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ABSTRACT: Familial adenomatous polyposis (FAP), a common inherited form of colorectal cancer (CRC), causes the development of hundreds
to thousands of colonic adenomas in the colorectum beginning in early adolescence. In absence of a prophylactic surgery, FAP patients
almost inevitably develop CRC by the age of 40 to 50. The lack of valuable prognostic biomarkers for FAP patients makes it difficult to predict
when the progression from adenoma to malignant carcinoma occurs. Decreased tryptophan (TRP) plasma levels and increased indoleamine
2,3-dioxygenase 1 (IDO1) and tryptophan hydroxylase 1 (TPH1) enzymatic activities have been associated to tumour progression in CRC. In the
present study, we aimed at investigating whether an altered TRP metabolism might also exist in FAP patients. Our results highlighted that plasma
levels of TRP and its main catabolites are comparable between FAP patients and healthy subject. On the contrary, FAP patients presented
significantly higher TRP levels with respect to high-grade adenoma (ADE) subjects and CRC patients. Obtained data lead us to evaluate IDO1
and TPH1 enzymes activity in the study groups. For both enzymes, it was possible to discriminate correctly between FAP subject and ADE/CRC
patients with high sensitivities and specificities. By receiver operating characteristic (ROC) curve analysis, the cut-off values of IDO1 and TPH1
enzymatic activities associated to the presence of an active malignant transformation have been calculated as >38 and >5.5, respectively.
When these cut-off values are employed, the area under the curve (AUC) is > 0.8 for both, indicating that TRP metabolism in patients with FAP
may be used to monitor and predict the tumorigenic evolution.
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sporadic, from 2% to 5% of colon cancers have a hereditary. Positive gene testing Diagnosis ¢
A common inherited form of CRC is the Lynch Syndrome, 1
in which the affected individuals develop colonic adenomas Surveillance
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accelerates the tumorigenesis initiation. FAP patients U P
develop hundreds of adenomas in the colo-rectum beginning 1 Surgery ]
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in early adolescence! and almost inevitably develop CRC by
Colectomy ‘

the mean age of 40 to 50years (~100% of subjects). Similar _ . ' -

clinical features are present in the MutYH-Associated Figure 1.. Sc.hematllc representation of FAP patients’ management after
Polyposis (MAP), which is caused by the biallelic mutations ::Tagg:ri;:;(ﬂgg:g;:gus Polyposis.

in MUTYH gene.? Periodic surveillance by sigmoidoscopy/

colonoscopy and prophylactic surgery are the sole ways to

prevent CRC in these subjects.> However, several clinical (Figure 1). As a consequence thereof, premature colectomies
features may influence surgery scheduling and operative can cause an important loss of quality of life in absence of
management in FAP patients under active surveillance immediate risk.*
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A critical issue for improving management of FAP patients
is to understand when the progression from adenoma to malig-
nant carcinoma occurs. Indeed, in FAP individuals, CRC
screening by flexible sigmoidoscopy or colonoscopy begin
around age 10 to 12. During the screening, polyps number, size,
distribution, and histologies are tracked annually. However, the
high polyp number (>100) makes this endoscopic control
difficult.

For these reasons, the identification of new prognostic bio-
markers could represent a valuable possibility to replace colo-
noscopy in younger subjects and to postpone surgery without
increasing the CRC risk, finally improving the FAP patients’
life quality. In the search for new valuable prognostic biomark-
ers, mass spectrometry—based proteomics has been employed to
detect changes in tissue and plasma proteins>© or peptides’ cor-
related to disease progression. These studies seem promising
for monitoring, and potentially predicting, the malignant
transformation of polyps in FAP patients. In another study, the
serum proteomic profiles of pre- and post-celecoxib-treated
patients lead to the identification of several modulated proteins
in a FAP-celecoxib prevention trial.® Unfortunately, after the
initial discovery step, in all these studies no putative protein
biomarker has been validated for FAP disease progression
monitoring.

Recently, we have showed that changes occurred in the
tryptophan (TRP) metabolism in a cohort of CRC patients at
different tumour stages and in subjects at risk of developing
CRC (ie, high-grade adenoma (ADE) patients and ulcerative
colitis patients).” By monitoring TRP plasmatic levels and
those of its metabolites, we highlighted the importance of TRP
in CRC as a diagnostic marker of tumour progression. Indeed,
decreased TRP concentration and increased indoleamine
2,3-dioxygenase 1 (IDO1) and tryptophan hydroxylase 1
(TPH1) enzymatic activities were detectable in plasma sam-
ples concomitant to pre-cancerous lesion and persisted in CRC
patients at different stages (I-IV). Observed changes in the
circulating TRP levels are mainly driven by the IDOI overex-
pression at the tumour microenvironment®!! and directly cor-
related with the raising of circulating pro-inflammatory
cytokines and gamma-interferon.’? Under these conditions,
IDO1 activity drives CRC progression and directly supports
cancer cells growth by promoting the B-catenin activation and
stimulating neoplastic growth.1314 In addition, at stromal level,
TRP deletion exerts an immune modulatory action against the
infiltrate immune cells of both adaptive and innate tolerance,
giving rise to the so-called immune escape.’

In the present study, we aimed at investigating whether an
analogous pattern of TRP metabolism might exist in FAP
patients, and if it could be employed as prognostic biomarkers.
To do this, we analysed the plasma concentrations of TRP and
its metabolites kynurenine (KYN), 5-hydroxy-tryptophan
(5-HTP) and serotonin (5-hydroxytryptamine [5-HTY]) in 25
FAP patients. Obtained results were compared to those of

ADE and CRC described in our previous investigations (refer-
ence study)’ in order to determine if TRP metabolism in FAP
patients might be used to monitor and predict the tumorigenic
evolution.

Materials and Methods
Chemicals

L-tryptophan (TRP) was supplied by EGA-CHEMIE
(Steinheim/Albuch W. Germany); 5-HTDP, hydrochloride ser-
otonin (5-HT), and r-kynurenine sulphate salt (KYN) were
supplied by Sigma-Aldrich (Saint Louis, MO, USA). High
performance liquid chromatography (HPLC) grade acetoni-
trile was provided by Avator Performance Materials BV
(Deventer, Netherlands), analytical grade anhydrous potassium
hydrogen phosphate (K,HPO,) and potassium dihydrogen
phosphate (KH,PO,) were provided by Fluka Chemie (Buchs,
Switzerland).

Patients’ samples. FAP plasma patients’ samples (n=25) were
from the First Surgical Clinic of Padua Hospital (Ethical
Committee Approved Protocol Number: P448). FAP clinical
parameters are as follows: median age 33 (11-61, min-max);
sex: male=7, female=18; pathogenic gene mutation: in
APC=21,in MutYH=4. A subset of healthy subjects (n=5) was
included and analysed as control samples to verify the data
homogeneity with respect to the reference study.

Serum samples from FAP (n=4), ADE (n=6), and CRC
(n=8) were further obtained from the same institution for the
quantification of pro-inflammatory cytokines and chemokines.
Blood collection was performed using a DB Vacutainer® Blood
Collection Tube (Becton Dickinson and Company, Franklin
Lake, NJ, USA). Plasma was prepared by centrifuging 7mL of
peripheral blood at 3000 x 7pm for 10minutes at 4°C and
stored at -80°C until analysis.

TRP and metabolites quantification. Quantitative analysis of
TRP, 5-HTP, and 5-HT in plasma was performed according
to the reference study,’ using a LC-10AD coupled to a RF-
10AXL detector (Shimadzu Corporation, Kyoto, Japan). Exci-
tation and respective emission wavelengths were set at A =285
and 345nm, respectively. Chromatographic separation was
carried out using a Platinum EPS C18 5 um, 250 mm x 4.6
mm (Grace, Deerfield, IL, USA) column with an Alltech
RP-8 (25-40 um Lichroprep, Merck, Darmstadt, Germany) as
guard column. Analytes were eluted in isocratic mode with
acetonitrile and a 0.004 M phosphate buffer solution (15:85
v/v) at 1 mL/min flow rate.

Quantitative analysis of KYN was performed using the
LC-10AD coupled to a UV-VIS Detector Model SPD-10A
(Shimadzu Corporation, Kyoto, Japan). The absorbance wave-
length was set at A =360 nm. Chromatographic separation was
carried out at room temperature using a GraceSmart RP 18

column 5 um 250 mm x 4.6 mm of (Grace, Deerfield, IL, USA).
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Table 1. Data homogeneity verification with respect to the reference study.

CONTROLS (N=5) CONTROLS (N=30)2 P VALUE

MEDIAN (Q1; Q3)

MEDIAN (Q1; Q3)

TRP pg/mL 9.07 (7.08; 11.81) 10.25 (8.99; 11.46) 385
KYN ug/mL 0.43 (0.33; 0.45) 0.38 (0.28; 0.46) 587
5HTP pg/mL 0.05 (0.04; 0.06) 0.06 (0.04; 0.08) 153
5-HT pg/mL 0.04 (0.02; 0.07) 0.02 (0.01; 0.03) 057
IDO1 activity 40.35 (34.82; 57.18) 38.27 (29.27; 48.52) 436
TPH1 activity 5.09 (3.31; 6.16) 5.68 (3.96; 6.928) 564

Abbreviations: SHTP, 5-hydroxy-tryptophan; IDO1, indoleamine 2,3-dioxygenase 1; KYN, kynurenine; TPH1, tryptophan hydroxylase 1; TRP, tryptophan; 5-HT, serotonin
New recruited control samples have been compared to those previously analysed.
aData retrieved from the reference study.

Table 2. Plasma concentration of TRP and its metabolites in FAP, high-risk adenoma and colon cancer patients.

FAP (N=25) ADENOMA= (N=12) COLON CANCER= (N=41)

MEDIAN Q1;Q3 MEDIAN Q1;Q3 MEDIAN Q1;Q3 P VALUES
TRP pg/mL 8.23 719;10.18 7.34 5.44; 9.52 577 471,717 <.01b
KYN ug/mL 0.30 0.25; 0.34 0.35 0.28; 0.43 0.32 0.24; 0.40
5HTP pg/mL 0.03 0.03; 0.04 0.04 0.04; 0.06 0.05 0.04; 0.08 <.05¢ <.0015
5-HT pg/mL 0.01 0.01; 0.03 0.01 0.009; 0.01 0.01 0.01; 0.02

Abbreviations: FAP, familial adenomatous polyposis, 5SHTP, 5-hydroxy-tryptophan; KYN, kynurenine; TRP, tryptophan; 5-HT, serotonin
aHigh-grade adenoma (ADE) and colorectal cancer (CRC) data retrieved from the reference study.

5FAP vs ADE p value after Dunn’s Multiple Comparison Test
°FAP vs CRC p value after Dunn’s Multiple Comparison Test.

KYN elution was obtained using the same isocratic gradient
previously described.

Human inflammatory cytokines detection

Circulating cytokines were finally evaluated in serum plasma
samples by the MultiAnalyte ELISArray kit following the
manufacturer’ instructions (Qiagen, MEH-004A). Cytokines
evaluated were as follows: interleukin-1oe (IL1a), IL1B, IL2,
IL6, ILS, 1110, IL12, IL17A, interferon y (IFNy), tumour
necrosis factor o (TNFa), and granulocyte-macrophage col-
ony-stimulating factor (GM-CSF).

Statistical analysis. Statistical analysis was performed with
GraphPad Prism, version 5.00, 2007 (La Jolla, CA, USA). Nor-
mality of data was evaluated using the D’Agostino-Pearson
omnibus normality test, and parametric (or non-parametric) sta-
tistical analyses were completed accordingly. To evaluate the sen-
sitivity and specificity of IDO1 and TPH1 enzymes activity,
univariate receiver operating characteristic (ROC) curves were
employed, after the generation of the optimal cut-off points by
the Youden’s index. Data in the text and in tables are presented as
median and interquartile ranges (Q1, Q3) unless otherwise stated.

Results and Discussion

Data homogeneity with respect to the reference study’ was eval-
uated through the analysis of a new set of control samples
(Table 1). Obtained results were consistent with the previous
ones for all the analytes and the IDO1/TPH1 enzyme activi-
ties, as verified by Mann Whitney, confirming the absence of
any analytical bias between the two studies.

In Table 2, obtained results for FAP plasma samples are com-
pared to those previously obtained for adenomas (n=12) and for
CRC patients with the malignancy specifically located in the
colon (n=41). Indeed, we demonstrated that the anatomical site
of lesion significantly affects the TRP levels.” As compared with
colon cancer patients, FAP presented statistically significant dif-
ferences in TRP (P=0.001, Kruskal-Wallis) and 5-HTP
(P<0.001, Kruskal-Wallis) plasma concentrations. Indeed,
increased TRP concentrations were present in FAP patients
with respect to both ADE subjects and CRC patients, whilst
lower plasma 5-HTP concentrations were detected (Table 2).
Conversely, for both KYN and 5-HT, no changes were observa-
ble in the FAP-ADE-CRC comparison. These data are consist-
ent with the typical CRC-associated inflammation that actively
modulates the circulating levels of TRP, and its metabolites,
along the adenoma-—carcinoma sequence by means of an
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Figure 2. (Panel A) Box plots of IDO1 and TPH1 activities. Dunn’s Multiple Comparison Test, **: P<0.01; ***; P<0.001. (Panel B) ROC curves for IDO1

and TPH1 activities in FAP patients with respect to ADE (dashed line) and CRC (solid line) patients.
ADE, Adenoma; CRC, colorectal cancer; FAP, Familial Adenomatous Polyposis; IDO1, indoleamine 2,3-dioxygenase 1; ROC, receiver operating characteristic; TPH1,

tryptophan hydroxylase 1.

increased tissue IDOI expression.” Indeed, at the tumour
microenvironment, TRP metabolites are produced in presence of
an active inflammatory state and subsequently, they are shed into
the blood. Consequently, tumour progression produces detecta-
ble changes in plasma concentrations of TRP and IDO1/TPH1
tissue activities are easily calculated based on them. In our sam-
ples, the KYN/TRP*1000 ratio was calculated as an estimate of
IDO1 activity; similarly, 5-HTP/TRP*1000 ratio was calculated
as an estimate of TPHI activity. The activity of IDO1 and
TPH1 enzymes for FAP patients have been then compared to
those of subject presenting high-risk adenomas (ADE) and
CRC patients (Figure 2, panel A). Our results revealed a lower
IDO1 activity in FAP patients with respect to both ADE and
CRC (P<0.0001, Kruskal-Wallis) patients. Similarly, the results
we reported in Figure 2 (panel A) also highlight a decreased
TPH1 activity in FAP patients with respect to ADE and CRC
patients (FAP vs. CRC: P<<0.0001, Kruskal-Wallis).

TRP catabolism is a physiological mechanism controlling
excessive acute innate immune response at tissue level. Beside

this natural role, TRP catabolism is an important driving factor
in chronic inflammation and neoplastic progression.!7-1?
Indeed, inflammatory mediators (eg, IFN-y) induce the IDO1-
mediated TRP catabolism in tumours with a chronic inflam-
matory component, including CRC.2° Although FAP patients
develop precursor lesions in the form of adenomatous polyps
prior to malignant transformation to cancer, this disease is gen-
erally not associated with inflammatory syndromes.’® Recent
data in support of this view have been published, highlighting
that decrements in plasma levels of the very-long-chain dicar-
boxylic acid (28:4), a potent anti-inflammatory molecule, are
detectable in CRC patients, and not in FAP patients.?!

In order to verify whether inflammatory cytokines may be
associated to sporadic CRC and not to FAP, we performed the
simultaneous detection of pro-inflammatory cytokines (or
chemokines) in a new cohort of patients. To do this, IL1a, IL1p,
1L.2,1L6,1L.8,11.10,11.12, IL.17A, IFNy, TNFo, and GM-CSF
have been quantified in 50 pL of serum samples of ADE (n=6),
CRC (n=8), and FAP (n=4). Five cytokines (IL1a, IL8, IFNy,
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TNFa, and GM-CSF) were detectable in the samples analysed,
whereas the others were below the limit of detection for =75% of
the analysed samples. The acute phase cytokine tumour necrosis
factor (T'NFot) was present in a comparable amount in the three
groups under study (P=0.654 Kruskal-Wallis test). On the con-
trary, the GM-CSF was higher in ADE/CRC compared to FAP
patients (P<<0.05, Kruskal-Wallis test; ADE vs. FAP P<0.05,
Dunn’s post test). In addition, the three cytokines mediating the
systemic inflammation IL1a., IL8, and IFNy were consistently
detectable (ie, in at least 50% of samples) in the serum of ADE
and CRC subjects, but not in those of FAP patients. These results
seem to indicate that FAP patients are not characterized by an
acute or chronic inflammatory state, whereas ADE and CRC
patients present a certain degree of inflammation. Cytokines
analysis, even if performed in a small cohort of samples, is in line
with other studies in literature reporting increased levels of some
pro-inflammatory ILs, including IL1 and IL8, in CRC
patients.??%* Present results indicate the absence of an active TRP
metabolism in FAP patients under active surveillance before the
onset of adenoma—carcinoma sequence. However, the APC
mutation in FAP inevitability accelerates the tumorigenesis ini-
tiation, with the consequent establishment of the inflammation
and cancer cross-talk typical of sporadic CRC. Similar clinical
features are characteristic of the MutYH-Associated Polyposis
(MAP), which share also similar levels of TRP and its metabo-
lites. Indeed, we performed FAP patients’stratification according
to the germline mutation in APC or MUTYH genes. Statistical
differences have not been found in metabolites levels nor in the
IDO1/TPH1 enzymes activity (P> 0.2 for all).

Finally, the potential of IDO1 and TPH1 activities as prognos-
tic biomarker for FAP in terms of specificity and sensibility was
then evaluated by ROC curves (Figure 2, panel B). In order to
obtain the binary comparison that illustrates the ability of IDO1
or TPH1 activities in the classification of FAP people with respect
to ADE and CRC, the optimal cut-oft values were calculated by
the Youden’s index. For IDO1 enzymatic activity, the calculated
area under the curve (AUC) was, respectively, equal to 0.861 (ver-
sus ADE, cut-off value of 38.1) and 0.870 (versus CRC, cut-off
value of 40.6). Thus, the evaluation of IDO1 activity allows the
correct classification of FAP and ADE patients with sensitivity
and specificity of 92% and 71%, respectively. In a similar way, FAP
and CRC patients were correctly classified with sensitivity and
specificity of 81% and 83%, respectively. Comparable perfor-
mances were obtained by the TPH1 activity evaluation, with an
AUC of 0.803 (versus ADE, cut-off value of 5.46) and of 0.922
(versus CRC, cut-off value of 5.83). These performances ensure
sensitivities and specificities of 67% and 88% (versus ADE) and
85% and 92% (versus CRC), respectively.

Conclusion

The identification of prognostic biomarkers in FAP patients
might permit to replace—or at least postpone—colonoscopy in
younger subjects with less invasive assays and eventually delay

the surgery in absence of immediate risks. Nowadays, colonos-
copy still represent the gold standard technique for detecting
CRC and eventually, the introduction of biomarker capable to
highlight the onset of adenoma-carcinoma sequence, could
improve the FAP clinical surveillance. Indeed, these subjects
present a very high polyp number (>100) that makes an accu-
rate endoscopic control extremely difficult.

In the present study, we evaluated the TRP metabolism as a
possible source of prognostic marker for FAP patients. We
demonstrated the possibility to distinguish FAP, ADE, and
CRC patients based on IDO1 and TPH1 activity with high
sensitivities and specificities (up to 92%). Increased levels of
IL1a, IL8, IFNy, and GM-CSF suggest that these differences
in IDO1 and TPH1 activity may be related to the different
inflammatory state characterizing sporadic adenomas and
CRC, but not FAP subjects. Present study limitation is the
small population of FAP patients analysed with respect to the
CRC. However, this is inevitably due to the low disease preva-
lence (1-9/100°000) and the necessity to collect FAP samples
before the prophylactic surgery. Further efforts are then neces-
sary to collect new samples in order to verify whether an analo-
gous TRP metabolism ultimately occurs in also those FAP
patients who present CRC before the prophylactic surgery.
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