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SUMMARY
Background: To explore the association of transthyretin (TRR) with colorectal cancer (CRC) development and
progression.
Methods: This study was conducted on 12 normal colorectal tissue samples, 15 colorectal adenomas, and 39 colorectal adenocarcinoma tissue specimens. TTR expression was assessed by immunohistochemistry, and the results
were correlated to clinicopathological characteristics of CRC patients.
Results: TTR staining was detected in 16.7% (2/12) of normal colon tissues, 46.7% (7/15) of colorectal adenomas,
and 89.7% (35/39) of colorectal adenocarcinoma tissues. TTR staining scores in normal colon tissues, adenoma,
and adenocarcinoma were 0.58, 2.27, and 5.40, respectively. G3 grade adenocarcinoma had a higher TTR staining
score compared with G2 and G1 grades (8.40, p = 0.0009). Lower TTR expression was significantly associated
with metastasis (p = 0.043).
Conclusions: TTR expression is positively correlated with adenoma to CRC progression. Thus, TTR has the potential to serve as a predictive marker in CRC.
(Clin. Lab. 2021;67:xx-xx. DOI: 10.7754/Clin.Lab.2020.200641)
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer worldwide [1]. Although CRC incidence and mortality rates have decreased since the early 1980s [2], it is
still the fourth type of cancer by incidence in China, and
the number of newly diagnosed cases has been continuously rising in recent years. Improvement in surgical
treatment has improved the survival of CRC patients
without metastases at the time of diagnosis. However,
about 20 - 25% of patients are diagnosed with synchronous metastases at the time of diagnosis [3,4]. Tumor
stage, tumor grade, weight loss, and anatomic sites of
metastatic disease all influence the survival of CRC patients. Nevertheless, despite advancements in CRC therapy, metastatic CRC patients still have cancer recur-
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rence, and the median survival is less than 2 years [5-7].
It has been reported that 5-year recurrence rates for patients with stage I, stage II, and stage III cancer are
10%, 20%, and 30 - 50%, respectively [8]. The survival
rate is lower in patients with advanced CRC, especially
those with metastatic disease, compared to patients with
well-differentiated tumors. Therefore, identifying good
biomarkers that can indicate the clinical characteristics
of CRC would be of great clinical benefit.
Transthyretin (TTR) was originally named “prealbumin” as it was the only plasma protein that migrated anodal to albumin during electrophoresis [9]. It was first
detected in human cerebrospinal fluid and serum samples. It was identified as a thyroid hormone-binding
protein. TTR is synthesized in the liver, choroid plexus,
and intestine [10]. It mainly exists as a homotetrameric
protein of about 55 kDa, and has a role in the transport
of retinol by binding to retinol-binding protein [11].
Many studies have reported the relationship between
TTR expression and human cancer. For instance, TTR
was found to be overexpressed in pancreatic cancer
juice by two-dimensional gel electrophoresis, matrix-assisted laser desorption/ionization-time of flight (TOF)
mass spectrometry (MS), and western blot analysis [12].
TTR is reportedly a novel serum biomarker in lung cancer [13]. In addition, a previous study showed that TTR
expression was downregulated in the serum of patients
with cholangiocarcinoma (CC) [14]. It has also been
shown that TTR may be used as a complementary
marker with carbohydrate antigen 19-9 (CA19-9) for
the diagnosis of CC [15]. The relationship between TTR
expression and CRC has also been examined. In the
study by Fentz et al. [16], the surface-enhanced laser
desorption/ionization-TOF MS approach was applied to
serum samples from 83 CRC patients with stage III cancer. According to their results TTR expression was lower in the serum of CRC patients compared to patients
with adenomas [16]. Furthermore, proteomic analysis of
TTR expression showed that it was decreased in the serum of CRC patients with lymph node metastasis compared to those with non-metastatic CRC [17].
More than 90% of colorectal carcinomas are adenocarcinomas originating from epithelial cells of the colorectal mucosa. We examined TTR protein expression using
immunohistochemistry in normal colorectal tissues, colorectal adenomas, and colorectal adenocarcinoma tissues.

normal metabolism-related diseases were excluded from
the study. Cancer tissue samples were classified according to tumor-node-metastasis staging, cancer cell differentiation (grade), and metastases. In addition, cancer patients were also subdivided into four groups depending
on the depth of tumor invasion (T1, T2, T3, T4), three
groups depending on cancer cell differentiation (Grade
1, highly differentiated tumor; Grade 2, moderately differentiated; Grade 3; poorly differentiated) [18,19] and
two groups depending on the presence or absence of
metastases. Normal colorectal tissue from the same patient was obtained. The samples were taken during surgery at least 5 cm away from the tumor. Each patient
provided signed informed consent and the study was approved by the Ethics Committee of China-Japan Friendship Hospital (No. 2018-72-K52).
Immunohistochemistry
For immunohistochemical analysis, formalin-fixed, paraffin-embedded tissue sections (4 µm) were dried, deparaffinized, and rehydrated. Heat-mediated antigen retrieval was performed using steamer treatment for 20
minutes in Target Retrieval Solution (Dako S1699). The
slides were incubated with the monoclonal antibody
against TTR (rabbit anti-prealbumin antibody [EP2929Y]; Abcam, Cambridge, MA, USA) at a dilution of
1:200. Secondary antibody and chromogenic agent were
purchased from Roche Diagnostic Products Co., Ltd.
(Shanghai, China). Immunohistochemical staining was
carried out according to the manufacturer’s instructions,
and the corresponding negative and positive controls
were established. All pathological sections were read independently by two senior pathologists.
Assessment of TTR immunohistochemical staining
To determine TTR protein level in tissue samples, semiquantitative immunohistochemical detection was used.
In brief, cytoplasmatic immunoreactivity for TTR protein was scored by evaluating the percentage of positive
enterocytes or tumor cells and the staining intensity.
The percentage of positive cells was scored as follows:
“0” (negative staining, no positive cells), “1” (1 - 10%
of positive cells), “2” (11 - 50% of positive cells), “3”
(51 - 80% of positive cells), and “4” (81 - 100% of positive cells). Staining intensity was scored as “0” (no
staining), “1” (weakly stained), “2” (moderately stained), and “3” (strongly stained). The final TTR staining
scores were calculated by multiplying the two scores:
TTR staining scores = percentage of positive cells x
staining intensity. Both scores were determined under
double-blind conditions by two independent pathologists. TTR staining scores were classified as follows: 0 4, low TTR expression; and 5 - 12, high expression.

MATERIALS AND METHODS
Sample Characteristics
This study included 39 colorectal adenocarcinoma patients, 12 patients with colorectal adenomas, and 12
healthy individuals from the China-Japan Friendship
Hospital (Beijing, China) from September 2011 through
December 2012. All cancer patients underwent initial
surgery with no prior radiotherapy and chemotherapy.
Patients with a history of other malignant tumors or ab-

Statistical analysis
Software SPSS 16.0 was used for the statistical analysis. The difference in TTR expression between groups
(stage, grade, and metastases) was examined using oneway analysis of variance and Student’s t-test, after the
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validation of normal distribution and homogeneity of
variance. Two-tailed p < 0.05 was accepted as a statistically significant difference.

TTR expression in colorectal adenocarcinoma tissue
does not seem to be closely associated with local invasion
Tumor staging is by far the most important prognostic
predictor of clinical outcome for patients with colorectal
carcinoma. Histological examination of surgically resected specimens has an irreplaceable role in determining the depth of tumor invasion (T) [21]. In this study,
we stratified colorectal adenocarcinoma tissue patients
according to tumor stage (T1, T2, T3, and T4). High
TTR expression was detected in 14 (63.6%) of 22 stage
T1 and T2 patient samples, whereas only 7 (41.1%) of
17 stage T3 and T4 patients had high TTR expression.
This suggests that lower TTR expression was associated
with a more advanced stage of colorectal adenocarcinoma. However, TTR expression showed no statistically
difference in tumor stages.

RESULTS
TTR expression and TTR scores were significantly
increased in normal colorectal tissues, colorectal polyps, and colorectal adenocarcinoma
In our study, TTR was mostly localized in the cytoplasm. Compared with normal colorectal tissue and colorectal adenoma tissue, positive TTR staining was detected in only 16.7% (2/12) of normal colorectal tissues,
46.7% (7/15) of colorectal adenomas, and 89.7% (35/
39) of colorectal adenocarcinomas. The TTR staining
scores (mean ± SD) of normal colon tissues, colorectal
adenomas, and colorectal adenocarcinoma were 0.58 ±
0.34, 2.27 ± 0.49, and 5.40 ± 0.40, respectively (Table
1). A difference in TTR expression was observed between normal colon tissue and adenomas (p = 0.02).
The difference in TTR expression between colorectal
adenoma and colorectal adenocarcinoma tissues was also statistically significant (p = 0.03), as was the difference in TTR expression between normal colon tissue
and colorectal adenocarcinoma tissues (p = 0.002). High
TTR expression was detected in 66.7% of colorectal adenocarcinoma tissues. Furthermore, TTR expression in
colorectal adenocarcinoma tissue was 9.31-fold higher
than that in normal colorectal tissue. The protein expression in colorectal adenocarcinoma tissues was 2.38fold higher than that in colorectal adenoma tissue (Table
2).

Low TTR expression is associated with metastatic
colorectal adenocarcinoma
Early metastasis is an essential feature of malignant tumors [22]. Thus, identifying metastasis-related markers
is significant for tumor evaluation. Therefore, we assessed the association of TTR with metastatic colorectal
adenocarcinoma. In our study, 16.7% (3/18) of metastatic colorectal adenocarcinoma tissues had no TTR expression. In addition, metastatic colorectal adenocarcinoma had a lower TTR staining score, compared with
non-metastatic tumors (4.41 vs. 6.38, p = 0.043) (Figure
3).
DISCUSSION
Patient survival rate mostly depends on early tumor detection [23]. The adenoma-carcinoma theory has been
widely accepted as an explanation for the pathogenesis
of CRC [24]. It takes about 10 years from adenoma to
progress to CRC [25], which provides a favorable time
frame for prevention and screening. Fecal occult blood
tests, detection of tumor biomarkers, and endoscopic
check-ups are important methods of screening for CRC
[26]. Finding a new biomarker for the early detection of
CRC is necessary to improve the survival rate of patients. In recent years, many molecular biomarkers in
different biological samples reportedly correlate with
CRC development and progression. Indeed, DNA,
RNA, and protein biomarkers have all been used to diagnose this disease [27,28]. Still, the most widely used
biomarker for CRC is carcinoembryonic antigen (CEA).
However, CEA has low sensitivity, especially in earlystage patients [29]. In addition, carbohydrate antigen
19-9 (CA199), CA50, and CA724 are also used to establish clinical diagnosis [30]. Despite many types of
molecular biomarkers, very few specific biomarkers can
be used for the early clinical diagnosis and monitoring
of CRC. Our study showed that a progressive increase
in TTR staining score from normal colorectal tissue to
adenoma occurred during tumorigenesis of CRC. In ad-

TTR staining scores in colorectal adenocarcinoma
tissue are associated with tumor grade
The tumor grade is determined according to the degree
of differentiation, the size of atypia, and the number of
mitotic images. In recent years, the concise three-level
classification method has been widely used in pathological grading diagnosis [20]. Although this classification
method is significant for clinical treatment and prognosis, the lack of quantitative standards is greatly affected
by subjective factors. In our study, we used the TTR
staining scores and the results were related to tumor
grading. Our findings have shown that the lower the tumor grading, the higher the TTR staining scores. In our
study, G3 grade with a mean 8.40 had higher TTR
staining scores compared with G2 and G1 (p = 0.0009).
In addition, a difference in TTR expression was observed in G1 and G3 (p < 0.001) and G2 and G3 (p < 0.01).
Therefore, TTR staining scores may be a more objective
quantitative indicator to establish tumor grading standards (Figure 1).
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Table 1. Characteristics of patients with normal colorectal tissue and colorectal adenoma.
Variables

Normal colorectal tissue

Colorectal adenoma

Median age (range)

62 (43 - 78)

60.5 (46 - 83)

Men

9 (75%)

10 (66.7%)

Women

3 (25%)

5 (33.3%)

Gender, n (%)

Table 2. Characteristics of patients with colorectal adenocarcinoma.
Variables
Age
Gender
Site

Tumor Grade

T Stage

n (%)

TTR staining scores (mean ± SD)

Median (range)

67 (54 - 91)

men

27 (69.2%)

5.11 ± 0.59

women

12 (30.8%)

5.68 ± 1.12

right

16 (41%)

5.37 ± 0.85

left

23 (59%)

5.42 ± 0.68

G1

8 (20.5%)

3.25 ± 0.78

G2

24 (61.5%)

4.54 ± 0.46

G3

7 (18.0%)

8.40 ± 0.68

T1

10 (25.6%)

5.60 ± 0.97

T2

12 (30.8%)

6.00 ± 1.16

T3

9 (23.1%)

4.90 ± 1.12

T4

8 (20.5%)

5.08 ± 1.07

lymph node

8 (20.5%)

4.41 ± 0.62

liver

4 (10.2%)

metastatic sites

Metastasis

peritoneum

2 (5.1%)

lung

4 (10.2%)

none

21 (53.8%)

dition, in our study, TTR was positively correlated with
histological tumor grading [31], which may be used as
an effective indicator for early screening.
Conventional adenocarcinoma is characterized by glandular formation, which is the basis for histological tumor grading [31].The prognosis of patients with poorly
differentiated colorectal adenocarcinomas is typically
reported to be poor and more unfavorable than that of
those with well or moderately differentiated adenocarcinomas [32]. Poorly differentiated adenocarcinomas are
mostly solid with < 50% gland formation and high TTR
expression (mean score, 8.40) compared with well-differentiated adenocarcinoma, which have a > 95% gland
formation and mean TTR staining score of 3.25 (p <
0.001); and moderately differentiated adenocarcinoma,
which show 50 - 95% gland formation with a mean
TTR staining score of 4.54 (p < 0.001). The TTR stain-

6.38 ± 0.68

ing score results showed that TTR expression was
closely related to the degree of tumor differentiation, in
accordance with tumor evolution.
TTR expression is decreased in a variety of tumors
compared to the corresponding normal tissue, precancerous diseases, and early-stage tumors. In a recent
study, TTR was significantly lower in lung cancer sera
than in sera from normal individuals (p < 0.001), which
had a 78.5% sensitivity and 77.5% specificity for lung
cancer versus normal [33]. In another study, TTR expression in gastric tumors was lower than that of the benign lesions, which to a certain degree was correlated
with clinical stage, lymph node metastasis, and differentiation [34]. The mean levels of TTR in the serum
showed a tendency to decrease with the severity of
ovarian cancer and was lower in affected women whose
C-reactive protein levels were > 40 mg/mL [35], which
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Figure 1. TTR expression in normal colorectal tissue, colorectal adenomas, and colorectal adenocarcinoma tissues.
TTR immunostaining is mostly localized in the cytoplasm of enterocytes or tumor cells: (A) normal intestinal epithelium was almost negative,
(B) adenomas showed weakly positive staining, tubulovillous adenoma had high-grade intraepithelial lesions, and (C) staining of colorectal
adenocarcinomas was positive and more intense, moderately differentiated adenocarcinoma. (200 x magnification). (D) TTR expression level of
normal colorectal tissue (n = 12), colorectal adenomas (n = 12), and colorectal adenocarcinoma tissues (n = 39). Values are expressed as the
mean ± SD. ** p < 0.01, and **** p < 0.0001.

combined with CA125, can be monitored in early-stage
epithelial ovarian cancer [36]. Our previous study confirmed that the expression of TTR in CRC was downregulated in the serum, especially during the T4 stage,
whereas TTR was highly expressed in adenomas. In this
study, we found that TTR decreased in the CRC serum
as the tumor progressed. However, we did not find this
in the T stage of the colorectal adenocarcinoma tissue,
possibly due to the small sample size of the subgroup.
It is worth mentioning that metastatic colorectal adenocarcinoma has low TTR expression with a score of 4.41.
We also previously reported that the serum levels of
TTR in CRC patients are associated with lymph node
metastasis. Low TTR levels may be indicators for poor
prognosis among cancer patients in palliative care settings [37]. In a recent study, patients with NSCLC serum TTR levels < 22 mg/dL exhibited a worse overall
(p = 0.008) and recurrence-free survival (p = 0.027)
compared with those with serum TTR levels ≥ 22 mg/
dL [38]. Together, these results suggest that low TTR
expression in advanced tumors may indicate a poor
prognosis and can be used as a prognostic biomarker.
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According to these study results, TTR is continuously
increasing before or even early in the occurrence of malignant tumors, while TTR expression is significantly
decreased once metastasis occurs, similar to the study
results in serum. Current studies have shown that in patients with metastatic CRC, TTR expression is significantly reduced in tumor tissues or serum tests, which
may predict a poor prognosis. However, in terms of the
depth of invasion or the size of the tumor, the results of
serum and tissue were inconsistent and further studies
in large cohorts are needed. In conclusion, the continuous increase of TTR can assist in the diagnosis of adenoma and colorectal adenocarcinoma grading, and may
be useful for monitoring the status of early-stage tumors. Decreased TTR may predict disease progression
and poor prognosis. Based on these findings, we conclude that TTR has the potential to be used as a biomarker for the diagnosis and treatment of this disease.
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Figure 2. TTR expression is associated with histologic tumor grading.
(A) TTR is weakly expressed in the cytoplasm of some tumor cells of well-differentiated adenocarcinoma (G1). (B) The number of TTRexpressing tumor cells in moderately differentiated adenocarcinoma (G2) is close to that of well-differentiated adenocarcinoma (G1), but the
staining intensity is a little stronger. (C) Poorly differentiated adenocarcinoma tumor cells often showed diffuse strong TTR-positive staining
(G3). (200 x magnification). (D) TTR expression level of G1 (n = 8), G2 (n = 24), and G3 (n = 7). Values are expressed as the mean ± SD. ** p <
0.01, *** p < 0.001, ns indicates not significant.

Figure 3. TTR expression is associated with the presence of metastases in colorectal adenocarcinoma.
(A) In adenocarcinoma with G3 histological grade, more tumor cells expressed TTR and the staining intensity was strong in the cases without
metastasis; (B) the proportion of tumor cells expressing TTR was less in the metastatic cases and the staining intensity was slightly lower (400
x magnification). (C) TTR expression level of metastases (n = 18) and no metastases (n = 21). Values are expressed as the mean ± SD, * p <
0.05.

6

Clin. Lab. 3/2021

TRR is Associated with Colorectal Adenocarcinoma
13. Liu L, Sun S, Liu J, al. A new serum biomarker for lung cancertransthyretin. Zhongguo Fei Ai Za Zhi 2009;20:300-5.

Acknowledgment:
Not applicable.

14. Liu L, Wang J, Liu B, et al. Serum levels of variants of transthyretin down-regulation in cholangiocarcinoma. J Cell Biochem
2008 Jun 1;104:745-55 (PMID: 18275060).

Source of Funds:
No funding was received.

15. Luo H, Huang J, Zhu Z, Zhu P. Prognostic Value of Pretreatment
Serum Transthyretin Level in Patients with Gastrointestinal Cancers. Dis Markers 2019;2019:7142065 (PMID: 31275452).

Declaration of Interest:
The authors declare that they have no competing interests.

16. Fentz AK, Sporl M, Spangenberg J, et al. Detection of colorectal
adenoma and cancer based on transthyretin and C3a-desArg serum levels. Proteomics Clin Appl 2007 Jun;1:536-44 (PMID: 211
36704).
17. Zhao L, Liu Y, Sun X, Peng K, Ding Y. Serum proteome analysis
for profiling protein markers associated with lymph node metastasis in colorectal carcinoma. J Comp Pathol 2011 Feb-Apr;144:1
87-94 (PMID: 21074777).

References:
1.

Yu S, Shabihkhani M, Yang D, et al. Timeliness of adjuvant
chemotherapy for stage III adenocarcinoma of the colon: a measure of quality of care. Clin Colorectal Cancer 2013 Dec;12:2759 (PMID: 24188686).

2.

Wallace K, Sterba KR, Gore E, et al. Prognostic factors in relation to racial disparity in advanced colorectal cancer survival. Cli
n Colorectal Cancer 2013 Dec;12:287-93 (PMID: 24188687).

3.

Manfredi S, Bouvier AM, Lepage C, Hatem C, Dancourt V, Faivre J. Incidence and patterns of recurrence after resection for cure
of colonic cancer in a well defined population. Br J Surg2006 Sep
;93:1115-22 (PMID: 16804870).

4.

Benson AB, 3rd. Epidemiology, disease progression, and economic burden of colorectal cancer. J Manag Care Pharm 2007
Aug;13:S5-18 (PMID: 17713990).

5.

Palacio A, Calmels P, Genty M, Le-Quang B, Beuret-Blanquart F
Oncology and physical medicine and rehabilitation. Ann Phys Re
-habil Med 2009 Sep - Oct;52:568-78 (PMID: 19720573).

6.

Oldervoll LM, Loge JH, Paltiel H, et al. The effect of a physical
exercise program in palliative care: A phase II study. J Pain
Symptom Manage 2006 May;31:421-30 (PMID: 16716872).

7.

Dahele M, Skipworth RJ, Wall L, Voss A, Preston T, Fearon KC.
Objective physical activity and self-reported quality of life in patients receiving palliative chemotherapy. J Pain Symptom Manag
e2007 Jun;33:676-85 (PMID: 17360150).

8.

9.

18. Bosman FT CF, Hruban RH, et al., editors. WHO classification of
tumours of the digestive system. Lyon (France): International
Agency for Research on Cancer; 2010. (WHO classification of
tumours series, 4th ed.; vol. 3).
http://publications.iarc.fr/13
19. Nagtegaal ID, Odze RD, Klimstra D, et al. The 2019 WHO classification of tumours of the digestive system. 2020 Jan;76:182-8
(PMID: 31433515).
20. Yao T, Shiono S. Differences in the pathological diagnosis of colorectal neoplasia between the East and the West: Present status
and future perspectives from Japan. Dig Endosc 2016 Apr;28:306
-11 (PMID: 26295687).
21. Puppa G, Sonzogni A, Colombari R, Pelosi G. TNM staging system of colorectal carcinoma: a critical appraisal of challenging issues. Arch Pathol Lab Med 2010 Jun;134:837-52 (PMID: 205248
62).
22. Adwan H, Elharouni D, Habashy D, et al. Early Metastasis in Colorectal Cancer Poses an Option for New Diagnostic and Treatment Strategies.
https://www.intechopen.com/books/cancer-metastasis/early-meta
stasis-in-colorectal-cancer-poses-an-option-for-new-diagnostic-an
d-treatment-strategies.2018
23. Murakoshi Y, Honda K, Sasazuki S, et al. Plasma biomarker discovery and validation for colorectal cancer by quantitative shotgun mass spectrometry and protein microarray. Cancer Sci 2011
Mar;102:630-8 (PMID: 21199170).

Gunderson LL, Jessup JM, Sargent DJ, Greene FL, Stewart AK.
Revised TN categorization for colon cancer based on national
survival outcomes data. J Clin Oncol 2010 Jan 10;28:264-71
(PMID: 19949014).

24. Zarchy TM, Ershoff D. Risk of colorectal cancer in families of
patients with adenomatous polyps. N Engl J Med 1996 May 16;
334:1339-40 (PMID: 8609964).

Harrison HH, Gordon ED, Nichols WC, Benson MD. Biochemical and clinical characterization of prealbumin CHICAGO: an apparently benign variant of serum prealbumin (transthyretin) discovered with high-resolution two-dimensional electrophoresis.
Am J Med Genet 1991 Jun 15;39:442-52 (PMID: 1877623).

25. Singh H, Turner D, Xue L, Targownik LE, Bernstein CN. Risk of
developing colorectal cancer following a negative colonoscopy
examination: evidence for a 10-year interval between colonoscopies. Jama 2006 May 24;295:2366-73 (PMID: 16720822).

10. Santos CR, Anjos L, Power DM. Transthyretin in fish: state of
the art. Clin Chem Lab Med 2002 Dec;40:1244-9 (PMID: 125534
25).-

26. Burlefinger R, Ottenjann R. [Colorectal cancer-diagnosis, early
detection and staging]. Internist (Berl)1991 Jun;32:321-9 (PMID:
1880011).

11. Prapunpoj P, Leelawatwattana L. Evolutionary changes to transthyretin: structure-function relationships. Febs j 2009 Oct;276:53
30-41 (PMID: 19725883).

27. Notterman DA, Alon U, Sierk AJ, Levine AJ. Transcriptional
gene expression profiles of colorectal adenoma, adenocarcinoma,
and normal tissue examined by oligonucleotide arrays. Cancer Re
s2001 Apr 1;61:3124-30 (PMID: 11306497).

12. Lv S, Gao J, Zhu F, et al. Transthyretin, identified by proteomics,
is overabundant in pancreatic juice from pancreatic carcinoma
and originates from pancreatic islets. Diagn Cytopathol 2011 Dec
;39:875-81 (PMID: 20949480).

Clin. Lab. 3/2021

7

Bei Wang et al.
28. Friedman DB, Hill S, Keller JW, et al. Proteome analysis of human colon cancer by two-dimensional difference gel electrophoresis and mass spectrometry. Proteomics 2004 Mar;4:793-811
(PMID: 14997500).
29. Duffy MJ, van Dalen A, Haglund C, et al. Tumour markers in colorectal cancer: European Group on Tumour Markers (EGTM)
guidelines for clinical use. Eur J Cancer 2007 Jun;43:1348-60
(PMID: 17512720).
30. Han M, Liew CT, Zhang HW, et al. Novel blood-based, five-gene
biomarker set for the detection of colorectal cancer. Clin Cancer
Res 2008 Jan 15;14:455-60 (PMID: 18203981).
31. Fleming M, Ravula S, Tatishchev SF, Wang HL. Colorectal carcinoma: Pathologic aspects. J Gastrointest Oncol 2012 Sep;3:15373 (PMID: 22943008).
32. Komori K, Kanemitsu Y, Ishiguro S, et al. Clinicopathological
study of poorly differentiated colorectal adenocarcinomas: comparison between solid-type and non-solid-type adenocarcinomas.
Anticancer Res 2011 Oct;31:3463-7 (PMID: 21965762).
33. Liu L, Liu J, Dai S, et al. Reduced transthyretin expression in sera
of lung cancer. Cancer Sci 2007 Oct;98:1617-24 (PMID: 176835
10).
34. Wang M, Wang J, Jiang H. Diagnostic value of apolipoprotein CI, transthyretin and apolipoprotein C-III in gastric cancer. Oncol
Lett 2019 Mar;17:3227-32 (PMID: 30867753).
35. Gericke B, Raila J, Sehouli J, et al. Microheterogeneity of transthyretin in serum and ascitic fluid of ovarian cancer patients.
BMC Cancer 2005 Oct 17;5:133 (PMID: 16225703).
36. Clarke CH, Yip C, Badgwell D, et al. Proteomic biomarkers apolipoprotein A1, truncated transthyretin and connective tissue activating protein III enhance the sensitivity of CA125 for detecting
early stage epithelial ovarian cancer. Gynecol Oncol 2011 Sep;
122:548-53 (PMID: 21708402).
37. Miura T, Amano K, Shirado A, et al. Low Transthyretin Levels
Predict Poor Prognosis in Cancer Patients in Palliative Care Settings. Nutr Cancer 2018 Nov-Dec;70:1283-9 (PMID: 30663397).
38. Shimura T, Shibata M, Inoue T, et al. Prognostic impact of serum
transthyretin in patients with non-small cell lung cancer. Mol Clin
Oncol 2019 Jun;10:597-604 (PMID: 31031974).

8

Clin. Lab. 3/2021

