C6),
anti-CD31 (clone JC/70A), anti-CD33 (Clone PWS44),
anti-CD34 (clone QB-END/10), anti-E-cadherin (clone
EP700Y), anti-calponin (clone CALP), anti-keratins 5/6
(clones D5/16B4), and proliferating cell nuclear antigen
(PCNA) (clone PC10), prediluted monoclonal antibodies.

Immunohistochemical staining was performed with
an automatic immunostainer (Autostainer480, Thermo
Fisher Scientific) using a micropolymer-peroxidase kit
(Ultravision Quanto), followed by development with
diaminobenzidine. All reagents and antibodies were
purchased from the same company (Master Diagnóstica,
Granada, Spain). Controls were 10 samples of
scapholunate ligaments and 10 samples of synovial
tissue. Positivity was evaluated by double-blind
semiquantitative analysis on a 4-point scale (0, absence
[<5%]; 1, mild [5-50% of cells positive]; 2, moderate
[>50 to 75%]; 3, severe [>75%]). We used a millimeter
scale in the eyepiece of a BH2 microscope (Olympus
Optical Company, Ltd., Tokyo, Japan) with a 40x
objective to count the number of positive cells per mm2
for the proliferation antigens Ki-67 and PCNA.
Statistical analysis 

SPSS for Windows version 20.0 (IBM SPSS Inc.,
Chicago, IL) was used for the statistical analyses. The
normal distribution of variables was assessed by the
Kolmogorov-Smirnov test. After descriptive analysis,
statistical significance was evaluated by means of the
Student’s t-test (parametric variables) or Mann Whitney
U-test (nonparametric variables). Kruskal-Wallis test
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was performed to compare the association with clinical
variables. Confidence intervals were 99% (p<0.001) and
95% (p<0.05). 
Resuts

Clinical data and macroscopic appearance of the lesion

The GC appeared to arise from the fibrous capsule
of the joint in 326 patients (92.10%) and from the tendon
sheath of the hand in the remaining 28 patients (7.90%).
There was agreement between pathological and clinical
diagnoses in 351 (99%) of cases. The GC was
completely resected in 329 patients (92.90%). The long
diameter of the GCs ranged from 1.5 to 6 cm. All but 32
ganglia GCs (90.96%) were multiloculated, showing 2-7
lobules on the bisected surface (Fig. 1), with a whitish
translucent myxoid content in 99 of these cases (28%). 

Light microscopy results

All GCs had a characteristic appearance under
conventional light microscopy, showing thin walls,
largely composed of collagen fibers, which formed
several strata interspersed with a moderate number
(1054.86±436 cells/mm2) of spindle cells. A
significantly smaller number of these cells was observed
in the normal scapholunate ligament (329±112 p<0.001,
Mann Whitney U-test). Foci of myxoid degeneration in
the wall were observed in 139 cases (39.26%),
significantly more frequently in GCs at the wrist
(p=0.008, Kruskal-Wallis). Synovial membrane was
detected in hematoxylin and eosin-stained sections from
41 cases (11.58%), due to partial excision of the capsule
of the joint when the GC was removed. No GC had a
similar microscopic appearance to that of the normal
synovial membrane, in which the synovial cells form a
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Fig. 1. Panoramic view of a sagittal section of a multiloculated ganglion
cyst (GC) stained with Masson´s trichrome. The insert in the upper-left
shows the gross appearance of a GC of the wrist. x 4



fairly continuous layer one- to four-cells deep. Thick-
walled vessels were observed in all cases. Occasional
histiocytic and chronic inflammatory infiltration was
seen in 64 GCs (18.07%). The cavity surface was
partially lined with a monolayer of flat or raised cells in
342 GCs (96.61%) (Fig. 2). No histological differences
were observed among GCs from any localization.
Immunohistochemical results 

The GCs were formed by a hyalinized wall with
numerous spindle mesenchymal cells that were intensely
positive for vimentin, actins (specific-actin, smooth
muscle, and ß-actin), h-caldesmon, and calponin in
100% of cases and for podoplanin in 53% of cases,
suggesting a mesenchymal origin with an early muscle
differentiation immunophenotype (Table 1, Fig. 3). All
cases were negative for desmin and smoothelin, ruling

out terminal muscle differentiation. In 40% of cases, we
detected a focal cavity lining of non-synovial flat or
raised cells that were all negative for CD34/CD31/
CD10/E-cadherin and positive for actins, h-caldesmon,
and calponin, with 34% of these linings being
podoplanin-positive. This expression pattern differed
from that of normal synovial membrane samples, which
were negative for CD10/E-Cadherin and negative for
podoplanin (except for one case); GC lining cells and
normal synovial membrane cells only shared the positive
expression of vimentin and other nonspecific enzyme
markers (lysozyme and COX-2). Numerous wall cells
showed nuclear positivity for proliferative markers
(258.1±255 and 1019.3±316 positive cells/mm2 for Ki-
67 and PCNA, respectively), whereas significantly lower
(p<0.001, Mann Whitney U-test) and scattered positivity
was observed in scapholunate ligament (6.4±15.5 and
148.38±113.2 positive cells/mm2 for Ki-67 and PCNA,
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Fig. 2. Microscopic sections from ganglion cyst (A and B), normal scapholunate ligament (C), and synovial membrane (D). Note presence of cells
partially lining (arrowhead) the ganglion cyst cavity (A and B). (A and C: hematoxylin-eosin; B and D: Masson trichrome). A, B, C, x 20; D, x10.



respectively) and synovial membrane (14.5±20.7 and
509.6±348.9 positive cells/mm2 for Ki-67 and PCNA,
respectively). 
Discussion

This study describes the clinical and morphological
characteristics of a large series of GCs and proposes
their possible histogenic origin based on the
immunohistochemical expression of their cells, which
has not previously been reported.

One of our aims was to establish the phenotype of
GC wall cells in order to elucidate their histogenesis and
possible etiopathogeny. The presence of mesenchymal
cells and fibroblasts in the wall was previously reported
(Psaila and Mansel, 1978). According to Ghadially and
Mehta (1971), except for a rare fibroblast and occasional
macrophage, the wall of the GC contains variants of a
single cell type that resembles the smooth muscle cell
rather than any other known variety of mesenchymal
cell, based on the ultrastructural features of their
intracytoplasmatic microfilaments. Our findings of
immunohistochemical positivity for actins and for h-
caldesmon and calponin, two cytoskeleton-associated
actin-binding proteins known to be smooth muscle
markers, and, in many cases, positivity for podoplanin,
indicate an apparent muscle cell differentiation
phenotype that is completely distinct from the
immunophenotypes of cells of the scapholunate ligament
and synovial membrane. However, our immunohisto-
chemical study showed that the wall spindle cells were

negative for desmin and smoothelin, ruling out terminal
muscle differentiation.

Our characterization of GC wall cells is evidently
inadequate to endorse a single etiopathogenic theory.
One widespread hypothesis is that GCs are secondary to
degenerative changes in the connective tissue. Electron
microscopy studies (Ghadially and Mehta, 1971)
revealed that large sections of the GC wall were lined
not by cells but by necrotic debris, and cells found on the
wall surface appeared degenerated rather than engaged
in secretion. However, in common with other authors
(Psaila and Mansel, 1978; Loder et al., 1988), we did not
observe a predominance of degenerative or
inflammatory cells in our GC samples. In fact, some foci
of degeneration coexisted with areas in which cell
proliferation was evidenced (PCNA- and Ki-67-
positive). This increased proliferative activity has not
previously been reported and could be interpreted as the
expression of a connective tissue repair mechanism.

Ultrastructural findings on the presence of lining
cells in GCs have been controversial. Psaila and Mansel
(1978) and Loder et al. (1988) described the inner GC
wall as exclusively composed of collagen fibers, with no
lining cells. This widespread view was proposed as early
as 1928 by Carp and Stout (1928). Conversely, other
authors have reported that GC cavities are lined in this
way (Arai, 1967; Cotta and Becker, 1969). Hsu et al.
(1995) and Soren (1966) found that fibrocytes lie along
the inner walls of the cavities and form an incomplete
lining that resembles the synovium of a joint capsule.
However, the expression pattern revealed in the present
study, with negativity for CD10 and E-cadherin and
positivity for calponin, refutes the synovial origin of
these GC cells. Arai (1967) and Cotta and Becker (1969)
concluded that the GC wall is partially lined with
fibroblasts and synovial cells that arise from the
differentiation of GC wall mesenchymal cells. In the
present series, 96.61% of the GCs showed focal lining of
their inner cavity with flat or raised cells, generally in
one or two layers, with the same immunohistochemical
expression profile as that of the GC cells. These findings
support previous suggestions that the origin of the lining
cells is the cavity wall (Arai, 1967; Cotta and Becker,
1969). 

The etiological factors involved in the production of
GCs are not clearly established. A proposal that the GC
pedicle has a tortuous trajectory connecting the joint
and/or joint capsule with the cyst cavity (Tophoj and
Henriques, 1971) was apparently confirmed in surgical
and arthrographic studies (Angelides and Wallace, 1976;
Radatz et al., 1997). A unidirectional flow of contrast
from joint to cystic lesion, with a valve mechanism
(Osterman and Raphael, 1995), was observed in 44% of
patients with dorsal wrist GC and 85% of those with
palmar wrist GC (Mc Evedy, 1954; Andren and Eken,
1971). 

GCs have often been attributed to trauma or repeated
over-stretching of the joint capsule, and it seems
plausible that mesenchymal cells may proliferate in
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Table 1. Immunophenotype of cells from ganglion cyst and different
articular structures.

Antibodies Ganglion Ganglion Scapholunate Synovial 
Wall Lining Ligament Membrane

Vimentin 100% (+++) 100% (+++) 100% (+++) 100% (+++)
MS. Actin 80% (+) 60% (+) 10% (+) 0% (-)*
SP. Actin 100% (++) 100% (++) 0% (-)* 0% (-)*
ß-Actin 100% (+++) 100% (+++) 10% (+) 100% (+++)
h-Caldesmon 75% (+++) 50% (+++) <1% (+)* 0% (-)
Calponin 71% (+++) 54% (+++) 0% (-) 10% (+)
Desmin 0% (-) 0% (-) 0% (-)* 0% (-)
Smoothelin 0% (-) 0% (-) 0% (-)* 0% (-)
ß-Catenin 0% (-) 0% (-) 0% (-) 10% (+)
Podoplanin 52% (+) 34% (++) 10% (++) 0% (-)
E-Cadherin 0% (-) 0% (-) 0% (-) 80% (++)
CD10 0% (-) 0% (-) 0% (-) 90% (++)
CD31 0% (-) 0% (-) 0% (-)* 0% (++)*
CD33 0% (-) 0% (-) 0% (-) 0% (-)
CD34 0% (-) 0% (-) 0% (-)* 0% (-)*
Keratins 5/6 0% (-) 0% (-) 0% (-) 0% (-)
COX-2 20% (+) 40% (++) 0% (-) 40% (++)
Lysozyme 60% (+++) 50% (+++) 0% (-) 50% (+++)
PCNA 80% (+++) 60% (++) 25% (++) 45% (++)
Ki-67 60% (++) 50% (++) <1%(+) <5% (++)

Values are expressed as % of cases and intensity of immunostaining (0-
3+); *Positive in wall vessels.
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Fig. 3. Immunohistochemical expression of several markers of
cellular differentiation in ganglion cyst (GC), scapholunate
ligament (SL), and synovial membrane (SM). Note the
expression of early markers of muscular differentiation (actins,
calponin, and h-caldesmon) in GC wall and the absence of
their expression in SL and SM. Nuclear cell proliferation
markers are increased in GC with respect to SL and SM. x 20



these circumstances and produce a contractile substance
(Ghadially and Mehta, 1971). In the same line, the
development of GCs has been related to adjacent joint
disease, e.g., lesions of the scapholunate ligament
(Matthews, 1973). However, arthroscopic studies
detected adjacent joint changes in only 50% of patients
with dorsal wrist GC (Yasuda et al., 2004), indicating
that this cannot be the etiology in many patients.

Finally, it has been proposed that acute or chronic
joint stress gives rise to the leakage of a gelatinous liquid
and subsequent cyst wall formation (Nahra and
Bucchieri, 2004). However, this longer-term process
would not explain rapid-onset GCs or the sudden size
increase observed in some trauma cases, which are
compatible with secretion processes.

The etiology of these lesions is likely multifactorial,
and the role of mechanical joint stress must be
acknowledged, even in the absence of substantive
inflammatory changes. This type of trauma may trigger
proliferation of mesenchymal cells in pericapsular tissue
and secretion of the mucous content of the GC.
Degenerative changes in the connective tissue and in the
layer of cells lining the cavity may be secondary to
hydrostatic pressure of the mucinous contents. 

Conclusion: We report the first immunohisto-
chemical study of GCs. Almost all samples revealed a
focal lining of the cavity with cells whose immuno-
phenotype was identical to that of GC wall cells. They
have the characteristics of myofibroblasts or
mesenchymal cells undergoing early muscle
differentiation and are therefore immunohistochemically
distinct from synoviocytes and scapholunate ligament
cells. The positivity of GC cells for Ki-67 and PCNA
suggests a reparative-proliferative lesion, likely in
response to a mechanical stimulus.
Acknowledgemets. The authors are grateful to Jorge A. Payá and M.
Dolores Rodríguez for technical assistance and to Richard Davies for
assistance with the English translation. This paper was supported in part
by Research Groups #CTS-138 (Junta de Andalucía, Spain).

References

Ali Z.A., Busaidy K.F. and Wilson J. (2006). Unusual presentation of a
ganglion cyst of the temporomandibular joint: case report and
distinction from synovial cyst. J. Oral Maxillofac. Surg. 64, 1300-
1302.

Andren L. and Eken O. (1971). Arthrographic studies of wrist ganglions.
J. Bone Joint Surg. Am. 53, 299-302.

Angelides A.C. and Wallace P.F. (1976). The dorsal ganglion of the
wrist: Its pathogenesis, gross and microscopic anatomy, and
surgical treatment. J. Hand Surg. 1, 228-235.

Arai T. (1967). Electron microscopic studies on ganglion with special
reference to its pathogenesis. J. Jap. Orthop. Ass. 41, 809-821. 

Campeas S. and Rafii M. (2002). Pelvic presentation of a hip joint

ganglion: a case report. Bull. Hosp. Jt. Dis. 61, 89-92.
Carp L., and Stout, A.P. (1928). A study of ganglion. Surg. Gynaec.

Obstet. 74, 460. 
Cotta H. and Becker W. (1969). Electron microscopic study on synovial

cysts. Arch. Orthop. UnfallChir. 65, 193-208. (German).
Fogelson M.H., Craig W.D., McPhee J.R. 4th, Lenert J.T. and Henry

L.R. (2007). Glenohumeral joint ganglion cyst and other rare cysts of
the axilla. Am. Surg. 73, 909-911. 

Ghadially F.N. and Mehta P.N. (1971). Multifunctional mesenchymal
cells resembling smooth muscle cells in ganglion of the wrist. Ann.
Rheum. Dis. 30, 31-42.

Hsu K.Y., Zucherman J.F., Shea W.J. and Jeffrey R.A.W. (1995).
Lumbar intraspinal synovial and ganglion cysts (facet cysts). Ten-
year experience in evaluation and treatment. Spine (Phila Pa 1976).
20, 80-89.

Huang J.I. and Gilmore A. (2007). Ganglion cysts of the midfoot
presenting as bilateral accessory tarsal navicular bones in a child: a
case report. Foot Ankle Int. 28, 621-623. 

Loder R.T., Robinson J.H., Jackson W.T. and Allen D.J. (1988). A
surface ultrastructure study of ganglia and digital mucous cysts. J.
Hand Surg. Am. 13, 758-762. 

Matthews P. (1973). Ganglia of the flexor tendon sheaths in the hand. J.
Bone Joint Surg. 55B, 612-617.

Mc Evedy B.V. (1954). The simple ganglion. A review of modes of
treatment and an explanation of the frequent failures of surgery.
Lancet. 266, 135-136.

McKeon K., Boyer M.I. and Goldfarb C.A. (2006). Use of routine
histologic evaluation of carpal ganglions. J. Hand Surg. Am. 31, 284-
288. 

Nahra M.E. and Bucchieri J.S. (2004). Ganglion cysts and other tumor
related conditions of the hand and wrist. Hand Clin. 20, 249-260.

Osterman A.L. and Raphael J. (1995). Arthroscopic treatment of dorsal
ganglion of the Wrist. Hand Clin. 11, 7-11.

Psaila J.V. and Mansel R.E. (1978). The surface ultrastructure of
ganglia. J. Bone Joint Surg. 70 B, 228-233.

Radatz M., Jakubowski J., Cooper J. and Powell T. (1997). Synovial
cysts of the lumbar spine: a review. Br. J. Neurosurg. 11, 520-524.

Schrank C., Meirer R., Stäbler A., Nerlich A., Reiser M. and Putz R.
(2003). Morphology and topography of intraosseous ganglion cysts
in the carpus: An anatomic, histopathologic, and magnetic
resonance imaging correlation study. J. Hand. Surg. 28 A, 52-
61.

Schuklenk U. and Ashcroft R. (2000). International research ethics.
Bioethics 14, 158-172.

Shetty G.M., Nha K.W., Patil S.P., Chae D.J., Kang K.H., Yoon J.R.,
Choo S.K., Yi J.W., Kim J.H. and Baek J.R. (2008). Ganglion cysts
of the posterior cruciate ligament. Knee 15, 325-329.

Soren A. (1966). Pathogenesis and treatment of ganglion. Clin. Orthop.
48, 173-179. 

Tophoj K. and Henriques U. (1971). Ganglion of the Wrist-a-structure
developed from the joint. A histological study with serial sections.
Acta. Orthop. Scand. 42, 244-250.

Yasuda M., Masada K. and Takeuchi E. (2004). Dorsal wrist syndrome
repair. Hand. Surg. 9, 45-48.

Accepted October 16, 2013

607
Immunophenotype of ganglion cysts


