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HMGA2 Immunoexpression is frequent in salivary gland 
pleomorphic adenoma: immunohistochemical and  
molecular analyses of PLAG1 and HMGA2 in 25 cases
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Abstract: The main oncologic events in pleomorphic adenoma (PA) are the translocations of Pleomorphic adenoma 
gene 1 (PLAG1) on chromosome 8q12 and High-mobility group AT-hook 2 (HMGA2) on chromosome 12q14.3 with 
various fusion partners. These translocations result in the transcriptional up-regulation of PLAG1 and HMGA2 pro-
teins. We carried out a preliminary evaluation of PLAG1 translocation by fluorescence in-situ hybridization (FISH), 
immunohistochemistry (IHC) and HMGA2 IHC on twenty-five archived formalin-fixed paraffin-embedded tissues of 
PAs and its clinicopathologic features. Only eight cases were successfully hybridized and 50% of the interpretable 
cases were considered positive for PLAG1 translocation. PLAG1 IHC was only positive in 2 (8%) of the 25 cases 
stained, including one of the positive PLAG1 translocation cases. HMGA2 IHC was positive in 12 (48%) of the 25 
cases stained including 2 (50%) of the 4 cases identified with PLAG1 translocation by FISH, 3 (75%) of the 4 cases 
negative for PLAG1 translocation by FISH and 7 (41%) of the 17 cases with failed hybridization. Overall, 15 (60%) 
of the 25 PA cases demonstrated PLAG1 and/or HMGA2 alterations confirmed either by FISH or IHC. In conclusion, 
PLAG1 and HMGA2 alterations were confirmed either by FISH or IHC in this cohort and HMGA2 alteration is a com-
mon event in PAs of salivary gland. 

Keywords: Pleomorphic adenoma gene 1, high-mobility group AT-hook 2, fluorescence In-Situ hybridization, immu-
nohistochemistry, salivary gland tumor 

Introduction

Pleomorphic adenoma (PA) is the most com-
mon salivary gland neoplasm, representing 
~60% of all salivary gland tumors [1]. The most 
common location for PA is the parotid gland,  
followed by the palate and the submandibular 
salivary gland. Histologically, PA is composed  
of admixed epithelial/ductal cells and myoe- 
pithelial cells in a myxoid/chondroid stroma. 
Because of cytological and architectural varia-
tions in PA, distinguishing PA from other sali-
vary gland tumors can be challenging. Thus, 
molecular and immunohistochemical ancillary 
studies are sometimes necessary to distin-

guish PAs from other salivary gland neoplasms, 
especially in situations involving a limited biop-
sy specimen. 

Several salivary gland neoplasms are known to 
have recurrent translocations (Table 1) [2-12]. 
Over half of all PAs harbor Pleomorphic ad- 
enoma gene 1 (PLAG1) translocation with vari-
ous fusion partners including CTNNB1, LIFR, 
TCEA1, FGFR1, and CHCHD7 [10, 13-16]. 
PLAG1 is a zinc finger transcription factor and 
proto-oncogene on chromosome 8q12 [17]. 
The High-mobility group AT-hook 2 (HMGA2) 
gene on chromosome 12q14.3 is the second 
most common recurrent cytogenetic alteration 
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in PA. HMGA2 translocation with various fu- 
sion partners such as FHIT, NFIB, WIF1 and 
TMTC2 have been identified in PA [18-21]. 
PLAG1/HMGA2 translocations are specific to 
PA and carcinoma ex-PA, and they have not 
been identified in any other salivary gland 
tumors [22-26]. 

Translocations of PLAG1 and HMGA2 result in 
the transcriptional up-regulation of PLAG1 and 
HMGA2 oncoproteins, and the resulting overex-
pression of the proteins can be detected by 
immunohistochemistry (IHC) [24, 27]. To our 
knowledge, no detailed molecular or immuno-
phenotypic features of PA have been describ- 
ed in the Nigerian population. Thus, the aim of 
this study is to evaluate the prevalence and 
characteristics of PLAG1/HMGA2 alterations, 
and their association with histologic and clini-
cal features of PA, using fluorescence in-situ 
hybridization (FISH) and IHC in a relatively large 
cohort of PAs in the Nigerian population. 

Material and methods

The pathology files of the Departments of Oral 
and Maxillofacial Surgery and Oral Pathology, 
and Morbid Anatomy and Forensic Medicine  
of Obafemi Awolowo University Teaching Hos- 
pitals Complex and Department of Morbid 
Anatomy and Histopathology, LAUTECH Teach- 
ing Hospital, Nigeria, were searched for the 
diagnosis of PA of the salivary gland from the 
years 2011 to 2019. The cases were reviewed 
in order to identify the most predominant stro-
mal and epithelial components, as well as the 
most predominant myoepithelial cell morphol-

ogy. The following clinical information was also 
retrieved from each case file: age at diagnosis, 
gender, anatomic site, size, and recurrence. 
FISH for PLAG1 translocation and IHC for PLAG1 
and HMGA2 were performed on all cases re- 
trieved, at the University of Pittsburgh, Pennsyl- 
vania.

Inclusion and exclusion criteria for cases

Inclusion criteria: Included cases were: (1) 
cases with histopathologic diagnosis of salivary 
gland pleomorphic adenoma; (2) cases with 
available archived tissue for molecular and 
immunophenotypic evaluation.

Exclusion criteria: Excluded cases were: (1) 
cases of salivary gland tumors without a histo-
pathologic diagnosis of pleomorphic adenoma; 
(2) cases with histopathologic diagnosis of 
pleomorphic adenoma of non-salivary gland 
origin; (3) cases with histopathologic diagnosis 
of salivary gland pleomorphic adenoma with- 
out available archival tissue for molecular and 
immunophenotypic evaluation. 

Immunohistochemistry for PLAG1 and HMGA2

IHC for PLAG1 (1:60, clone 3B7; Abnova) and 
HMGA2 (1:100, rabbit polyclonal; GeneTex, 
USA) were performed on 4-μm-thick sections  
of formalin-fixed paraffin-embedded (FFPE) tis-
sue. All immunostains were done on a Leica 
Bond III (Leica, Buffalo Grove, IL) automated 
stainer platform. Prior to immunohistochemical 
staining, heat-based antigen retrieval employ-
ing a high pH buffer (Leica, ER2) was performed 

Table 1. Salivary gland neoplasms with identifiable recurrent gene rearrangement/translocations 
[2-12]

Salivary gland tumor Gene rearrangement/
translocation

Acinic cell carcinoma NR4A3
HTN3-MSANTD3

Adenoid cystic carcinoma MYB/MYBL1-NFIB
Hyalinizing clear cell carcinoma EWSR1
Intraductal carcinoma NCOA4/TRIM27-RET
Mucoepidermoid carcinoma CRTC1/CRTC3-MAML2
Microsecretory adenocarcinoma MEF2C-SS18
Polymorphous adenocarcinoma/cribriform adenocarcinoma of minor salivary gland PRKD1
Pleomorphic adenoma PLAG1

HMGA2
Secretory carcinoma ETV6
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on all slides for 40 mins. Antibody incubation 
for 15 mins. As a secondary system, a polymer-
ic detection kit (DAB Refine) was used. The cut-
off for a positive PLAG1 IHC and HMGA2 IHC 
was nuclear immunostaining with any intensity 
noted in 5% of tumor cells.

FISH for PLAG1

Formalin-fixed, paraffin-embedded tissues we- 
re serially sectioned at 4 μm intervals. An H&E 
stained section from each specimen was pre-
pared and reviewed by a pathologist to identify 
and mark the tumor area for further analysis. 
Sections were deparaffinized in xylene twice  
for 10 minutes each, immersed twice in 100% 
ethanol, and then pretreated (1× sodium chlo-
ride, sodium citrate). Slides were digested in 
pepsin solution (0.75 mg/mL in 1N HCl) fol-
lowed by drying. FISH was then performed 
using the Dual-color breakapart FISH Probe, 
PLAG1 (8q12.1) Dual Color breakapart FISH 
Probe labeled with 5’orange and 3’green 
(Abbott Molecular Inc., Des Plaines, IL, USA). 
The slides and probes were co-denatured in  
at 75°C for 5 minutes before hybridization. 
Slides were incubated overnight at 37°C in a 
humidified chamber. Post-hybridization wash- 
es were performed in 2× SSC/0.3% IGEPAL for 
2 minutes at 72°C. Slides were air-dried in the 
dark and counterstained with 4’,6-diamidino-
2-phenylindole (DAPI). Analysis was perform- 
ed using a Leica Biosystems (CytoVision FISH 
Capture and Analysis Workstation, Buffalo 
Grove, IL, USA). Only individual and well-delin-
eated cells were counted; overlapping cells 
were excluded from the analysis. At least 60 
cells were scored from the PLAG1 slide. Normal 
cells without translocation show two Orange/
Green fusion signals in juxtaposition for either 
probe set. Cells with the translocation show 
one Orange/Green fusion and one Orange and 
one Green signal separately (representing a 
translocation of PLAG1). The cut-off for a posi-
tive PLAG1 translocation was 9.93% of translo-
cated cells in 60-102 cells evaluated.

Statistical analysis

The Statistical Package for the Social Sciences 
(SPSS), version 20 (SPSS, Inc., Chicago, III) was 
used to analyze the data. Descriptive statis- 
tics, for scores and percentages were for cate-
gorical data, and means with range were used 
for continuous variables when appropriate.

Ethical oversight 

This study was reviewed and ethically approv- 
ed by the Ethics and Research Committee of 
Obafemi Awolowo University Teaching Hospitals 
Complex, Obafemi Awolowo University, Ile-Ife, 
Nigeria (Protocol No: ERC/2019/06/06).

Results

Clinical characteristics

A total of 25 PAs were retrieved. Patient demo-
graphics are presented in Table 2. There were 
19 (76%) females and 6 (24%) males, with an 
age range of 12 to 66 years old (mean, 43 
years). The tumor sites were the parotid gland 
(17 cases), submandibular gland (6 cases), pal-
ate (1 case), and upper lip (1 case). Of the 25 
cases, 18 reported tumor dimensions, which 
ranged from 2.3 to 7 cm (mean, 5.3 cm). Tumor 
recurrence was reported in 2 cases. 

Morphologic, molecular and immunopheno-
typic characteristics

The majority (18/25, 72%) of the cases exhibit-
ed myxoid stroma as the most predominant 
stromal component, followed by chondromyx-
oid stroma in 12% of cases. The stroma of 2 
cases had tyrosine crystals, and 2 other cases 
had squamous differentiation (Cases 3, 7, 16 
and 25) (Figure 1A & 1B). All cases exhibit- 
ed ducts as the epithelial component, and a 
majority (18/25, 72%) of the cases exhibited 
plasmacytoid morphology as the most pre- 
dominant myoepithelial cells, followed by spin-
dled morphology in 12% of cases. 

Of the 25 cases, PLAG1 translocations were 
hybridizable using FISH in only 8 cases (Cases 
1-8). PLAG1 translocations were detected in 
only 5 cases, with a range of 3.2%-93.7% of 
translocated cells out of 60-102 cells exam-
ined. Based on the cut-off of 9.93%, 4 (50%)  
of the 8 interpretable cases were considered 
positive (Figure 2A and 2B; Table 2). The 
remaining 17 cases failed to hybridize after  
two attempts. PLAG1 IHC was only positive in 2 
(8%) of the 25 cases stained, with weak inten-
sity (Table 2). One of the positive PLAG1 IHC 
cases was determined to be negative for  
PLAG1 translocation by FISH (Case 7). HMGA2 
IHC was positive in 12 (48%) of the 25 cases 
stained (Figure 3A-D; Table 2), including 3 
cases with weak intensity. 
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Table 2. Clinical, molecular and immunophenotypic features of pleomorphic adenoma

Case No. Age Sex Location PLAG1 FISH (% of cells translocated in 
60-102 cells evaluated) PLAG1 IHC HMGA2 IHC

1 12 F Parotid + (60/64, 93.7%) + +
2 23 F Parotid + (56/64, 87.5%) - -
3 43 F Parotid + (55/60, 91.7%) - -
4 66 F Parotid + (43/60, 71.7%) - +
5 66 M Parotid - (2/62, 3.2%)* - +
6 48 F Parotid - (0/62, 0%) - +
7 30 M Submandibular - (0/102, 0%) + -
8 64 F Submandibular - (0/61, 0%) - +
9 33 M Parotid Hybridization failed x2 - -
10 45 F Parotid Hybridization failed x2 - -
11 66 F Parotid Hybridization failed x2 - +
12 53 F Submandibular Hybridization failed x2 - +
13 42 M Parotid Hybridization failed x2 - +
14 60 F Parotid Hybridization failed x2 - -
15 65 F Parotid Hybridization failed x2 - -
16 56 M Parotid Hybridization failed x2 - +
17 42 F Parotid Hybridization failed x2 - -
18 39 M Submandibular Hybridization failed x2 - -
19 38 F Parotid Hybridization failed x2 - +
20 40 F Parotid Hybridization failed x2 - -
21 46 F Submandibular Hybridization failed x2 - -
22 17 F Upper lip Hybridization failed x2 - -
23 42 F Parotid Hybridization failed x2 - -
24 13 F Palate Hybridization failed x2 - +
25 28 F Submandibular Hybridization failed x2 - +
* - The cutoff for positivity is translocation in 9.93% of examined cells, IHC - Immunohistochemistry, (+) - positive, (-) - negative.

Figure 1. Histopathology of pleomorphic adenoma: (A) = 56-yr old male, PLAG1 IHC negative and HMGA2 IHC posi-
tive pleomorphic adenoma of the parotid gland exhibiting tryosine crystals in the stroma (Case 16) (haematoxylin 
and eosin, original magnification ×200), (B) = 28-yr old female, PLAG1 IHC negative and HMGA2 IHC positive pleo-
morphic adenoma of the submandibular gland exhibiting squamous differentiation in the stroma (Case 25) (haema-
toxylin and eosin, original magnification ×200).

The 5 cases identified with PLAG1 alterations, 
either by FISH or IHC presented with plasmacy-

toid morphology as the most predominant myo-
epithelial cells. Nine (75%) of the 12 cases 
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Figure 2. Fluorescence in situ hybridization for PLAG1 in a 12-yr old female with pleomorphic adenoma of the 
parotid gland (Case 1) (A) and in a 66-yr old female with pleomorphic adenoma of the parotid gland (Case 4) (B), 
respectively. FISH for PLAG1 shows one pair of split signals indicative of PLAG1 rearrangement with a balanced 
translocation pattern.

Figure 3. Immunohistochemistry for HMGA2 in pleomorphic adenomas: (A) photomicrograph shows diffuse HMGA2 
expression with strong intensity (Case 6) (original magnification ×400), (B) photomicrograph shows diffuse HMGA2 
expression with strong intensity (Case 16) (original magnification ×400), (C) photomicrograph shows diffuse HMGA2 
expression with strong intensity (Case 19) (original magnification ×400), (D) photomicrograph shows diffuse HMGA2 
expression with moderate intensity (Case 24) (original magnification ×400).

identified with HMGA2 translocation by IHC 
presented with plasmacytoid morphology as 

the most predominant myoepithelial cells.  
The remaining 3 cases presented with spindle, 
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clear, and epithelioid morphology as the most 
predominant myoepithelial cells, respectively. 
Two (50%) of the 4 cases identified with PLA- 
G1 translocation by FISH expressed HMGA2, 
while 3 (75%) of the 4 cases that were found  
to be negative for PLAG1 translocation by FISH 
expressed HMGA2. Seven (41%) of the 17 ca- 
ses with failed hybridization for PLAG1 trans- 
location expressed HMGA2 (Table 3). Overall, 
15 (60%) of the 25 PA cases demonstrated 
PLAG1 and/or HMGA2 translocations either by 
FISH or IHC.

FISH, for the detection of PLAG1 translocation 
was more sensitive than PLAG1 IHC (50% VS. 
12%). The sensitivity and specificity of PLAG1 
IHC in predicting PLAG1 translocation in pleo-
morphic adenoma were 25% for each. 

Discussion

PLAG1 translocation has been identified as the 
most prevalent oncologic event in PA, affecting 
50-60% of the tumors [28] and its activation is 
a crucial event in other neoplasms such as 
AML, lipoblastoma, and hepatoblastoma [29-
31]. The second most common recurrent onco-
logic event in PA involves translocation of 
HMGA2 [11], which also plays a crucial role in 
the oncogenic activation of different types of 
benign mesenchymal tumors, such as hamar-
toma of the breast and lung, fibroadenoma of 
the breast, lipoma, uterine leiomyoma, angio-
myxoma, and endometrial polyps [32].

The translocations of PLAG1 and HMGA2 re- 
sult in the transcriptional up-regulation of 
PLAG1 and HMGA2 oncoproteins, which are 
overexpressed in the tumor and can be detect-
ed by IHC [24, 27]. In our study, we evaluated 
for PLAG1 translocation using FISH and IHC, 
and alteration in HMGA2 by IHC in a cohort of 
PAs from Nigerian patients. Our report of 50% 
prevalence of PLAG1 translocation using FISH 
in PAs is in concordance with other published 
studies [28]. We identified a higher proportion 
(48%) of PAs expressing HMGA2 compared to 
the study by Mito et al. (34%) [26], suggesting 
that alterations in HMGA2 in PA and carcinoma 

anscription-polymerase chain reaction (RT- 
PCR) [20]. These studies and ours show that 
the rate of HMGA2 alteration in PA may be high-
er than previously reported.

Our observation of HMGA2 expression in two 
PLAG1 translocated-positive PAs is similar to 
Mito et al., who found dual expression of PLAG1 
and HMGA2 immunostaining in 8 (14.5%) out of 
55 PAs [26]. A possible mechanism for this is 
that PLAG1 may constitute a common down-
stream target that drives tumorigenesis in 
HMGA2-rearranged PA [26]. 

Katabi et al. evaluated for alteration in PLAG1 
using both FISH and IHC, and reported a higher 
sensitivity of IHC in identifying PLAG1 altera-
tion in PA than the use of FISH (96% vs. 33%) 
[22]. However, our report shows the reverse: 
FISH was more sensitive than IHC (50% vs.  
8%) in identifying PLAG1 alterations in PA. 
Other studies evaluating PLAG1 IHC in PA have 
reported high (62-100%) sensitivity of the im- 
munostain in PA [22]. It is thought that the  
overexpression of PLAG1 oncoprotein may be 
poor in PA undergoing advanced progression or 
malignant transformation, resulting in negative 
PLAG1 IHC [22, 33]. 

Northern blot analysis, RT-PCR, and FISH are 
the main analytical techniques employed to 
detect PLAG1 translocation in PA [13, 14, 22, 
24]. FISH analysis can predict the potential for 
fusion transcript and it utilizes DNA probes  
specific to a particular DNA. It can be carried 
out on formalin-fixed paraffin-embedded tis- 
sue (FFPET), as obtained in this retrospective 
study, which employed FISH on archival FFPET. 
Only 8 of the 25 cases we analyzed for PLAG1 
translocation using FISH were interpretable, 
suggesting the importance of proper fixation 
and storage of FFPET for molecular analysis. 
Degradation of DNA from improper fixation and 
storage leads to failure of FISH analysis, as we 
stated in our previous study [34]. Additionally, 
FISH analyses will not detect intra-chromo- 
somal rearrangements of genes in proximity  
to fusion partners. For example, PLAG1 rear-

Table 3. Summary of PLAG1/HMGA2 IHC in relationship to PLAG1 
translocation identified by FISH in pleomorphic adenoma

PLAG1 IHC + PLAG1 IHC - HMGA2 IHC + HMGA2 IHC -
PLAG1 FISH + 1 3 2 2
PLAG1 FISH - 1 3 3 1
PLAG1 FISH failed 0 17 7 11

ex-PA are more frequent 
than previously recogniz- 
ed. Persson et al. identifi- 
ed HMGA2 alteration in 
62.5% of PAs and carcino-
mas ex-PA by utilizing array 
comparative genomic hy- 
bridization and reverse tr- 
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rangement in PA with PLAG1-FGFR1 fusion and 
HMGA2 rearrangement in PA with HMGA2-
WIF1 fusion will not be detected by FISH 
because of the close proximity of the fusion 
genes [15, 20].

The translocations of PLAG1 and HMGA2 have 
only been described in PA and carcinoma ex- 
PA, making them specific to these tumors [22-
26], unlike PLAG1 IHC, which has been ex- 
pressed in non-PA tumors such as de-novo 
myoepithelial carcinoma, basal cell adeno- 
carcinoma, epithelial-myoepithelial carcinoma, 
mucoepidermoid carcinoma and adenoid cy- 
stic carcinoma [22, 24, 35]. As such, PLAG1 
IHC expression should be used with caution 
when making a diagnosis of PA and carcino- 
ma ex-PA, whereas, HMGA2 IHC has been 
reported to be a specific immunohistochemi- 
cal marker for PA and carcinoma ex-PA [26]. 
Nonetheless, PLAG1 translocation is helpful in 
making a diagnosis of PA and carcinoma ex- 
PA of the salivary gland in challenging cases or 
in a limited biopsy. Detection of PLAG1 altera-
tion by FISH or IHC has been shown to be useful 
in discriminating carcinoma ex-PA from its de-
novo carcinoma counterpart [23, 36, 37].

Recently, Asahina et al. reported that the pre-
dominant subtype of salivary gland PAs with 
PLAG1 translocation demonstrated myoepithe-
lial cells with plasmacytoid morphology com-
pared to those without PLAG1 translocation 
[38]. Our study corroborated the same pre- 
dominance in the 5 cases with PLAG1 altera-
tion (FISH or IHC verified) and 75% of PA with 
HMGA2 expression. We can therefore suggest 
that PLAG1 and HMGA2 alterations may be 
associated with specific histologic features 
such as plasmacytoid morphology of the myo-
epithelial cells. 

The limitation of this study is that we did not 
evaluate for alteration in HMGA2 using FISH, 
which could have corroborated our IHC results. 
In conclusion, we report the first series of 
PLAG1 and HMGA2 alteration-positive PAs by 
FISH and IHC in Nigerian (African) patients.  
The mainstay of management still remains sur-
gical resection, which is associated with recur-
rence or malignant transformation in incom-
plete resections and/or tumor seeding. Pa- 
tients from this population may benefit from 
PLAG1/HMGA2 targeted anti-neoplastic thera-
py. HMGA2 alteration is a common event and 

FISH for the detection of PLAG1 translocation 
was more sensitive than PLAG1 IHC in this 
cohort of salivary gland PAs. 
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