
INTRODUCTION

Most colon cancers are classified as either well dif-
ferentiated tubular adenocarcinoma (Tub1) or moder-
ately differentiated tubular adenocarcinoma (Tub2). 
According to a nationwide study by Yasutomi [1], the 
prevalence of poorly differentiated adenocarcinoma 
(Por) in Japan is 4.8%. Other reports have stated it to 
be 2.7% to 10% in this country [2-16], while it is esti-
mated to be approximately 20% in Europe and the 
United States [17,18]. There has been little discussion 
of the clinicopathological characteristics of Por, which 
is considered to have a poor prognosis. We found the 
prevalence of Por to be 8%, which was slightly higher 
than that in Yasutomi’s report. The present study 
compared the prognosis and clinicopathological char-
acteristics of Por with those of Tub1/Tub2. This com-
parison revealed abundant and significant statistical 

differences, which are discussed with reference to the 
literature.

SUBJECTS AND METHODS 

A total of 1074 patients with colon cancer under-
went surgical treatment at Kurume University Hospital 
in Fukuoka, between 1985 and 2005. All cases were 
associated with sporadic colon cancer. Informed con-
sent was obtained from all patients before surgical re-
section was performed, and this study was approved 
by the Institutional Review Committee for Research 
on Human Subjects in Kurume University Hospital. In 
our department excised samples were completely seg-
mented and the detailed characteristics of each cancer 
were depicted. Tumor differentiation, the degree of in-
vasion, venous invasion, lymph vessel invasion and 
perineural invasion were examined by pathologists 
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Summary:  Clinicopathological characteristics and grading of poorly differentiated colon adenocarcinoma 
(Por) were discussed. A total of 1074 patients with colon cancer underwent surgical treatment at Kurume 
University Hospital in Fukuoka, between 1985 and 2005. Clinicopathological characteristics of 88 cases (8%) of 
Por and 986 cases (92%) of well differentiated tubular adenocarcinoma/moderately differentiated tubular adeno-
carcinoma (Tub1/Tub2) were studied. A multiple classification analysis showed that Por was more frequently 
observed in the right colon than Tub1/Tub2, and that the ratio of macroscopic types 3 and 4 was significantly 
higher in Por. Significant differences were also observed with regard to lymph vessel and perineural invasion. 
There were no significant differences between recurrence-free survivals of Por and Tub1/Tub2 after radical 
resection in Stages II and III. Recurrence of Por was significantly higher in peritonea and lymph nodes. These 
findings indicate that Por, which is generally considered to have a poor prognosis, has a similar recurrence rate 
to that of Tub1/Tub2 after the performance of radical surgery. 
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and histopathological classifications were performed 
according to the General Rules for Clinical and 
Pathological Studies on Cancer of the Colon, Rectum, 
and Anus published by the Japanese Society for Cancer 
of the Colon and Rectum [19]. Venous invasion was 
evaluated by Elastica van Gieson (EVG) stain. 
Adenocarcinoma tissues were classified as Por or 
Tub1/Tub2 in accordance with the dominant tissue 
images. The subjects in this study were patients suffer-
ing recurrence or survival according to our department 
database. The cases were classified as either Tub1/
Tub2 or Por, and the clinicopathological characteris-
tics of each adenocarcinoma were studied. The preva-
lence of Por was 8% (88/1074 cases). The statistical 
significance of differences between Tub1/Tub2 and 
Por were examined using the chi-square test, Fisher’s 
exact test, and the t-test. Cumulative survival rate was 
calculated using the Kaplan-Meier method with com-
parisons performed using the log-rank test. A logisti-

cal analysis and the Cox proportional hazard model 
were used for a multiple classification analysis. A p 
value of <.05 was considered significant. For statisti-
cal analysis, JMP 8 version 8.0 (SAS Institute Inc., 
USA) was used. 

RESULTS 
Clinicopathological characteristics (Table 2)

The average age of subjects with Por was 63 years, 
and males tended to be more susceptible as compared 
with Tub1/Tub2; however, these differences were not 
significant. No cases of Stage 0 or I Por were found. 
Fisher’s exact test demonstrated significant differences 
(p<.001) in the following categories: stage (p<.001), 
location (p<.001), macroscopic type (p<.001), tumor 
size (p<.001), invasion depth (p<.001), lymph node 
metastasis (p < .001), lymph vessel invasion (p<.001), 
venous invasion (p<.001), and perineural invasion 
(p<.001). Logistic regression analysis extracted the 
following 4 items as independent factors for Por: loca-
tion (right colon) (p<.001, confidence interval [CI]: 
–0.764 - –0.275, odds ratio [OR]: 2.812), macroscop-
ic type (types 3 and 4) (p<.001, CI: –0.780 - –0.238, 
OR: 2.779), lymph vessel invasion (positive) (p<.001, 
CI: –1.397 - –0.390, OR: 5.376), and perineural inva-
sion (positive) (p=.032, CI: –0.570 - –0.022, OR: 
1.818). There were no significant differences in preop-
erative carcinoembryonic antigen (CEA) values. 

Recurrence-free survival rate
Figures 1 and 2 show recurrence-free survival rates 

in cases where radical surgery was performed 
(CurabilityA (CurA)) .

In Stage II, 14 Por and 280 Tub1/Tub2 cases were 
observed. Postoperative chemotherapy was given to 3 
Por cases (21%) and 107 Tub1/Tub2 cases (38%). The 
recurrence-free survival rate of Por was lower than 
that of Tub1/Tub2; however, the difference was not 
significant (log-rank p=.354).

In Stage III, 36 Por and 255 Tub1/Tub2 cases were 
observed. Postoperative chemotherapy was given to 
14 Por cases (39%) and 122 Tub1/Tub2 cases (48%). 
As in Stage II, the recurrence-free survival rate of Por 
was lower than that of Tub1/Tub2; however, the dif-
ference was not significant (log-rank p=.354).

Similarly, no significant differences in the recur-
rence-free survival rate were observed in Stage IV.

First recurrent pattern (Table 3)
Fisher’s exact test showed significant differences 

in peritonea (p=.018) and lymph nodes (p<.001) in 
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TABLE 1.
Data on all registered patients

  Variable Patients (n=1074)
Median age (range), years 66 (17-91)
Sex
    Female 439 (41%)
    Male 635 (59%)

Tumor differentiation
    Tub1,Tub2 986 (92%)
    Por 88 (8%)

Stage
    0 75 (7%)
    I 180 (17%)
    II 300 (28%)
    III 304 (28%)
    IV 210 (20%)

Location
    Vermiform processus      4 (<1%)
    Cecum 81 (8%)
    Ascending colon 179 (16%)
    Transverse colon 129 (12%)
    Descending colon 60 (5%)
    Sigmoid colon 406 (39%)
    Rectosigmoid 215 (20%)

Tub1,2: Well and moderately differentiated tubular   
adonocarcinoma, Por: Poorly differentiated adonocar-
cinoma.
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Fig. 1.  Recurrence-free survival rate for patients in stage II.
Tub1: Well differentiated type, Tub2: Moderately type, Por: Poorly differ-

entiated adenocarcinoma.

TABLE 2.
Clinicopathological features of histological types

Variable Tub1,Tub2 Por χ2 Odds 
ratio CI Multivariate analysis                       

p value 
Univariate analysis                       

p value

Mean age±SD 
65±11 63±12 – – – – 0.127

         (y)
Sex F/M 401/585 38/50 – – – – 0.652
Stage 
    III, IV/0,I,II 441/540 73/15 0.10 1.288 –0.840 - 0.840 0.756 <.001
Location
    V,C,A,T/D,S,Rs 342/644 51/37 17.27 2.812 –0.764 - –0.275 <.001 <.001
Macroscopic type 
       3,4/1,2 99/881 31/56 13.73 2.779 –0.780 - –0.238 <.001 <.001
Tumor size (cm) 
      4.5≦/4.5> 509/463 62/25 0.01 0.974 –0.274 - 0.289 0.926 <.001
Primary tumor  
    si,se,ss/mp,sm,m 707/278 85/2 2.05 3.158 –1.531 - 0.118 0.152 <.001
Lymph node metastasis
             +/– 403/555 70/17 0.54 1.766 –1.221 - 0.372 0.462 <.001
Lymph vessel invasion 
             +/– 537/444 82/5 11.11 5.376 –1.397 - –0.390 <.001 <.001
Venous invasion
            +/– 673/309 80/7 0.00 0.999 –0.531 - 0.457 0.998 <.001
Perineural invasion
            +/– 110/842 30/55 4.59 1.818 –0.570 - –0.022 0.032 <.001
CEA (ng/ml)
           5≦/5> 299/536 31/44 – – – – 0.380

Tub1,2: Well and moderately differentiated tubular adonocarcinoma, Por: Poorly differentiated adonocarcinoma.
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comparisons of first recurrence patterns. When lymph 
nodes and peritonea were subjected to logistic regres-
sion analysis, peritonea (p=.011, CI: –2.058 - –0.298, 
OR: 9.475) and lymph nodes (p=.003, CI: –2.597 - –
0.560, OR: 20.408) were extracted as independent fac-
tors. The recurrence locations overlapped. 

DISCUSSION AND CONCLUSIONS 

Patients who underwent surgery for Por were 
younger than those with Tub1/Tub2 [20,21]. 
Differences in gender vary depending on the report. In 
our case, no significant statistical differences were 
found with regard to median age or gender. The clin-

icopathological characteristics of Por reported so far 
are as follows: (1) Por frequently occurs in the right 
colon [3-16,22]. (2) Macroscopic types 3 and 4 are 
frequently observed [3,4,6,7,10]. (3) Cancer invasion 
is deep and infiltrative [3-5,7-15]. (4) Por metastasizes 
at high rates [3-5,7-9,11-16]. (5) Lymph vessel and ve-
nous invasion are severe [5,7-15]. (6) The ratio of 
peritoneal dissemination is high [4,8,9,11-13,15,16]. 
(7) Clinicopathological staging is advanced [4,7-9,11-
15]. (8) Prognosis is poor [3-5,7-16].

Tumor locations were concentrated in the right co-
lon in our multiple classification analysis. Shimizu et 
al. [22] reported animal carcinogenesis experiments in 
which Por occurred in the cecum and proximal colon, 

Fig. 2.  Recurrence-free survival rate for patients in stage III.
Tub1: Well differentiated type, Tub2: Moderately type, Por: Poorly differ-

entiated adenocarcinoma. 

TABLE 3.
Location of first recurrence site for patients who underwent curative operations

Factor Tub1,Tub2 
(n) Por (n) χ2 Odds ratio CI Multivariate analysis                       

p value 
Univariate analysis                       

p value

  Liver 57 5 0.07 1.252 –0.974-0.707 0.790 0.400 
  Lung 33 3 0.01 0.913 –0.794-0.972 0.918 0.756 
  Peritoneum 16 6 6.54 9.475 –2.058-–0.298 0.011 0.018 
  Lymph node 7 5 9.09 20.408 –2.597-–0.560 0.003 <.001
  Local 11 1 0.44 0.459 –0.608-1.906 0.505 1.000 
  Unknown 11 1 0.47 2.631 –1.825-1.168 0.495 1.000 

*Including duplications
Tub1,2: Well and moderately differentiated tubular adonocarcinoma, Por: Poorly differentiated adonocarcinoma.
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and Tub1 occurred in the distal colon. A report of he-
reditary nonpolyposis colorectal cancer showed that 
bowel cancer with microsatellite instability caused by 
DNA replication error had Por in the right colon 
[23,24]. These reports suggest a need for a study of the 
microsatellite instability in our case. Macroscopic 
types 3 and 4 were frequently observed in our multiple 
classification analysis, as in previous reports. For can-
cer invasion depth, 2 of 87 Por cases were mp, while 
85 of 87 cases were se and si. The depth was greater 
than that of Tub1/Tub2. Statistically, there were no sig-
nificant differences in the multiple classification anal-
ysis. In Por, multiple classification analysis showed sig-
nificantly higher rates of lymph vessel and perineural 
invasion. First recurrence patterns showed significant-
ly higher rates of Por in the peritonea and lymph nodes. 
Positive lymph nodes and deeper invasion implied that 
Por included more advanced cases with Stage III or 
higher disease compared with Tub1/Tub2. The recur-
rence-free 5-year survival rate of Cur A cases was dis-
cussed as to prognosis. In Stage II, the prevalence of 
Por was 83.1% and that of Tub1/Tub2 was 89.6%; the 
difference was not significant. The recurrence-free 
5-year survival rate in Stage III was 65.7% for Por and 
72.0% for Tub1/Tub2; again the difference was not 
significant. Some studies have reported that the prog-
nosis of Por was poorer than that of Tub1/Tub2, even 
after radical surgery [3-5,7-16]. To compare prognoses 
according to tissue type, a wider study is necessary. 

In the present study, no significant difference was 
observed between the prognoses of Por and Tub1/
Tub2 when radical surgery was performed. In the treat-
ment guidelines for colon cancer [25], Por is defined 
as a Stage II colon cancer with a high risk of recur-
rence. No significant differences were observed in the 
prognosis of Por when compared with the prognosis of 
Tub1/Tub2. Hence, our findings suggest that postop-
erative adjunctive chemotherapy may not be necessary 
in cases where radical surgery is provided, even in 
cases that are determined to be Por. However, the 
number of cases studied was small, and further pro-
spective studies in multiple facilities are necessary. 

A summary of this study was delivered at the 34th 
Annual Meeting of The Japanese Society of 
Coloproctology in Kyushu, Japan.
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INTRODUCTION

The neurological consequences of traumatic brain 
injury (TBI) are memory disturbance, cognitive 
impairment and chronic seizures that are related to the 
dysfunction of the hippocampal formation after head 
injury [1-3]. Fluid percussion injury (FPI) of the rat 
brain is the most extensively used and well character-
ized animal model of human TBI [4-6]. It has been 
shown that mossy neurons in the dentate gyrus (DG) 
were most vulnerable to various forms of injury, 

including epilepsy, ischemia and traumatic head 
injury [7-9]. Facilitation in the DG lowered thresh-
olds for developing self-sustained seizure activity 
1-12 weeks post-injury compared to sham-operated 
animals [9,10]. Functional studies showed that post-
traumatic hyperactivity occurred in neurons of the 
hippocampal CA1 and the DG in FPI rats [7,11,12]. 
In the rat hippocampal CA1 area, impairment of long-
term potentiation (LTP), which is thought to be a cel-
lular model of memory function [13,14], has been 
shown in both in vivo [15,16] and in vitro prepara-
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Summary:  Effects of edaravone, a free radical scavenger, on post-traumatic impairment of long-term potenti-
ation (LTP) were examined in granule cell layers of the dentate gyrus (DG) in vitro. Field EPSPs (fEPSPs) evoked 
by stimulation of the perforant path (PP) were recorded extracellularly in the DG one week after a moderate 
impact applied by a fluid percussion injury (FPI) device. High frequency stimulation (HFS) of the PP caused 
LTP of the fEPSP-slope in slices from naïve and sham-operated rats, however, the LTP was strongly depressed 
in slices from FPI rats. Intraperitoneal administration of edaravone 15 min after FPI prevented the hyperactivi-
ties of DG neurons and attenuated impairment of the LTP in FPI rat dentate granular cells. In vitro application of 
spermine NONOate (sp-NO), a nitric oxide (NO) donor, for 30 min produced a gradual increase in the fEPSP-
slope, lasting for more than 2 h. Edaravone attenuated the enhancement of the fEPSP-slope induced by sp-NO. 
After sp-NO treatment HFS could not produce an obvious LTP in the DG granule cell layer. Pretreatment of DG 
slices with edaravone prevented the sp-NO-induced impairment of LTP. These results suggest that administration 
of edaravone after FPI protects against post-traumatic impairment of LTP in granule cell layers of the DG, pos-
sibly by scavenging NO-related radicals.

Key words  traumatic brain injury, long-term potentiation, hyperactivity, dentate granule cells, edaravone, 
neuroprotection, nitric oxide, free radical scavenger
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tions [17-19]. Various molecular biological cascades 
have been reported to lead to cellular dysfunctions 
after TBI [20,21]. Nitric oxide (NO) not only medi-
ates LTP and long-term depression (LTD) [22-24] but 
also causes direct neurotoxicity in central neurons 
[25,26]. Superoxide also has characteristic features, 
acting both as a functional messenger molecule for 
neuronal processes of LTP [27,28] and as a neurotoxic 
molecule [29-31]. Reactive free radicals, including 
reactive oxygen species (ROS) and reactive nitrogen 
species (RNS), are also implicated in the pathogene-
sis of various brain injuries, such as TBI, ischemia, 
and neurodegenerative disorders [31,32]. Edaravone 
(3-methyl-1-phenyl-2-pyrazolin-5-one: MCI-186) is a 
novel free radical scavenger clinically used as a neu-
roprotective agent against acute cerebral ischemia 
[33,34]. Edaravone is also shown to inhibit post-
ischemic increases in hydroxyl radical (·OH) produc-
tion and tissue injury in the penumbral or recirculated 
area in rat cerebral ischemia models [35,36]. Melatonin 
and phenylbutylnitrone, free radical scavengers, had 
protective effects against TBI via scavenging ROS 
and RNS [37-39]. We investigated the effect of edar-
avone on neuronal activity and LTP in the granule 
cell layer of the rat DG following head trauma. 
Preliminary findings of this work have appeared ear-
lier [12]. 
 

MATERIALS AND METHODS
Surgical operation and FPI

Adult male Wistar rats were used for the entire 
study and were divided into 4 groups: one naïve group 
(n=20), one sham-operated group (n=18), one receiv-
ing lateral FPI (n=14), and one group receiving FPI 
with subsequent edaravone (n=12). This study was 
carried out in accordance with Kurume University’s 
Guide for Animal Experimentation. FPI of the rat brain 
was carried out by the methods described previously 
[4,11,40]. Rats (230-260 g, n=26) were subjected to 
FPI at a moderate severity (4.2 atm) under pentobarbi-
tal anesthesia (50-60 mg/kg, i.p.). Edaravone (8 mg/
kg) was administered trans-peritoneally 15 min after 
the FPI. The rat scalp was sagittally incised from 
bregma to lambda and a 3 mm hole was trephined in 
the skull at -3 mm (i.e. caudal) from the bregma, and 
3.5 mm left of the sagittal suture. A leure-loc syringe 
hub with a 2.6 mm inside diameter was introduced 
through the hole, taking care not to compress the brain 
surface, and was bonded to the skull with cyanoacry-
late adhesive. The hub was filled with saline before it 
was connected to the fluid percussion device. The fluid 

percussion device (HPD-1700: Dragonfly R & D, Inc., 
Ridgeley, WV, USA) consisted of a stainless steel cyl-
inder with a 2.7 cm bore and a 7.6 cm piston stroke 
that was connected to the hub via high-pressure tub-
ing. At the other end of the cylinder, a weighted pen-
dulum arm was suspended a fixed distance above the 
head of the piston, which was sealed within the cylin-
der. Brain injury with moderate impact at a pressure of 
4.2±0.1 atm was achieved by allowing the metal pen-
dulum to strike the piston to inject a small volume of 
saline into the closed cranial cavity. The resulting 
pressure pulse was measured by a pressure transducer 
connected to a digital storage oscilloscope (DS-8608A, 
Iwatsu Test Instruments Co., Tokyo, Japan). The pH, 
pCO2, PO2 and O2 saturation in arterial blood were 
measured 20-30 min after impact with an 850 pH/
Blood Gas System (Bayer Medical Co., Ltd., Tokyo, 
Japan). The weights of rats before impact and 7 days 
later were not significantly different from those of naïve 
rats. No evidence of any behavioral seizure activity 
was seen 1-2 weeks after the FPI. Sham-operated rats 
were treated in the same way including connection to 
the FPI device, but the pendulum was not released. 

Brain slice preparations 
After a survival period of 1 week, the rats were 

deeply anaesthetized with pentobarbital sodium (50-
65 mg/kg, i.p.) and killed by decapitation for slice 
experiments. Horizontal brain sections (400 μm in 
thickness) were cut from the ventral-to-mid section 
at –5.6 - –6.4 mm from bregma by a Vibroslice 
(Campden Instruments, Ltd., Loughborough, Leics., 
UK). The brain slices were left for 1 h to recover in 
oxygenated artificial cerebrospinal fluid (ACSF) at 
room temperature (22-24°C). The composition of the 
ACSF was as follows (in mM): NaCl, 117; KCl, 4.7; 
CaCl2, 2.5; MgCl2, 1.2; NaHCO3, 25; NaHPO4, 1.2 
and d-glucose, 11 (299±4 mOsm).

Extracellular recording
Brain slices were continuously perfused with oxy-

genated ACSF at 30-32°C containing picrotoxin (100 
μM), a GABAA receptor (γ-aminobutyric acid recep-
tor type A) antagonist which blocks fast inhibitory 
postsynaptic potentials during recordings. Extracellular 
recordings were made from the DG granule cell layer 
with a glass microelectrode filled with 1 M NaCl (1-2 
MΩ) (Fig. 1A). A bipolar-stimulating electrode was 
placed on the medial perforant path (mPP) in the 
molecular layers of the DG. The intensity of the test 
stimulus was chosen to yield a population spike (pSpike) 
of field EPSP (fEPSP) that was half the size necessary 
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to activate the maximum response (7-10 V for 200 μs). 
Six consecutive postsynaptic potentials (PSPs) were 
averaged. To induce LTP, high frequency stimulations 
(HFS; 100 Hz 0.1 s applied 6 trains every 10 s) were 
delivered at the necessary stimulus intensity to elicit a 
maximum response (usually 15-20 V for 200 μs). 
Evaluation of LTP was made at 30-50 min post-HFS 
and was expressed as the ratio of either the pSpike 
amplitude or the initial slope of fEPSP to the respec-
tive baseline responses obtained 20 min before the 
HFS. We used the pClamp system (Axon Instruments, 

Union city, CA, USA) operated by a computer (Dell, 
Round Rock, TX, USA) for data acquisition and later 
analysis.

Statistical analysis
Experimental data from different slices were pooled 

and presented as the mean±SEM (standard error of 
the mean). Differences between experimental and 
control values were tested using the unpaired Student’s 
t-test; p<0.05 was accepted as statistically significant. 
Comparison of groups (more than three) were assessed 
by the one-way or two-way analysis of variance 
(ANOVA), followed by post-hoc test (the Dunn’s 
method or the Holm-Sidak method) for multiple pair-
wise comparisons using SigmaPlot 11 software (Systat 
software, Inc., San Jose, CA, USA); p<0.05 was 
accepted as statistically significant.

 

RESULTS
Effects of FPI on neuronal excitability in the dentate 
granule cell layer

Extracellular field recordings in the dentate gran-
ule cell layer showed a somatic fEPSP associated with 
a pSpike following stimulation of the mPP (Fig. 1B). 
The minimal stimulus intensity needed to evoke visi-
ble fEPSPs (threshold) was obtained from the normal 
control (naïve) rats and sham-operated rats. The 
threshold for elicitation of the fEPSP was 2.0±0.1 V 
(n=16 slices) in 8 naïve rats and 2.1±0.1 V (n=18 
slices) in 9 sham-operated rats. Similarly, the stimula-
tion intensity that produced the minimum fEPSP was 
2.1±0.2 V (n=32) in 14 FPI rats. These results suggest 
that there is no statistical difference in the threshold 
for fEPSP in naïve, sham-operated and FPI rats. In 
contrast, the amplitude of the pSpike in dentate gran-
ule cell layers in FPI rats was significantly enhanced 
compared with those in naïve and sham-operated rats 
(Fig. 1B). The pSpike amplitude evoked by a stimulus 
intensity of 10 V was 1.4±0.3 mV (n=27 slices) in 
sham-operated rats and 2.8±0.4 mV (n=19 slices) in 
FPI rats (Fig. 1C). The initial slope of the fEPSP 
evoked by a stimulus intensity of 6 V was 0.40±0.05 
mV/ms (n=23) in sham-operated rats and 0.68±0.06 
mV/ms (n=15) in slices from post-FPI rats. These dif-
ferences were statistically significant (p<0.05). 
However, there was no significant difference in the 
amplitude of pSpike or the slope of the fEPSP between 
ipsilateral (left hemisphere; Lt) and contra-lateral 
(right hemisphere; Rt) dentate granule cell layers in 
either sham-operated or FPI rats. These data suggest 
that, under present experimental conditions, the effect 
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Fig. 1. Effects of FPI on the pSpike and fEPSP in 
the dentate granular cell layer. (A) Schematic dia-
gram of horizontal section of the brain slice that 
includes the hippocampal formation and perforant 
path. Stimulus electrode was placed on the inner 
molecular layer of the DG (local stimulation) to 
stimulate the mPP. (B) Extracellular recordings of 
the field potentials in granule cell layer of the DG 
superfused with an ACSF containing picrotoxin 
(100 μM). Left and right traces were obtained by 
stimulus intensities of 10 V from sham-operated 
and FPI rats, respectively. A triangle indicates the 
time of stimulation. (C) Pooled data for the pSpike 
evoked by stimulus intensities of 10 V (a) and the 
fEPSP slope evoked by stimulus intensities of 6 V 
(b) obtained from sham-operated (open columns) 
and FPI (closed columns) rats, respectively. Data 
were obtained from the ipsilateral (Lt) and contralat-
eral (Rt) hemispheres of the rat brain. Values are 
presented as mean±SEM. Vertical lines on each 
column represent SEM (*p<0.05, **p<0.01, n.s.; 
no significance). The number of slices is shown in 
parentheses.
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of the FPI on the excitatory synaptic transmission 
occurs bilaterally in the FPI rat DG. Therefore, com-
parisons between the values obtained from sham and 
FPI groups were made using pooled data from both Lt 
and Rt. The differences in both the amplitude of pSpike 
and the slope of fEPSP (Fig. 1C) were statistically sig-
nificant (p<0.01). 

Effect of FPI on LTP in the dentate granule cell layer
The time course and the magnitude of LTP in the 

dentate granule cell layer were determined in naïve, 
sham-operated and FPI rats. DG slices from each 
group were superfused with an ACSF containing picro-
toxin (100 μM) to block GABAA receptors. When the 
HFS (6 trains of 10 pulses with frequency of 100 Hz 
every 10 s) was applied to the mPP, the pSpike ampli-
tude of dentate granule cells gradually increased after 
tetanization over a period up to 8 min and then pla-
teaued. 

The enhancement of the amplitude lasted for more 
than 2 h, forming LTP in the sham-operated group 
(Fig. 2A). In these experiments, the average ampli-
tudes of 60 consecutive pSpikes (10 min) were 
obtained before and 30 min after HFS. After delivery 
of the HFS to the mPP, the pSpike increased in ampli-
tude to 270% of the control (before HFS) in sham-
operated rats. The HFS-induced LTP in the DG was 
blocked by dl-2-Amino-5-phosphonovaleric Acid 
(dl-APV; 50 μM), a selective n-methyl-d-aspartate 
(NMDA) receptor antagonist (data not shown). Since 
previous studies have suggested that FPI erases the 
synaptic mechanisms required for LTP induction 
[15,16], LTP was compared between sham-operated 
and FPI rat groups. When HFS was applied to the mPP, 
a potentiation of the pSpike amplitude was seen in FPI 
rats. The average amplitude of 60 consecutive pSpikes 
obtained 30 min after HFS was approximately 150% 
of the control (before HFS). Figure 2B shows pooled 
data for LTP of the pSpike amplitude obtained 30 min 
after HFS in 9-14 slices. The magnitude of LTP was 
compared between naïve and sham-operated rats. HFS 
increased the amplitudes of pSpike to 272±26% (n=10 
slices, Lt) and 254±16% (n=11 slices, Rt) of the con-
trol in the sham group, and 252±12% (n=9 slices, Lt) 
and 261±35% (n=10 slices, Rt) of the control in the 
naïve group (Fig. 2B). Thus, there was no significant 
difference in percent increase in the amplitude of 
pSpikes in the DG between sham-operated and naïve 
rats. These results suggest that sham-operation caused 
no significant depression of LTP in the dentate granule 
cell layer of the DG. In contrast, the amplitude of the 
pSpike was only 153±6% (n=14, Lt) and 151±13% 

(n=9, Rt) of the control in FPI rats. The percent increase 
in pSpike amplitude in FPI rats was smaller than that 
obtained from the sham-operated rat group (sham vs. 
FPI, p<0.01). Furthermore, LTP of the pSpike ampli-
tude was similar in both Lt and Rt in FPI animals. 
These results suggest that fluid percussion causes 
functional disturbance of excitatory synapses that 
mediate the induction and maintenance of LTP in the 
dentate granule cell layer. 

FPI produced a similar effect on LTP of the fEPSP 
slope in dentate granule cell layers. Figure 3A shows 
time courses of LTP determined by the fEPSP slopes 
in sham-operated and FPI rats. In this study, HFS 
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Fig. 2. Effects of FPI on the LTP in DG. (A) Time 
course of LTP of the pSpike amplitude in dentate 
granule cell layer obtained from sham-operated (open 
circles) and FPI (closed circles) rats. Upward arrow 
indicates the time for HFS of the mPP. Each symbol 
depicts the average amplitude of pSpike. Records 
(a-d) in insets were representative traces obtained at 
the time indicated by respective letters in the lower 
graph. All data were obtained from ipsilateral (Lt) 
hippocampal neurons. Vertical lines on each data 
point represent SEM. (B) Pooled data for LTP in 
ipsilateral (Lt) and contralateral (Rt) dentate gran-
ule cell layers in naïve (oblique columns), sham-
operated (open columns) and FPI (closed columns) 
rats. The amplitude of pSpike was averaged between 
30 and 40 min after the HFS. Values are presented 
as mean±SEM. Vertical lines on each column rep-
resent SEM (**p<0.01, n.s.; no significance). The 
number of slices is shown in parentheses.
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increased the slope of 60 consecutive fEPSPs to 150% 
(Lt) of control in sham-operated rats and 118% (Lt) of 
control in FPI rats (Fig. 3A). Pooled data from 10 
slices in 5 rats showed that sham-operated rats 
responded to the HFS of the mPP with a long-lasting 
potentiation of the fEPSP slope by 141±7% (Lt) and 
140±9% (Rt) of control (Fig. 3B). Percent increases 
in the fEPSP slope were 109±3% (Lt) of control and 
104±7% (Rt) of control in 8-13 slices from 6 FPI rats. 
There was no difference between Lt and Rt in the DG. 

Pooled data showed a significant difference between 
the values obtained from sham and FPI groups 
(p<0.01). These results suggest that at one week after 
FPI, the HFS could not generate LTP, as determined 
by the fEPSP slope in dentate granule cell layers.

Effect of edaravone on neuronal activity in dentate 
granule cells

The post-traumatic hyperexcitability of synaptic 
transmission was examined in FPI rats with i.p. admin-
istration of edaravone (8 mg/kg), a free radical scav-
enger, 15 min after FPI. The rectal temperature of FPI 
rats was not significantly altered (37.4±0.2°C, n=7) 
after the administrations of edaravone. As a control 
study, we examined the effect of i.p. administration of 
edaravone on the neuronal activity in sham-operated 
rats. The pSpike amplitude in sham-operated rats 
showed no obvious changes 1 week after the adminis-
tration of edaravone (8 mg/kg, i.p.) or saline (as vehi-
cle) in dentate granule cells (data not shown). Figure 
4A shows sample records of the field potentials elic-
ited by stimuli of mPP with intensities between 1 to 10 
V in sham-operated rats, FPI rats, and those with i.p. 
administration of edaravone. The fEPSP slopes (mV/
ms) were plotted against the intensity of stimuli (Vi) in 
sham-operated, FPI alone, and FPI rats treated with 
edaravone (Fig. 4B). The slope of the input-output 
relation (I-O curve) was evaluated individually by a 
linear regression program using the values obtained 
by the stimuli between 3 and 6 Vi, since the I-O curves 
showed high linearities at these range of stimuli. These 
I-O curves in ipsi- and contra-lateral dentate granular 
cell layers of sham-operated groups had slopes of 
0.08±0.01 mV/ms vs. Vi (n=23, Lt) and 0.10±0.01 
mV/ms vs. Vi (n=21, Rt), respectively. In contrast, the 
slopes of the I-O curve for the FPI alone groups were 
increased to 0.19±0.02 mV/ms vs. Vi (n=11, Lt) and 
0.17±0.02 mV/ms vs. Vi (n=9, Rt). In FPI rats after 
i.p. administration of edaravone, however, the slopes 
of the I-O curve of the fEPSP recovered to 0.10±0.01 
mV/ms vs. Vi (n=13, Lt) and 0.08±0.01 mV/ms vs. Vi 
(n=8, Rt). Comparisons of the I-O curves were made 
using the 1-10 Vi data by two-way ANOVA. The val-
ues of the I-O curve for the FPI groups were signifi-
cantly greater than those for the sham-operated group 
(p<0.01), indicating that FPI causes post-traumatic 
hyperexcitability of dentate granule cells. There was 
no statistical difference in the I-O curves between Rt 
and Lt. The I-O curves in FPI rats treated with edar-
avone were almost identical to those of sham-operated 
rats (Fig. 4B). Thus, i.p. administration of edaravone 
prevented the development of post-traumatic hyperex-
citability of DG neurons.
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Fig. 3. LTP of fEPSP-slope taken in the dentate 
granular cell layer of sham-operated and FPI rats. 
DG slices were superfused with an ACSF contain-
ing picrotoxin (100 μM). (A) fEPSPs were evoked 
by single stimulation with an intensity of 6-9 V. Open 
and closed circles were obtained from sham-operated 
(n=10) and FPI (n=13) rats, respectively. The upward 
arrow indicated the time of HFS. Insets show sam-
ple records of the fEPSP obtained before and 40 min 
after HFS in sham (left traces) and FPI (right traces) 
groups, respectively. Records (a-d) were obtained at 
the times indicated by respective letters in the graph. 
(B) Pooled data for LTP of the fEPSP slope of ipsi-
lateral (Lt) and contralateral (Rt) dentate granule 
cell layers in sham-operated and FPI rats. Each col-
umn indicates average value of normalized fEPSP 
slopes obtained between 30 and 40 min after HFS. 
Open and closed columns were obtained from sham-
operated and FPI rats, respectively. Vertical lines on 
each column represent SEM (**p<0.01, n.s.; no 
significance). The number of slices is shown in 
parentheses.
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Effects of edaravone on LTP in dentate granule cell 
layers

LTP profiles were compared in FPI rats and those 
with i.p. administration of edaravone. In these experi-
ments, brain slices were treated with picrotoxin (100 
μM) to block GABAA receptors. Figure 5A shows the 
time courses of LTP of the fEPSP slope in FPI rats and 

FPI rats with edaravone treatment. In the FPI alone 
group, the slope of fEPSPs returned to the baseline 
control level within 60 min after the HFS. However, 
the slope of fEPSP was still enhanced at 60 min after 
the HFS in FPI rats after i.p. administration of edar-
avone. Figure 5B shows pooled data for the effect of 
edaravone on the LTP determined by fEPSP slope, 
obtained 30-50 min after the HFS, in ipsi- and contra-
lateral dentate granule cell layers. The magnitude of 
LTP was 140±7% (n=10, Lt) of control in sham-oper-
ated, 108±3% (n=13, Lt) of control in FPI only, and 
141±6% (n=11, Lt) of control in FPI followed by 
edaravone treatment. The fEPSP slopes in contra-lat-
eral dentate granular neurons were 139±9% (n=10, 
Rt) in sham-operated rats, 103±6% (n=8, Rt) in FPI 
rats and 142±8% (n=8, Rt) in FPI rats with edaravone 
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tively. Vertical lines on each column represent SEM 
(**p<0.01, n.s.; no significance). 
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(Fig. 5B). Pooled data showed a significant difference 
between the values obtained from the FPI-alone group 
and the FPI-treated with edaravone group. The edar-
avone treated group showed an LTP profile that was 
almost identical to that of the sham-operated group. 
These results suggest that i.p. administration of edar-
avone 15 min after FPI improves the post-traumatic 
impairment of LTP in the granule cell layer of the 
DG.

Effects of bath-application of spermine NONOate (sp-
NO) and edaravone on the fEPSPs in the dentate 
granular cell layers

It has been shown that NO not only promotes or 
mediates LTP and/or LTD [22] but also causes direct 
neurotoxicity in central neurons [25,26]. It is impor-
tant to know whether NO is related to the post-trau-
matic neuronal hyperexcitability and impairment of 
LTP in DG neurons. In addition, it has been reported 
that edaravone scavenges NO [41]. We examined the 
acute effects of NO donor and free radical scavenger 
on the fEPSP slope in dentate granule cells of naïve 
rats. Figure 6A shows the effect of bath-application of 
sp-NO, a NO donor, on the fEPSP slope in the dentate 
granular cell layer of naïve rats. Bath-application of 
sp-NO (100 μM) for 30 min increased the initial slope 
of the fEPSP in the absence of edaravone (100 μM) 
(Fig. 6A, open circles). In these experiments, the I-O 
curves of fEPSP were examined. Figure 6B shows the 
data obtained before and 50 min after application of 
sp-NO. After treatment of sp-NO, the normalized slope 
of fEPSP at 10 V stimulus increased to 1.51±0.20 
(n=8). The I-O curve obtained after sp-NO treatment 
was significantly different from the control (p<0.05). 
The enhancement of the fEPSP slope developed within 
60 min and was maintained for more than 120 min 
even after removal of sp-NO from the external solu-
tion. Pooled data showed that sp-NO (100 μM) 
enhanced the fEPSP slope to 135±9% (n=9 slices) of 
control (Fig. 6C, open column). These results suggest 
that sp-NO produces a long-lasting enhancement of 
the fEPSP slope in the dentate granule cell layer. The 
effect of sp-NO (100 μM) on the fEPSP slope was also 
examined in the presence of edaravone (100 μM) in 
the dentate granule cell layer (Fig. 6A). Brain slices 
were first superfused with an external solution con-
taining edaravone (100 μM) for 20 min, and then 
sp-NO (100 μM) was added to the edaravone (100 
μM)-containing ACSF for 30 min. Bath-application of 
edaravone itself produced no obvious change in the 
slope of fEPSP. Application of sp-NO (100 μM) for 30 
min did not consistently produce enhancement of the 

fEPSP slope in the presence of edaravone (100 μM) 
(Fig. 6A, closed circles). Pooled data showed that the 
fEPSP slope was 102±3% (n=5) of control in DG 
slices treated with both edaravone (100 μM) and 
sp-NO (100 μM) (Fig. 6C, closed column). This value 
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induced by bath-application of sp-NO (100 μM). 
Circles indicate the average value of normalized 
slope of fEPSPs. Open and closed circles were 
obtained in the absence or in the presence of edar-
avone (100 μM), respectively. Open horizontal bar 
indicates the period of the application of sp-NO 
(100 μM) to the ACSF. The slope of fEPSP obtained 
before application of sp-NO was indicated as 1. 
Sp-NO (100 μM) was added to an ACSF containing 
edaravone (100 μM). Records (a-d) in insets were 
representative traces obtained at the time indicated 
by respective letters in lower graph. (B) Pooled data 
for the input-output relations of the normalized slope 
of fEPSP before (closed circles) and after treatment 
of sp-NO (open circles). The slope of fEPSP at 10 
V stimulus was indicated as 1. Vertical lines on each 
symbol represent SEM (*p<0.05, two-way ANOVA) 
(C) Pooled data for the effect of sp-NO (100 μM) 
on the slope of fEPSP. Open and closed columns 
were taken in the absence and the presence of edar-
avone (100 μM), respectively. The slope of fEPSP 
obtained before application of drugs was indicated 
as 1. Vertical lines on each column represent SEM 
(*p<0.05). The number of slices is shown in paren-
theses.
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was significantly different from that obtained in the 
absence of edaravone (Fig. 6C, p<0.05). These results 
suggest that edaravone attenuates the NO-induced 
enhancement of fEPSP slope in the dentate granular 
cell layer.

Effects of in vitro administration of edaravone and 
sp-NO on LTP in dentate granule cell layers

Brain slices were superfused with an ACSF con-
taining picrotoxin (100 μM) to block fast IPSPs. 
Application of HFS to the mPP produced a long-last-
ing enhancement of the fEPSP slope for more than 2 h, 
producing typical LTP in naïve rats (data not shown). 
Pooled data showed that the magnitude of LTP in the 
fEPSP slope was 141±6% (n=11 slices) of control in 
6 naïve rats (Fig. 7B). Figure 7A shows the effects of 
pre-treatment of sp-NO (100 μM) alone (open circles) 
and sp-NO (100 μM) with edaravone (100 μM) (closed 
circles) for 30 min on LTP in dentate granular cell lay-
ers. After treatment with sp-NO (100 μM) alone, the 
HFS produced a transient decrease in the fEPSP slope 
(70% of control, n=9) that recovered within 10 min 
and then repotentiated (122% of control, n=9). 
However, the slope of fEPSP returned to the baseline 
level (before HFS level) within 60 min. Pooled data 
showed that the slope of the fEPSP obtained 40-50 
min after HFS was 106±3% (n=9) of the control in the 
presence of sp-NO (100 μM) (Fig. 7B, oblique col-
umn). These results suggest that NO production by 
sp-NO (100 μM) suppresses induction of LTP in den-
tate granule cell layers. The effect of sp-NO (100 μM) 
on LTP was also examined in the presence of edar-
avone (100 μM) in dentate granule cell layers. 
Application of edaravone (100 μM) to the external 
solution for 30 min produced no effect on the fEPSP 
slope in granule cell layers. Sp-NO (100 μM) was then 
added to edaravone-containing external solution. In 
the presence of both edaravone (100 μM) and sp-NO 
(100 μM), HFS of the perforant path enhanced the 
fEPSP slope to 150% of the control 40-50 min after 
HFS, producing LTP (Fig. 7A closed circles). Figure 
7B (closed column) shows pooled data for the effect 
of in vitro application of both edaravone (100 μM) and 
sp-NO (100 μM) on LTP of fEPSP slope. Under these 
experimental conditions, the magnitude of LTP of 
fEPSP slope was 154±12% (n=5 slices), which was 
significantly different from the value after sp-NO 
treatment alone. The effect of bath-application of edar-
avone alone on the HFS-induced LTP was investi-
gated. The magnitudes of the LTP in the presence of 
edaravone (100 μM or 500 μM) were 133±10% (n=7) 
for 100 μM and 112±5 % (n=4) for 500 μM, respec-

tively (data not shown). The value for edaravone (500 
μM) was significantly different from the control value. 
These results suggest that edaravone attenuates the sp-
NO-induced depression of LTP, probably by blocking 
NO-dependent processes of induction and maintenance 
of LTP in the granule cell layer of the DG. These 
results indicate that i.p. administration of edaravone at 
an early period after FPI may be effective in prevent-
ing post-traumatic impairment of LTP.

 

DISCUSSION

The present study showed that 1) FPI enhanced 

Fig. 7. Effect of in vitro administration of sp-NO 
on the LTP of fEPSP in granular neurons of DG. 
(A) Time course of the fEPSP slope obtained before 
and after application of the HFS to the perforant 
path. Experiments were done using DG slices of 
naïve rats. Open and closed circles indicate the data 
obtained in the presence of sp-NO (100 μM) alone 
and in the presence of both edaravone (100 μM) 
and sp-NO (100 μM), respectively. The time of the 
HFS is indicated by an upward arrow. The mean 
slope of fEPSP obtained before application of HFS 
was indicated as 1. Values are presented as mean± 
SEM. (B) Pooled data for the magnitudes of LTP 
obtained from control slices, sp-NO (100 μM) alone 
treated slices, and both edaravone (100 μM) and 
sp-NO (100 μM) treated slices, respectively. Vertical 
lines on column represent SEM (*p<0.05). The 
number of slices is shown in parentheses.
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the fEPSP slope and the pSpike amplitude, 2) FPI sup-
pressed the induction and maintenance of LTP in the 
fEPSP and the pSpike, and 3) i.p. administration of 
edaravone in the early post-traumatic period (15 min 
after the FPI) prevented the hyperactivity of neurons 
and the impairment of LTP in bilateral dentate granule 
cell layers. The enhancement of the fEPSP slope and 
the pSpike amplitude following FPI was associated 
with no obvious change in the threshold for their gen-
eration in the granule cell layer of the DG. The slope 
of the I-O curve was increased in FPI rats as compared 
with sham-operated rats. These results suggest that the 
efficacy of excitatory synaptic transmission is enhanced 
in the dentate granule cell layer after FPI. FPI has been 
shown to enhance the excitatory synaptic function in 
hippocampal CA1 neurons of FPI rats [11,40]. As 
regards the mechanism of post-traumatic hyperexcit-
ability, several hypotheses have appeared in regard to 
the DG. Santhakumar et al. [42] have reported an ‘irri-
table mossy cells hypothesis’ in DG neurons. Increased 
discharge of granule cells driven by a hyperexcitable 
feedback pathway from mossy hilar cells results in the 
development of post-traumatic seizures and memory 
deficits. Surviving mossy hilar cells mainly contribute 
to the hyperexcitability of dentate granule cells after 
the FPI. Sloviter [43,44] proposed a ‘dormant basket 
cell hypothesis (DBCH)’ that described the impor-
tance of mossy cell degeneration in the DG. Persistent 
increase in glutamate release from the perforant path 
leads to a decrease in the excitation of inhibitory 
interneurons, resulting in the disinhibition of excita-
tory granule cells. In connection to the hyperexcitabil-
ity of mossy hilar cells after head trauma, mossy fiber 
synaptic reorganization has been demonstrated in 
human temporal-lobe epilepsy [45]. This plasticity 
includes an early and persistent abnormal sprouting of 
granule cell axons (mossy fibers) synapsing in the 
molecular layer [46,47]. Our previous study has sug-
gested that the post-traumatic hyperexcitability in the 
hippocampal CAl neurons is caused at least in part by 
the facilitation of glutamatergic transmission [11]. The 
results in the present study also suggest that FPI causes 
hyperactivity of excitatory synaptic transmission in rat 
dentate granular cell layers lasting at least 1 week after 
FPI.

LTP, a long-lasting synaptic plasticity, is the exper-
imental paradigm of the cellular basis for learning and 
memory [13,14,48]. A previous study showed that the 
enhancement of inhibitory synaptic activity reduced 
hyperexcitability in hippocampal CA1 neurons in FPI 
rats [40]. The depression of LTP in dentate granule cell 
layers was not related to the disinhibition after FPI, 

because DG slices were superfused with an ACSF 
containing picrotoxin, an inhibitor for GABAA recep-
tors. One of the most interesting findings of the present 
study was the co-existence of the impairment of LTP 
and the enhancement of the fEPSP in the dentate gran-
ule cell layer following FPI. It has been proposed that 
one of the likely mechanisms for the lack of induction 
of LTP is probably LTP itself, because pathways previ-
ously enhanced by FPI, a pathological form of LTP, 
cannot endure successive LTP [18,49]. It has been 
known that the NMDA receptor-dependent pathway is 
closely related to injury-induced LTP impairment in 
mouse hippocampal CA1 after TBI [21]. The initial 
response to brain injury is an indiscriminant recurrent 
release of excitatory neurotransmitters, leading to 
widespread depolarization [50-52] that consequently 
releases the voltage-sensitive magnesium block of the 
NMDA receptors [53]. Moreover, Zhang et al. [54] 
have demonstrated relief from magnesium block of 
the NMDA receptors following mechanical injury to 
cortical neurons. The large and sudden increase in 
extracellular glutamate after a brain injury would 
result in an increase in Ca2+ influx to the intracellular 
space, leading to pathologic LTP. The hyperactivity of 
excitatory synaptic transmission may occlude subse-
quent LTP induction in dentate granule cell layers.

Various molecular biological cascades have been 
reported to be involved in the process of the induction 
and maintenance of LTP after TBI [20,21]. NO not 
only acts as a direct neurotoxic molecule [25,26], but 
also promotes or mediates LTP or LTD [22-24]. ROS, 
including superoxide, also exhibit two opposite fea-
tures, such as neurotoxity [31], while also functioning 
as messenger molecules in neuronal processes of syn-
aptic plasticity [28,55]. LTP of synaptic transmission 
in area CA1 of the hippocampus is dependent on 
superoxide and is occluded by the superoxide-induced 
potentiation of synaptic transmission [28,56]. NO is 
known to react with ROS to generate RNS that also 
cause neuronal cell death through oxidation [32]. Brain 
injury generates ROS at the early post-traumatic period 
that spread through the vulnerable central nervous 
system (CNS) producing the deleterious consequences 
of brain injuries [31]. It has been shown that mela-
tonin and phenylbutylnitrone, free radical scavengers, 
had protective effects against TBI via scavenging of 
ROS and RNS [37-39]. Edaravone is also a free radi-
cal scavenger clinically used as a neuroprotective 
agent against acute cerebral ischemia [33,34]. 
Edaravone inhibits post-ischemic increases in ·OH 
production and tissue injury in the penumbral or recir-
culated area in rat cerebral ischemia models [35,36]. 
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In addition, it has been reported that edaravone scav-
enges NO [41]. The present study showed that i.p. 
administration of edaravone attenuated the FPI-
induced enhancement of the fEPSP and the impair-
ment of LTP in dentate granule cell layers. The lack of 
induction of LTP after brain injury may be due to post-
traumatic increase in NO and/or free radicals, because 
previous enhancement of these molecules by FPI may 
suppress any further LTP. Such a pathological enhance-
ment of the function of excitatory synapses would pre-
vent subsequent LTP induction in dentate granule 
cells. We, therefore, hypothesized that edaravone pre-
vented the pathological form of LTP following brain 
injury in dentate granule cell layers by suppressing the 
NO-ROS pathway. The present study examined the 
effect of sp-NO, a NO donor, on the induction of LTP in 
brain slice preparations, in vitro. Bath-application of 
sp-NO (100 μM) produced a long-lasting increase in 
the fEPSP slope in dentate granule cell layers. Such an 
enhancement of fEPSP slope was blocked by pre-
treatment with edaravone (100 μM). The present study 
also showed that HFS produced no additional enhance-
ment of the fEPSP in dentate granule cells in the slices 
pretreated with sp-NO (100 μM) alone for 30 min. 
These results may be due to NO and/or NO-stimulated 
free radical production, because application of edar-
avone attenuated sp-NO-induced enhancement of the 
fEPSP slope and prevented the impairment of LTP of 
the fEPSP slope in FPI rats. Although the precise mech-
anisms of edaravone on the FPI-induced impairment 
of LTP were not fully elucidated, i.p. administration of 
edaravone in the early post-traumatic period prevented 
the impairment of LTP in the rat DG. The results of the 
present study suggest a therapeutic potential of edar-
avone against post-traumatic impairment of cognitive 
functions at brain injury by scavenging NO and/or free 
radicals.
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INTRODUCTION

The detection of renal infarction (RI) can be delayed 
or missed because the condition is rare, and its clini-
cal presentation is nonspecific and similar to other 
more common disorders such as pyelonephritis or 
urolithiasis. The two major causes of RI are throm-
boemboli originating from a thrombus in the heart or 
aorta, and in-situ thrombosis of a renal artery, which 
is less common [1,2]. We report a case of RI that 
developed due to renal artery and vein thrombosis 
three weeks after renal cyst aspiration, as confirmed 
by pathological evaluation of the nephrectomy mate-
rial. 

CASE PRESENTATION

A 65 year-old female was admitted to the emer-
gency care unit with complaints of colic pain over the 
right costovertebral region, oliguria and fever. The pa-
tient had undergone a nephrectomy due to a tumor six 
years earlier, and renal cyst aspiration had been per-
formed three weeks prior to admission due to flank 
pain caused by the renal cyst. Her vital signs were as 
follows: temperature 38.5℃, blood pressure 130/90 
mmHg, and pulse of 86/min. The physical examina-
tion revealed decreased turgor tonus of the skin, dry 

mucosal surfaces, and tenderness over the right cos-
tovertebral angle. The laboratory work-up on admis-
sion showed creatinine (Cre): 2.98 mg/dl, urea: 127 
mg/dl, aspartate aminotransferase: 90 U/L, alanine ami-
notransferase: 41 U/L, lactate dehydrogenase (LDH): 
2461 U/L, C-reactive protein (CRP): 323 mg/dl (0-5 
mg/L), white blood cells (WBC): 22600 mL, neutrophil 
(Neu): 19900 mL, hemoglobin: 14.6 gr/dl, and hemat-
ocrit: 45%. She underwent hemodialysis because of 
the progressive elevation of Cre and anuria on follow-
up exams. Due to grade 1 hydronephrosis that was 
shown on urinary system ultrasonography and the 
continuation of anuria, initially a double-j stent was 
placed. But urine output did not improve and hydrone-
phrosis not reduced. Therefore a percutaneous neph-
rostomy catheter was inserted in the renal pelvis. No 
urine output was yielded within 10 h observation after 
placement of the catheter; even, although the nephros-
tomy catheter was in the correct position. At that point 
the catheters were withdrawn due to the possibility of 
infection. The follow-up ultrasonography showed no 
changes in the grade of hydronephrosis after nephros-
tomy catheterization. She had fever on admission, 
therefore vancomycine, ciprofloxacin, and meropen-
em were started empirically after taking urine and 
blood cultures. Because of the persistency of fever in 
spite of antibiotics and the recent history of renal cyst 
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pathological evaluation of the nephrectomy material, three weeks after renal cyst aspiration. 
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aspiration, magnetic resonance imaging (MR) and dif-
fusion MR were performed on suspicion of renal ab-
scess. MR showed a grade 1 hydroureteronephrosis and 
a complicated cyst 55 mm in diameter in the middle of 
the right kidney. No growth was observed in the cul-
tures of the aspiration material of the cyst. Due to the 
persistency of the fever despite antibiotics, and the pa-
tient’s history of cyst aspiration and elevated LDH 
level, abdominal computerized tomography (CT) with 
contrast was performed in the patient on suspicion of 
possible RI. Abdominal CT showed a triangular hy-
podense area in the pericapsular region of the right 
kidney (Fig. 1). Because of uncontrolled infection de-
spite all possible treatments and a worsening of her 
general condition, right nephrectomy was performed. 
The macroscopic evaluation of the nephrectomy mate-
rial was consistent with RI (Fig. 2). The pathological 

evaluation revealed renal artery and vein thrombosis, 
RI and chronic pyelonephritis. The patient’s clinical 
condition was improved dramatically after nephrecto-
my. The post-nephrectomy laboratory work-up, which 
improved as well, showed WBC: 10100 mL, Neu: 
8000 mL, CRP: 22.7 mg/L, LDH: 400 U/L. The pa-
tient was discharged from the hospital and enrolled in 
the hemodialysis program. 

DISCUSSION

RI is a rarely seen disorder. Hazanov et al. [1] re-
ported the largest series in the literature, consisting of 
44 cases. The two major causes of RI are thromboem-
boli, which usually originate from a thrombus in the 
heart or aorta, and in-situ thrombosis of a renal artery, 
which is less common.

The in-situ thrombosis of a renal artery may occur 
as a result of spontaneous or iatrogenic trauma to the 
renal arteries, complications of endovascular proce-
dures, fibrodysplasia, and polyarteritis [2-4]. Renal 
vein thrombosis secondary to underlying systemic dis-
eases may cause RI as well [5]. 

The clinical and laboratory findings of RI may 
mimic other commonly seen disorders including uro-
lithiasis, pyelonephritis and acute abdomen. Thus, the 
detection of RI may be delayed or missed. Patients 
with RI usually develop severe flank pain, diffuse ab-
dominal pain, nausea, and vomiting. Macroscopic he-
maturia, dysuria, fever, and less frequently oliguria 
can be seen in RI as well [1,2,6]. The laboratory find-
ings in RI are non-specific. Leukocytosis, microscopic 
or macroscopic hematuria, leukocyturia, proteinuria, 
high CRP, and elevated Cre levels can be seen in RI. 
The most important laboratory finding is elevated 
LDH level. If LDH elevation is accompanied by non-
specific clinical and laboratory findings in patients 
with elevated risk of embolization (such as atrial fi-
brillation, history of recent vascular invasive proce-
dure), RI should be considered in differential diagno-
sis. Further, if LDH levels are elevated to four times 
higher than normal with normal or mildly elevated 
aminotransferases, RI should be taken into account as 
a possible diagnosis [1,7,8].

Radiological imaging is very important in differ-
ential diagnosis. Spiral CT without contrast should be 
performed in a patient presenting with acute flank 
pain. If there is no urolithiasis and the findings are 
suggestive of RI, CT with contrast should be per-
formed. The presence of a wedge shape perfusion de-
fect in CT is highly suggestive of RI [1]. 

In our case, when the history, clinical presentation, 
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Fig. 1.  Abdominal Computerized Tomography.

Fig. 2.  Macroscopic Appearance of the Kidney.
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laboratory and radiological results were considered, 
the initial differential diagnoses were cyst infection, 
cyst abscess, pyelonephritis, and obstructive lesions. 
Due to the onset of symptoms occurring 3 weeks after 
cyst aspiration, no history of recent vascular proce-
dure, and the absence of atrial fibrillation and cardiac 
thrombosis, the possibility of RI was not taken into 
account initially. After ruling out the possibility of in-
fections and obstruction, CT with contrast was per-
formed due to the presence of elevated LDH (2461U/L). 
Abdominal CT showed a triangular hypodense area in 
the pericapsular region of the right kidney that was 
consistent with RI (Fig. 1). In our case, the RI may 
have occurred as a result of renal artery and vein 
thrombosis that developed after performance of an in-
vasive procedure (cyst aspiration) in the kidney with 
chronic pyelonephritis. 

The normal human kidney can tolerate ischemia 
only 60-90 min. Prolonged ischemia, longer than three 
h, may cause permanent damage to the renal function 
[9]. Thus, early diagnosis and treatment is very impor-
tant. However, the detection can be missed or delayed 
because of the factors that were mentioned above. The 
main treatments of RI are heparin infusion, thrombo-
lytic therapy, and embolectomy. The controlling of 
high blood pressure and supportive treatment for renal 
insufficiency are very important as well [10]. If the 
patient has refractory hypertension, trauma-related-RI  
or a medically resistant situation, nephrectomy can be 
suggested as an alternative treatment option [11]. 

In our case, thrombolytic or anticoagulation thera-
py could not be administered because the patient ap-
plied to our clinic 3 days after onset of the symptoms. 
Since the infection had not been controlled despite ad-
ministration of wide spectrum antibiotics, and the pa-
tient’s general condition was deteriorating, the patient 
underwent nephrectomy. The patient’s clinical and 
laboratory findings were improved dramatically after 
nephrectomy. 

CONCLUSION

When a patient develops anuria, fever, and colic 
pain over the costovertebral angle after invasive pro-

cedures for kidney, RI should be also considered in 
differential diagnosis along with procedure-related 
complications such as bleeding and infection. An LDH 
level four times higher than normal accompanying 
these clinical symptoms could be an indication of pos-
sible RI. 
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INTRODUCTION

Liposarcoma arising in the thoracic cavity is rare. It 
has been reported that many patients have other symp-
toms due to the huge tumor occupying the majority of 
the thoracic cavity. Liposarcoma is not sensitive to 
chemotherapy or radiotherapy. Surgical resection is 
considered the only therapeutic option. When resect-
ing a huge tumor occupying the majority of the tho-
racic cavity, however, care should be taken to prevent 
cardiopulmonary distress caused by compression of 
the airway, the heart, the great vessels, and other 
organs. Here we present a rare case of a giant liposar-
coma occupying two-thirds of the right thoracic cav-
ity, which was successfully treated with surgical resec-
tion through anterior thoracotomy.

CASE REPORT

A 52-year-old male presenting with shortness of 
breath was admitted to our hospital. Chest CT scan 
showed a huge mass and displacement of the inferior 
vena cava and left atrium (Fig. 1). It was diagnosed as 
a soft part tumor occupying two-thirds of the right tho-
racic cavity. We decided to resect the tumor and in-
formed consent was obtained. In order to reduce the 
risk of an adverse cardiac event caused by compres-
sion of the heart and the great vessels during surgery, 
the patient was placed in the supine position, and the 
right subclavian artery and right femoral vein were 
isolated and taped to enable immediate use, in case of 
need, of percutaneous cardiopulmonary support (PCPS). 
Anterior thoracotomy was performed. The tumor was 
situated in the posterior mediastinum with a clear mar-
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Summary:  Liposarcoma originating in the thoracic cavity is not common. It has been reported that neither 
chemotherapy nor radiotherapy is effective, and that surgical resection is the only therapeutic option. There have 
been several cases reported of a large liposarcoma compressing adjacent organs such as the lung and the heart. 
In such cases, careful management is required to prevent adverse cardiopulmonary events during resection. Here 
we report a rare case of a 52-year-old male who had a giant liposarcoma occupying the majority of the right thorax. 
The patient was placed in the supine position, and the tumor was resected through an anterior thoracotomy. 
Percutaneous cardiopulmonary support (PCPS) was prepared in case of need. However, we succeeded in resect-
ing the huge tumor without use of PCPS. We were unable to completely resect the tumor because it originated 
from the posterior mediastinum and extended into the left thorax. The resected tumor weighed 3,500 g and was 
28 cm in largest diameter. The postoperative course was uneventful, except for hypoxemia lasting a few days 
caused by re-expansion edema in the lung. The patient was discharged and is alive at five years to date. 
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gin covered by the pleura. However, it was not encap-
sulated (Fig. 2). Although the majority of the tumor 
was resected through the right thoracic cavity, a small 
portion extending into the left thoracic cavity could 
not be removed. No cardiac event occurred. The ex-
cised tumor weighed 3500 g and was 28 cm in large 
diameter. The cut surface of the tumor had a pale yel-
lowish gelatinous appearance (Fig. 3) and was com-
posed of fat cells, including lipoblasts embedded in an 
abundant fibrocollagenous or focally myxoid stroma 
including atypical spindle cells (Figs. 4 a and b). Im-
munohistochemically, the spindle cells in the dediffer-
entiated area were positive for alpha-smooth muscle 
actin and focally for h-caldesmon, suggesting myofi-
broblastic differentiation, whereas muscle specific ac-
tin (HHF35), desmin, S-100, CD34, bcl-2, cytokerat-
ins (CAM5.2, AE1/AE3) and EMA were negative. It 
was histologically diagnosed as dedifferentiated li-
posarcoma. After surgery the patient experienced slight 
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Fig. 1.  Computed tomography shows a large 
mass with low attenuation occupying two-thirds of 
the right thoracic cavity, displacing the inferior vena 
cava and the left arterium.

Figs. 4a and b.  The tumor consists of two com-
ponents. The lipogenic area is composed of mature 
lipocytes including lipoblasts (a: H.E. stain x40). The 
nonlipogenic area is composed of proliferation of 
atypical spindle or mildly pleomorphic cells arranged 
in a storiform pattern (b: H.E. stain ×100). Fig. 2.  Operative findings show a tumor with a 

well-defined margin originating in the posterior 
mediastinum. 

Fig. 3.  The cut surface of the tumor appears to 
be yellowish pale and gelatinous. Focal necrosis and 
hemorrhage are found in the tumor. 



65

Kurume Medical Journal Vol. 58, No. 2, 2011

GIANT LIPOSARCOMA OCCUPYING MOST OF THE HEMI-THORAX AND 
RESECTED IN THE SUPINE POSITION

hypoxemia caused by re-expansion pulmonary edema, 
which improved within a few days. The patient was 
discharged on the 46th POD. Ten months later the pa-
tient received heavy-ion radiotherapy for the residual 
mass. The patient is alive at four years to date. 

DISCUSSION

Liposarcoma is a soft-part sarcoma [1]. However, 
liposarcoma originating in the thoracic cavity is not 
common. Among patients with liposarcoma in the tho-
racic cavity, 85% have related symptoms, while 15% 
have no symptoms and the tumor is generally discov-
ered on routine chest radiography [2]. 

Klimstra et al. [3] reported that the average tumor 
size was 15.7 cm, ranging from 6 to 40 cm, and the 
average tumor weight was 1500 g. Such a huge tumor 
commonly compresses the intra-thoracic organs such 
as the lung, the heart, great vessels and others, and oc-
casionally causes life-threatening conditions. Com-
plete surgical excision is the first choice of treatment 
[4]. No effect by induction or adjuvant chemotherapy 
for liposarcoma has been shown. Radiotherapy also 
appears to be ineffective for such tumors. The life-
threatening conditions caused by a huge tumor com-
pressing the lung and the heart can be resolved only by 
surgical excision of the tumor. To prevent serious ad-
verse events caused by compression of the heart and 
the great vessels, however, careful management is re-
quired during surgery. We decided against a lateral in-
cision in the lateral decubitus position, and chose an 
anterior thoracotomy in the supine position. Moreo-
ver, we prepared PCPS, in case of need, to deal with 
any cardiopulmonary emergency during surgery.

Ohta et al. [5] reported a patient who underwent 
resection of recurrent mediastinal liposarcoma through 
a clamshell approach and suggested that such aggres-
sive surgery could improve the quality of life and pro-
long the survival of the patient. In the present case, 
complete resection of the tumor was not achieved, be-
cause it occupied the posterior mediastinum and ex-

tended into the left thoracic cavity. Grewal et al. [6] 
reported a 75-year-old patient who survived more than 
five years after incomplete resection of an uncapsu-
lated liposarcoma in the anterior mediastinum fol-
lowed by radiotherapy. There remains some controversy 
over adjuvant therapy, in particular radiotherapy, for 
liposarcoma because of doubts about efficacy, and the 
later difficulty for surgery if any recurrence has to be 
resected. 

We have reported a rare case of surgical resection 
of a huge liposarcoma occupying most of the hemi-
thoracic cavity. The resected tumor weighed 3,500 g 
and was 28 cm in largest diameter. We concluded in 
the present case that surgery was effective in reducing 
the risk to cardiopulmonary distress, even though re-
section was incomplete. In case of surgical resection of 
a huge tumor in the thoracic cavity, careful periopera-
tive management is important and preparations should 
be made to cope with any adverse cardiopulmonary 
event that might occur during surgery.
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INTRODUCTION

Phyllodes tumor (PT) of the breast is a rare biphasic 
fibroepithelial neoplasm that accounts for less than 1% 
[1] of primary breast neoplasms. PT usually presents 
as a rapidly growing and clinically benign breast lump 
in females within the fourth or fifth decade of life 
[2,3]. PT typically exhibits an enhanced intracanalic-
ular growth pattern with leaf-like projections into 
dilated lumens. Malignant PTs are more readily char-
acterized by stromal pleomorphism and overgrowth, 
frequent mitoses and infiltrative borders [4]. In case 
of large growing malignant PTs with stromal predom-
inance, it is difficult to distinguish between a pure 
sarcoma and malignant PT. We discuss herein recent 
advances in the diagnosis and management of PT.

CASE REPORT

A 57-year-old woman presented with a 20- year 

history of swelling of the right breast. She was referred 
to another hospital due to a painful and swollen right 
breast with bleeding. Physical examination revealed a 
massively enlarged right breast over 20 cm in maxi-
mum diameter. Core-needle biopsy was suspicious for 
low-grade myofibroblastic sarcoma (LGMS). She was 
transferred to our hospital for further treatment.

Her only significant past medical history was a 
duodenal ulcer. She had no history of pregnancy or 
nursing and her family history was unremarkable. 
Laboratory data were as follows: red blood cell count, 
247×104/μl; hemoglobin, 6.9 g/dl; albumin, 1.55 g/dl 
and C-reactive protein, 11.8 mg/dl. She exhibited se-
vere anemia, hypoalbuminemia and systemic inflam-
mation. Tumor markers including CEA and CA15-3 
were within normal limits.

Physical examination showed a giant tumor of the 
right breast, with ulceration, exudate, bleeding, and foul 
smell (Figs. 1). She could not move her right arm due 
to the severe pain.
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Summary:  We present a case of a 57-year-old woman with a giant malignant phyllodes tumor (PT) in her 
right breast, with maximum diameter of 20 cm. The core-needle and excisional biopsy specimens were diag-
nosed as suspicious for low-grade myofibroblastic sarcoma (LGMS). The subsequent total mastectomy with partial 
resection of the pectoral muscles showed predominance of stromal hypercellularity without an epithelial compo-
nent. However, we diagnosed this as a malignant PT because focal areas showed a leaf-like pattern. In the case 
of large malignant PTs that exhibit stromal predominance, it can be difficult to distinguish between a pure sar-
coma and malignant PT. It is important to thoroughly examine multiple sections from the view point of residual 
epithelial structure in morphological diagnosis.
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Mammographic and ultrasonographic examina-
tions could not be carried out because of the pain 
caused by the huge tumor. Computed tomography (CT) 
showed a 20×14×9.7 cm heterogenous breast mass 
with diffuse enhancement that was suspicious for chest 
wall invasion (Fig. 2a). T2 weighted magnetic reso-
nance imaging (MRI) study revealed a heterogenous 
pattern with high signal intensity (Fig. 2b). Axillary 
lymph nodes were not detected in MRI.

We performed an excisional biopsy of the tumor, 
which showed marked stromal hypercellularity with-
out an epithelial component. By immunohistochemis-
try staining, the stromal cells were positive diffusely 
for alpha smooth muscle actin, Calponin, HHF35, CD10 
and vimentin. But they were negative for desmin, 
S-100, CD34, epithelial membrane antigen and AE1/
AE3. Reactivity with MIB-1 and p53 was seen in 
20.6% and 24.7% of the cells, respectively. Histopatho-

logical diagnosis of the excisional specimen was the 
same as the prior core-needle biopsy: “suspicious for 
LGMS” .

Her hemoglobin improved from 6.9 g/dl to 11.0 g/
dl by preoperative blood transfusion. Furthermore we 
performed transcatheter arterial embolization of the 
breast tumor in order to reduce blood loss during the 
operation and applied Mohs’ paste, which is often used 
for hemorrhagic tumors to reduce the amount of exu-
date, bleeding and foul smell. Administration of inter-
nal oxycodone hydrochlorides relieved the severe breast 
pain. 

She underwent a modified radical mastectomy with 
sufficient surgical margin, and partial resection of the 
pectoral muscles. The tumor had no invasion into the 
rib, but axillary lymph nodes were swollen. The wound 
was able to close primarily, without skin grafting 
(Figs. 3), and the total blood loss was 985 cc.

68

Figs. 1 (a,b).  Grossly enlarged patient’s right breast with ulceration, exu-
date, bleeding and foul smell. 

a b

Figs. 2 (a,b).  a. CT shows a 20×14×9.7 cm heterogenously enhanced 
mass that is suspicious for the chest wall invasion. b. T2 weighted MRI shows 
heterogenous pattern with high signal intensity.

a b
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The resected tumor specimen measured 21.5×16×9 
cm and weighed 2120 g, and appeared as a white, soft 
and mucoid homogenous mass with focal hemorrhage. 
Microscopic findings showed a highly cellular stromal 

tumor composed of spindled cells with marked atypia 
and brisk mitotic activity (mean: 30/10HPFs) (Figs 
4a,b). Immunohistochemically, MIB-1 and p53 was 
seen in 50.5% and 41.3% of the cells, respectively 

Figs. 3(a,b,c).  Operative findings: A modified radical mastectomy and partial resection 
of pectoral muscles were performed.

a b c

Figs. 4(a,b,c,d).  Histopathological findings: The tumor is highly cellular with stromal 
overgrowth. They are spindled in shape with marked atypia and brisk mitotic activity (HE 
stain, a: ×100, b: ×400 magnification). Immunohistochemically, MIB-1(c) and p53 (d) was 
seen in 50.5% and 41.3% of the cells, respectively (c, d: ×400 magnification).

a

c

b

d
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(Figs. 4c,d). Some stromal cells showed lipoblast-like 
differentiation. However, further careful examination 
of additional sections revealed an epithelial compo-
nent with a leaf-like pattern (Figs. 5). The final his-
topathological diagnosis was PT, malignant type. The 
margin of the resected tumor showed partially infiltra-
tive growth into skin, but no invasion into muscles or 
lymphovasa. There were no axillary lymph node me-
tastases.   

She recovered well, and there was no evidence of 
local recurrence or distant metastasis 17 months after 
surgery without adjuvant chemotherapy. 

DISCUSSION

PT of the breast is a rare biphasic fibroepithelial 
neoplasm that accounts for about 1% [1] of primary 
breast tumors. The disease occurs predominantly in 
middle-aged women, with the average age of presen-
tation at 40 years old [5-8]. They often present clini-

cally as a painless mass with an average size of 4-5 cm 
[9,10]. The first treatment of choice is surgical resec-
tion. Axillary lymph node metastasis is rare, and lymph 
node dissection is not required. The role of adjuvant 
therapy for PT with chemotherapy and/or radiation 
therapy has not been clearly defined by prospective 
studies [6,11].

Although local recurrence is common (21% for 
benign types, 46% for borderline types, and 65% for 
malignant types [12]), prognosis is generally good, 
with 5-year survival rates of 91% and 82% for benign/
borderline types and malignant type [2], respectively. 
Local recurrence has been associated with a positive 
surgical margin, stromal overgrowth and histological 
classification. Stromal overgrowth was an especially 
predictive factor for local recurrence in cases with a 
positive surgical margin [13]. 

Many biological markers have been evaluated for 
their prognostic value, and cell proliferation has shown 
a correlation between MIB-1 positivity and histologi-

TABLE 1.
Immunohistochemical staining results

Material AE1/AE3 Vimentin α-SMA Calponin HHP35 CD10 MIB-1 p53

Biopsy — ＋
(weak) ＋ ＋ ＋ ＋ 20.6% 24.7%

Resected specimen

The stroma of
hypercellularity

— ＋＋ ＋＋ — ＋＋ ＋ 50.5% 41.3%

Resected specimen

The stroma of
leaf-like pattern

— ＋＋ ＋ — ＋ ＋
(focal) 8.6% 14.2%

Figs. 5(a,b).  Histopathological findings by multiple sections: There is an epithelial com-
ponent with leaf-like pattern appeared in the tumor (a: HE stain, ×40 magnification).

a b
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cal grade. Expression of p53, commonly used as a sur-
rogate for identification of a tumor suppressor gene 
mutation, has been correlated with tumor grade. Among 
biological markers, MIB-1 index (0.7-6% for benign 
types, 11.2% for borderline types and 30-31.2% for 
malignant types [14,15]) and p53 expression status (0-
4% for benign/borderline types and 55-56% for malig-
nant types [8,14]) may be significant prognostic fac-
tors. Table 1 summarizes immunohistochemical staining 
results of this case.

The tumor size and several US and MRI findings 
can be used to help preoperatively distinguish between 
malignant or benign PT. In MRI, internal non-enhanced 
septations, silt-like patterns in enhanced images and 
signal changes from T2-weighted to enhanced images 
correlated significantly with the histologic grade [16]. 
In this case, MRI findings were not characteristic of 
PT. 

PT typically exhibits an enhanced intracanalicular 
growth pattern with leaf-like projections into dilated 
lumens. In the malignant types, the stroma shows frank 
sarcomatous changes, which most often are  fibrosar-
coma-like. Due to overgrowth of the sarcomatous com-
ponents, the epithelial component may only be identi-
fied after examining multiple sections. As malignant 
PT grows larger and the stromal component predomi-
nates, it becomes difficult to distinguish between pure 
sarcoma and malignant PT.

LGMS seems to represent a distinct entity in the 
spectrum of low-grade myofibroblastic neoplasms and 
is distinguishable from fibromatosis, myofibromato-
sis, solitary fibrous tumor, fibrosarcoma, and leiomy-
osarcoma [17]. LGMS of the breast is very rare, and 
only seven cases have been reported in the literature 
[18].

The final diagnosis differed from the biopsy diag-
noses due to the focal presence of an epithelial compo-
nent in the resected specimen. In case of biopsy speci-
mens showing predominately stromal lesions, it is 
important to thoroughly examine the resected speci-
men for possible epithelial components. 

In conclusion, diagnosis of PT, and assignment of 
histological characteristics are still fraught with uncer-
tainties, but the method described here is probably still 
the most practical approach [19]. Assessment of bio-
logical markers does not significantly improve prog-
nostic prediction. Further molecular level assessment 
of PT may provide more insight into the biology of 
this tumor. 
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