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18Relationship between F-FDG uptake and heat shock 

protein 90α expression in colorectal cancer

Abstract
Objective: We investigated whether heat shock protein 90� (HSP90�) expression is associated with �uorine-

18 1818-labeled �uoro-2-deoxy-D-glucose ( F-FDG) uptake and whether F-FDG positron emission tomogra-
phy/computed tomography (PET/CT) can be used to predict the status of HSP90� expression in colorectal 

18cancer (CRC). Subjects and Methods: The medical records and preoperative F-FDG PET/CT studies of 51 
patients with newly diagnosed CRC who underwent surgical treatment were retrospectively reviewed. The 

18maximum standardized uptake value (SUVmax) of the primary tumor was calculated from the level of F-
FDG uptake. HSP90� expression was determined by immunohistochemistry. The relationship between 
SUVmax and HSP90� expression was analyzed. Results: Colorectal cancer with high HSP90� expression had 
signi�cantly higher SUVmax than CRC with low HSP90� expression (18.88±10.06 vs. 12.38±5.04, P=0.003). 

18There was a signi�cant correlation between HSP90� expression and F-FDG uptake (r=0.354, P=0.011). The 
highest accuracy for determining HSP90� status (68.6%) was obtained with a SUVmax cut-o� of 15.4. Maxi-
mum SUV was the only predictor of HSP90� expression on multivariate logistic regression analysis (Odds 

18Ratio=5.384, P=0.016). Conclusion: The expression status of HSP90� was signi�cantly related to F-FDG up-
take in CRC.
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Introduction

Heat shock protein 90� (HSP90�) is a molecular chaperone that ensures proper 
folding, maturation, and intracellular tra�cking of numerous client proteins, 
such as ErbB2/Neu, Bcr-Abl, Raf-1, Akt, hypoxia-inducible factor (HIF)-1�, and 

mutated p53 [1]. Because many of these proteins are associated with the development 
and progression of cancer cells, many HSP90� inhibitors that block its chaperone 
activity exhibit potent anti-cancer activities by causing inactivation or/and degradation 
of client proteins [2].

18Fluorine-18-labeled �uoro-2-deoxy-D-glucose ( F-FDG) positron emission tomogra-
phy/computed tomography (PET/CT) is a non-invasive molecular imaging modality wi-
dely used in cancer patients for initial staging, evaluating therapeutic response, de-

18tecting disease recurrence, and predicting survival outcomes [3]. The amount of F-FDG 
uptake is the most reliable and widely used parameter to measure tumor metabolism 
and evaluate treatment response; �uorine-18-FDG uptake is reported semi-quantita-
tively as the maximum standardized uptake value (SUVmax) [4].

Colorectal cancer (CRC) is the third most common cancer and the second leading ca-
use of cancer-related deaths worldwide [5]. Previous study showed that overexpression 
of HSP90 isoforms is involved in oncogenesis and is associated with tumor aggressive-

18ness and poor prognoses in CRC [6]. Given their function, it seems likely, that both F-
FDG uptake and HSP90� expression are associated each other. However, to date, the re-

18lationship between F-FDG uptake and HSP90� expression in CRC has not been repor-
ted, and the possible underlying mechanism is not clear. Accordingly, the present study 

18investigates whether HSP90� expression is associated with F-FDG uptake and whe-
18ther F-FDG PET/CT can be used to predict the status of HSP90� expression in CRC.

Subjects and Methods

Subjects
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The institutional review board approved our study design 
and all informed consent exemptions. Patients were consi-
dered eligible if: (1) They were newly diagnosed with CRC 
from January 2015 to December 2016; (2) They had been tre-
ated by surgical resection at our institution; (3) The diagnosis 
of CRC had been con�rmed by histopathologic examination 
of surgical specimens; (4) The HSP90� expression status of 
their tumor was determined by immunohistochemical sta-

18ining of primary tumor tissue; (5) They had F-FDG PET/CT 
study performed prior to surgery; (6) They had no adjuvant 

18therapy administered before F-FDG PET/CT study; (7) They 
had complete medical records. Fifty-one patients met these 
criteria. Their medical records, including data on age, sex, 
tumor size, TNM stage, tumor location, pathologic di�erenti-
ation, and preoperative serum concentrations of carcinoem-
bryonic antigen (CEA), were retrospectively reviewed and 
documented. Serum concentrations of CEA were not ava-
ilable in 8 patients.

18F-FDG PET/CT protocol
All patients were examined using a dedicated PET/CT 
scanner (Discovery 710, GE Healthcare, Waukesha, WI, USA) 
within 7 days prior to surgical treatment. PET/CT imaging 

18was performed 60min after injection of F-FDG at a dose of 
183.7MBq/kg (0.1mCi/kg) body weight. Before F-FDG admi-

nistration, patients were asked to fast for at least 6 hours. Blo-
18od glucose level at the time of F-FDG injection was less than 

160mg/dL in all patients. Sixty minutes after administration 
18of F-FDG, low-dose CT covering the area from the base of 

the skull to the proximal thigh was performed for attenu-
ation correction and precise anatomic localization. There-
after, an emission scan was conducted in three-dimensional 
mode. The emission scan time per bed position was 1.5min, 
and 7 or 8 bed positions were acquired. Positron emission to-
mography data were obtained using a high-resolution who-
le-body scanner with an axial view �eld of 15.7cm. The ave-
rage axial resolution varied between 5.6mm (full width at 
half maximum) at 1cm and 6.3mm at 10cm. The average total 
PET/CT examination time was 15min. Computed tomogra-
phy scans were obtained with a tube voltage of 120kVp and 
tube current of 30-180mAs. The PET data were iteratively re-
constructed with attenuation correction and then reoriented 
in axial, sagittal, and coronal slices. For semi-quantitative 
analysis, irregular regions of interest were placed over the 

18most intense area of F-FDG uptake in primary tumors. Maxi-
mum SUV was calculated as (tissue activity per mL [Mbq/ 
ml])/(injected dose [MBq]/body weight [kg]) on PET images.

Immunohistochemical analysis
Representative areas of tumors were marked on hemato-
xylin and eosin-stained slides and used for tissue microar-
rays (TMA). Two tissue cores per tumor with a diameter of 
2mm were taken from donor para�n blocks and put in blank 
recipient para�n blocks. Tissue microarrays blocks were sec-
tioned at 4�m for immunohistochemical staining using a 
Ventana Benchmark XT (Roche-Ventana, Tucson, AZ, USA). 
All sections were depara�nized and subjected to pretreat-
ment with CC1 (Roche-Ventana) for 60min at 100�C. Sections 
were washed with reaction bu�er followed by incubation 

with primary antibodies for 32 or 60min at 37�C. Primary an-
tibodies were against HSP90� (clone D7a, 1:100, Abcam, 
Cambridge, UK). An UltraView Universal DAB kit (Roche-
Ventana) was used according to the manufacturer's recom-
mendations to detect primary antibodies; this was followed 
by counterstaining with hematoxylin (Roche-Ventana). For 
the negative control, bu�er was used instead of primary an-
tibody. Expression of HSP90� was almost entirely cytoplas-
mic, and only cytoplasmic staining was evaluated to deter-
mine HSP90� expression. Cases were considered positive 
when 10% or more of tumor cells expressed the protein. The 
staining intensity of the positive cases was scored as 1 (we-
ak), 2 (moderate), or 3 (strong). For statistical analyses, the 
negative and weakly positive cases were clustered in the low 
expression group, while the moderately and strongly po-
sitive cases constituted the high expression group.

Statistical analysis
Values are expressed as mean ± standard deviation or num-
ber. To compare between-group di�erences, the indepen-
dent Student's t-test, Mann-Whitney U test, or Kruskal-Wallis 
test was used as appropriate when variables were continu-
ous. Fisher's exact test or chi-square test was used for catego-
rical variables. Multivariate logistic regression analysis was 
used to identify factors associated with HSP90� expression. 
Correlations between variables were tested using Spearman 
rho rank correlation analysis. Receiver-operating characte-
ristics (ROC) curve analysis was used to assess the predictive 
value of SUVmax for HSP90� expression. All statistical analy-
ses were performed using a statistical software package 
(MedCalc Ver. 14.12.0, MedCalc Software bvba, Ostend, Belgi-
um), and statistical signi�cance was established when the P 
value was 0.05 (two-tailed test).

Results

Patient characteristics
A total of 51 patients (28 males and 23 females; age 69.2±10.3 
years, range 37-88) were enrolled. The mean primary tumor 
size was 5.0cm (range 0.7-10.0). Nineteen tumors were found 
in the cecum and ascending colon, 7 were found in the trans-
verse colon, 1 was found in the descending colon, 16 were fo-
und in the sigmoid colon, and 8 were found in the rectum. 
Lymph node metastasis was detected in 28 patients. Distant 
metastatic lesions were detected in the liver (n=3), lung (n=1), 
small bowel (n=1), omentum (n=1), abdominal wall (n=1), left 
supraclavicular lymph node (n=1), and left axillary lymph no-
de (n=1). According to the 8th edition of the American Joint 
Committee on Cancer TNM staging system [7], tumors were 
staged as follows: 7 as stage I, 16 as stage II, 19 as stage III, and 
9 as stage IV. The staining intensity score of HSP90� expres-
sion was 0 in 22 patients, 1 in 12 patients, 2 in 6 patients, and 3 
in 11 patients. Three patients with signet ring cell carcinoma 
had no HSP90� expression.

Relationships between clinicopathologic characteristics 
18and F-FDG uptake or HSP90� expression
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The SUVmax for primary tumors ranged from 4.9 to 42.2 
with an average of 14.55. Table 1 shows the relationship bet-
ween clinicopathologic variables and SUVmax. Statistical 
analysis showed no signi�cant di�erences in SUVmax accor-
ding to age, sex, tumor size, serum CEA level, T category, 
lymph node or distant metastasis, location, or histologic ty-
pe. Patients were categorized into 2 groups according to im-
munohistochemical staining of HSP90�: patients with high 
HSP90� expression (n=17) and patients with low HSP90� 
expression (n=34). No signi�cant di�erences in age, sex, tu-
mor size, serum CEA level, T category, lymph node or dis-
tant metastasis, location, or histologic type were found bet-
ween the two groups (Table 2).

18Relationship between F-FDG uptake and HSP90� 
expression
Figure 1 shows representative cases of CRC with high and low 
HSP90� expression. Colorectal cancer with high HSP90� ex-
pression had a signi�cantly higher SUVmax than CRC with 
low HSP90� expression (18.88±10.06 vs. 12.38±5.04, P=0.003, 
Figure 2). Colorectal cancers with high HSP90� expression 
were more frequent in the higher metabolic group (SUVmax> 
15.4) than in the lower metabolic group (SUVmax≤15.4) 
(10/19 vs. 7/32, P=0.034). There was positive correlation bet-
ween SUVmax and staining intensity of HSP90� (r=0.354, 
95% CI=0.087-0.574, P=0.011). We next sought to determine 
the SUVmax threshold for optimal di�erentiation between 
these two groups. Receiver operating characteristic curve 
analysis revealed that the highest accuracy (68.6%) was obta-
ined with SUVmax cut-o� of 15.4, and the area under the cur-
ve was 0.708 (95% CI=0.564-0.827, P=0.012, Figure 3). Sensi-
tivity and speci�city for predicting HSP90� expression were 
64.7% (95% CI=38.3-85.8) and 76.5% (95% CI=58.8-89.3), res-
pectively.
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Table 1. Relationship between clinicopathologic variables and 
SUVmax.

Variables
No. of 

patients
Mean 

SUVmax
P

Age (years) 0.590

<70 18 13.76 ± 5.87

≥70 33 14.98 ± 8.54

Sex 0.115

Male 28 13.01 ± 5.70

Female 23 16.42 ± 9.32

Tumor size 
(cm)

0.133

<5 24 12.83 ± 7.39

≥5 27 16.07 ± 7.71

CEA (ng/mL) 0.896

<10 28 14.12 ± 8.52

≥10 15 14.47 ± 7.54

T category 0.144

T1/T2 8 10.90 ± 4.34

T3/T4 43 15.23 ± 7.98

Lymph node 
metastasis

0.537

Negative 23 13.81 ± 8.02

Positive 28 15.16 ± 7.45

Distant 
metastasis

0.491

Negative 9 16.17 ± 10.38

Positive 42 14.20 ± 7.06

Tumor location 0.235

Right 25 13.62 ± 7.87

Left 26 15.45 ± 7.50

Histologic 
type

0.644

Well 
differentiated

26 15.13 ± 7.98

Moderately 
or poorly 
differentiated

22 14.38 ± 7.59

Signet-ring 
cell

3 10.73 ± 6.30

*SUVmax, maximum standardized uptake value; CEA, carcinoembryonic 
antigen; HSP90�, heat shock protein 90�.



A

B

Table 2. Relationship between clinicopathologic variables and HSP90� expression.

Variables No. of patients HSP90α expression P

High (n=17) Low (n=34)

Age (years) 0.757

<70 18 5 13

≥70 33 12 21

Sex 0.553

Male 28 8 20

Female 23 9 14

Tumor size (cm) 0.767

<5 24 7 17

≥5 27 10 17

CEA (ng/mL) 1.000

<10 28 10 18

≥10 15 5 10

T category 0.703

T1/T2 8 2 6

T3/T4 43 15 28

Lymph node metastasis 0.143

Negative 23 5 18

Positive 28 12 16

Distant metastasis 1.000

Negative 9 3 6

Positive 42 14 28

Tumor location 1.000

Right 25 8 17

Left 26 9 17

Histologic type 0.342

(continued)
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 Well differentiation 26 8 18

Moderately or poorly 
differentiation

22 9 13

 Signet-ring cell carcinoma 3 0 3

SUVmax 0.034*

 ≤15.4 32 7 25

 >15.4 19 10 9

 Mean ± SD 18.88 ± 10.06 12.38 ± 5.04 0.003*

*P<0.05. HSP90�, heat shock protein 90�; CEA, carcinoembryonic antigen; SUVmax, maximum standardized uptake value.

18Figure 1. Images of maximum intensity projection (left), axial view (middle) of F-FDG PET/CT and immunohistochemical staining (right) in representative cases. The 
SUVmax in colorectal cancer was higher (42.2 vs. 8.4) when HSP90� was highly expressed (A, intensity score; 3) than when HSP90� had low expression (B, intensity score; 0).
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Figure 2. Box-and-whisker plots of tumor SUVmax according to HSP90� expression status in colorectal cancer (CRC). CRC with high HSP90� expression had signi�cantly 
higher SUVmax than CRC with low HSP90� expression (18.88 ± 10.06 vs. 12.38 ± 5.04, P=0.003).

Figure 3. Receiver operating characteristic curve analysis of ability of SUVmax to predict HSP90� expression. Using cut-o� value of 15.4, the sensitivity and speci�city of 
SUVmax in predicting HSP90� expression were 64.7% and 76.5%, respectively. Area under the receiver operating characteristic curve is 0.708 (95% con�dence inter-
val=0.564�0.827, P=0.012).

Logistic regression analysis for independent predic-
tive factors of high HSP90� expression
Multivariate logistic regression analysis was performed in-
cluding factors with a P value of less than 0.15 on univariate 
analysis. The results revealed that SUVmax was the only sig-
ni�cant predictor for high HSP90� expression (Odds Ratio= 
5.384, P=0.016, Table 3).

Discussion

Heat shock proteins are a group of proteins that facilitate 
protein folding and maintenance of natural structures and 
functions of other proteins when cells are exposed to home-
ostatic challenges such as extreme temperature, anoxia, hy-
poxia, heavy metals, drugs, or other chemical agents that 

may induce stress or protein denaturation [8, 9]. Heat shock 
proteins are classi�ed into several families according to their 
molecular mass [10]. Ninety kilodalton HSP (HSP90) is a rep-
resentative family that is the most widely studied target for 
cancer therapy. Heat shock protein 90 includes di�erent ty-
pes of human isoforms such as cytoplasmic isoforms, HSP-
90� (inducible) and HSP90� (constitutional), an endoplas-
mic reticulum isoform, glucose related protein 94, and a mi-
tochondrial isoform, tumor necrosis factor (TNF) receptor-
associated protein 1 (TRAP1) [10]. The inducible HSP90� iso-
form is a component of the invasive phenotype of cancer 
cells, indicating the importance of HSP90� for generating 
metastasis [6].

To the best of our knowledge, this is the �rst study to ana-
18lyze the association between HSP90� expression and F-

FDG uptake in patients with CRC. Our results showed that 
the SUVmax in CRC was signi�cantly higher when HSP90� 
was highly expressed than when HSP90� had low expres-



sion (18.88±10.06 vs. 12.38±5.04, P=0.003). SUVmax was po-
sitively associated with HSP90� expression (r=0.354, P= 
0.011).

18The association between HSP90� expression and F-FDG 
uptake has not been reported until now. Because HSP90� is 
a molecular chaperone responsible for HIF-1�, the potential 
mechanism may be as follows. Hypoxia is common in many 
types of solid tumors, in which tumor cells rapidly proliferate 
and form large solid tumor masses, leading to obstruction 
and compression of surrounding blood vessels. HIF-1� is an 
oxygen-sensitive subunit, and its expression is induced un-
der hypoxic stress conditions. Additionally, HIF-1� is more 
promoted by binding with HSP90� [11]. In rapidly growing 
tumor tissue, HIF-1� helps hypoxic tumor cells to shift glu-
cose metabolism from the more e�cient oxidative phosp-
horylation to the less e�cient glycolytic pathway to main-
tain energy production [12]. For this reason, hypoxic cells 
tend to consume more glucose to meet their energy needs. 
HIF-1� mediates this metabolic conversion through induc-
tion of enzymes involved in the glycolysis pathway and 
overexpression of GLUTs, especially the GLUT1 isoform, whi-
ch increases glucose import into tumor cells [13]. Therefore, 

18more aggressive tumor cells have higher F-FDG uptake 
through GLUT1. Previous studies suggested that GLUT1-

18mediated F-FDG accumulation in CRC can predict the un-

derlying tumor biology in terms of malignancy potential 
and overall prognosis [3, 14, 15]. Thus, it is likely that HSP-

1890�-positive CRC shows high F-FDG uptake and is correla-
ted with poor prognosis.

Heat shock protein 90� expression had no signi�cant as-
sociation with various clinicopathologic factors in our study. 
One possibility for our results is that HSP90� up-regulation 
might occur at early stages, similar to TRAP1, another iso-
form of the HSP90 protein family. It was previously sugges-
ted that up-regulation of TRAP1 is an early event in tumori-
genesis that is already evident in high-grade adenomas and 
in situ carcinomas [16]. However, our results are in disagre-
ement with previous studies. While Drecoll et al. (2014) re-
ported that high HSP90 expression levels were associated 
with lower malignant potential [17], Chen et al. (2011) repor-
ted that HSP90 overexpression was correlated with metas-
tasis [18]. Thus, further studies are needed to investigate 
these controversial �ndings.

Molecular targeting has become a prominent concept in 
cancer treatment and HSP90 has attracted attention as tar-
gets for novel anticancer strategies because of its crucial role 
in cancer biology [9, 10, 19]. Since geldanamycin, a 1,4-ben-
zoquinone ansamycin antitumor antibiotic, was introduced 
as the �rst established inhibitor of HSP90, various HSP90 in-
hibitors have been tested in clinical trials. Heat shock protein

Original Article

93 Hellenic Journal of Nuclear Medicine     January-April 2021•   www.nuclmed.gr16

Table 3. Logistic regression analysis for independent predictive factors of HSP90� expression.

Variables Univariate Multivariate

OR 95% CI P OR 95% CI P

SUVmax 3.968 1.160-13.579 0.028* 5.384 1.374-21.095 0.016*

Lymph node metastasis 2.700 0.780-9.347 0.117 3.919 0.961-15.982 0.057

Sex 0.622 0.193-2.009 0.428

Age 1.486 0.425-5.195 0.535

Tumor size 1.429 0.440-4.634 0.553

T category 1.607 0.288-8.965 0.589

Tumor location 1.266 0.394-4.063 0.692

Histologic type 0.922 0.350-2.430 0.870

CEA 0.900 0.240-3.379 0.876

Distant metastasis 1.000 0.217-4.605 1.000

*P<0.05. HSP90�, heat shock protein 90�; OR, Odds Ratio; CI, con�dence interval; SUVmax, maximum standardized uptake value; CEA, carcinoembryonic 
antigen



90 inhibitors have several advantages as anticancer drugs: 
(i) HSP90 inhibitors can simultaneously target multiple sig-
naling pathways because many signaling proteins are HSP-
90 client proteins, (ii) HSP90 inhibitors can target speci�c da-
mage in tumor tissues with minimal toxicity in normal tis-
sues, (iii) a combination of HSP90 inhibitors and proteasome 
inhibitors leads to accumulation of unfolded proteins that 
are insoluble and toxic to cancer cells [9]. Because HSP90� 

18expression was positively associated with F-FDG uptake in 
our study, the therapeutic e�ect of HSP90 inhibitor might 
be decided by evaluating SUVmax change before and after 

18therapy. The utility of F-FDG PET/CT for evaluating thera-
peutic response during HSP90 inhibitor therapy should be 
explored in future studies.

This study had some limitations due to its retrospective 
design. First, there were few enrolled patients, which we-
aken the strength of our �ndings. Second, we could not veri-
fy our assumption about the correlation between HSP90� 

18expression and F-FDG uptake because we did not investi-
gate both HIF-1� and GLUT1 proteins. Third, we could not 
know whether CRC with high HSP90� expression demon-
strates poor prognosis because follow-up data of enrolled 
patients was not collected. Despite these limitations, how-
ever, this is the �rst study to present evidence of the poten-

18tial value of F-FDG PET/CT scans for determining HSP90� 
expression status in patients with CRC, which contributes to 
clinical decision making on anti-HSP90 therapies.

In conclusion, we found a signi�cant correlation between 
18HSP90� and F-FDG uptake in CRC. Receiver operating cha-

18racteristic curve analysis indicated that F-FDG uptake may 
have a role in predicting HSP90� expression. Multivariate 
logistic regression analysis revealed that SUVmax of the pri-
mary tumor was the only predictive factor of high HSP90� 

18expression. These results suggest that F-FDG PET/CT scans 
can be a useful complement for assessing the status of 
HSP90� expression in CRC.

The authors declare that they have no con�icts of interest.
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