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Abstract

Cancer survivors show increased risk for non-communicable diseases and chronic low-

grade inflammation characterizes the development of such diseases. We investigated

inflammatory plasma protein profiles of survivors of childhood acute lymphoblastic

leukemia (ALL) in comparison to healthy controls and after an intervention with a

home-based exercise program. Survivors of childhood ALL aged 16–30 years (n =

21) with a median age at diagnosis 4.9 (1.6–12.9) years and a median time of 15.9

years from diagnosis, and sex- and age-matched healthy controls (n = 21) were stud-

ied. Stored plasma samples were analyzed with Olink’s 92-protein-wide Inflammation

panel in 21 ALL long-term survivors at baseline, after a previous 16-week home-based

exercise intervention (n=17) and in 21 age- and sex-matched controls at baseline. Pro-

tein expression levelswere comparedbetween the groups. Inflammatoryprotein levels

did not differ between the survivors and controls at baseline. Significantly reduced

levels after the intervention were found in 11 proteins related to either vascular

inflammation, insulin resistance, or both: tumor necrosis factor superfamily member

14 (TNFSF14), oncostatin M (OSM), monocyte chemoattractant protein 1 (MCP-1),

MCP-2, fibroblast growth factor 21 (FGF-21), chemokine (C-C motif) ligand 4 (CCL4),

transforming growth factor alpha (TGF-α), tumor necrosis factor-related apoptosis-

inducing ligand 10 (TRAIL), adenosine deaminase (ADA), chemokine (C-X-C motif)

ligand 6 (CXCL6), and latency-associated peptide transforming growth factor beta 1

(LAP TGF-β1). The ALL survivors were not significantly more affected by inflamma-

tion than controls at baseline. The survivors’ 16-week exercise intervention led to

Abbreviations: ADA, adenosine deaminase; ALL, acute lymphoblastic leukemia; BMI, bodymass index; CCL, chemokine (C-Cmotif) ligand; CCR, C-C chemokine receptor; CI, chronotropic

insufficiency; CVD, cardiovascular disease; CXCL, chemokine (C-X-Cmotif) ligand; FGF-21, fibroblast growth factor 21; IR, insulin resistance; LAP TGF-β1, latency-associated peptide transforming

growth factor beta 1;MCP, monocyte chemoattractant protein; MetS, metabolic syndrome; NOPHO, Nordic Society for Paediatric Haematology andOncology; NPX, Normalized Protein

eXpression; OSM, oncostatinM; TGF-α, transforming growth factor alpha; TGF-β, transforming growth factor beta; TNFSF14/LIGHT, tumor necrosis factor superfamily member 14;
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significant reduction in inflammatory protein levels. Physical exercise should be

promoted for survivors of childhood cancer.
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1 INTRODUCTION

Acute lymphoblastic leukemia (ALL) is themost commonmalignancy in

childhood with a 5-year survival rate of over 90% inmany high-income

countries [1, 2].Unfortunately, due toevermoreeffective and intensive

treatment protocols, the growing population of survivors tend to suf-

fer from serious acute and late adverse effects [3–6]. ALL survivors are

at an increased risk for premature development of non-communicable

diseases such as emerging metabolic syndrome (MetS) and cardiovas-

cular disease (CVD) [7]. Survivors of childhood ALL have recently been

shown to be able to complete amaximal cardiopulmonary exercise test

(i.e., achieve peak oxygen uptake [VO2], maximal oxygen consumption)

without being limited by their symptoms [8]. However, most of them

(65.7%) did not achieve their age-predicted heart rate maximum, and

some (6.9%) presented chronotropic incompetence (CI). In addition,

35.8% of the 216 ALL survivors studied were at high risk of develop-

ing CI [9]. CI is common in patients with CVD, as it produces exercise

intolerance and is an independent predictor of adverse cardiovascular

events and mortality [10]. In the St. Jude Lifetime Study Cohort, there

was evidence of exercise intolerance (VO2peak <85% of predicted) in

majority of the childhood cancer survivors [11]. Exercise intolerance

was significantlymore commonamong survivors than healthy controls,

and CI was associated with exercise intolerance whereas, for example,

an abnormal ejection fraction (<53%) was not [11]. Our previous study

also presented worse VO2peak in survivors of ALL than in healthy con-

trols [12], and especially the female survivors had inferior fitness and

physical activity levels, which is reported and discussed by others as

well [13, 14]. Especially, the female survivors of ALL have long been

known to have a higher risk of late cardiotoxic and other treatment-

related toxic effects than males [15, 16]. Because of previously partly

scarce data on the late effects of common Nordic ALL-treatment pro-

tocols used since 1986, we have studied in 2007–2008 the fitness [12]

and metabolic risk factors [17], as well as, endothelial [18] and cardiac

function [19], in a cohort of childhood ALL survivors and healthy con-

trols. The effect of a home-based exercise intervention on these factors

were studied as well among the survivors.

Chronic low-grade inflammation, a hallmark of aging, is widely

considered to be an underlying factor in the development of non-

communicable diseases [20–23]. Studies on epigenetics, telomere

length, and chronic inflammation have shown that ALL survivors are

in fact aging in an accelerated way [24–27]. Chronic inflammation can

be reduced by regular moderate exercise and the beneficial health

effects may be due to favorable epigenetic changes, as discussed in

a review article [28]. Protein expression studies, or expression pro-

teomics, have revealed that the changes that happen with aging in

one’s proteome correlate with the protein profiles in age-related dis-

eases, such as CVD [29]. Besides aging, elevated levels of inflammatory

proteins are also associated with excess adipose tissue and insulin

resistance (IR) [30, 31], which are considered catalysts in developing

the full spectrum ofMetS traits [32]. Tomitigate the inflammatory bur-

den, even a short 2-week high-intensity intermittent training program

has been shown to be effective in an overweight and obesemale cohort

[30]. Our home-based 16-week exercise intervention among long-term

childhood ALL survivors improved their cardiovascular health in gen-

eral andmore specifically improved IR and fitness (VO2peak), decreased

waist circumference [17], and improved attenuated left ventricle dias-

tolic function [19] as well as endothelial structure and function [18].

One review article highlighted the broad beneficial anti-inflammatory

effects of regular exercise training even after adjustment for potential

confounders such as body mass index (BMI), and indicated that habit-

ual exercise may be capable of delaying immune dysregulation and

immunosenescence, which is associated with aging [33]. In contrast,

harmful effects linked to extreme exercise training workloads exist as

well [28, 33], but childhood cancer survivors are not likely to partake in

extreme exercise as the majority of them report low levels of physical

activity [34, 35].

Few studies have used extensive proteomic panels of inflamma-

tion markers to explore the process of low-grade inflammation, and

even fewer have done so among ALL survivors. We have seen signs of

worse pulmonary and cardiovascular function in long-term childhood

ALL survivors compared to healthy controls, but no effect on humoral

metabolic risk factors. We had plasma samples stored from the origi-

nal study, andwe hypothesized that survivors of ALL have unbeneficial

inflammatory proteomes and that we can see an improvement in their

inflammatory proteome after exercise, which corresponds with the

clinical improvements already observed in our previous exercise inter-

vention [17]–[19].Hence, theaimof this studywas to fill this knowledge

gap regarding the humoral health and the inflammatory proteome by

investigating changes after ALL treatment compared to healthy con-

trols and explore the effects of the previous 16-week home-based

exercise intervention on the inflammatory proteome of survivors of

childhood ALL.

2 METHODS

This was an add-on study to a previous non-randomized controlled

intervention cohort study [17, 18], which had a cross-sectional first
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LÄHTEENMÄKI TAALAS ET AL. 3

F IGURE 1 Flow chart of the acute lymphoblastic leukemia (ALL) survivors’ inclusion in the original study [12]. Eligible ALL survivors were
identified from local files of the Nordic Society for Paediatric Haematology andOncology (NOPHO) database with the inclusion criteria of age
16–30 years, age at diagnosis≤16 years, treatment in Turku or Tampere University Hospital District, diagnosis made 1986 or later, treatment
according to the Nordic regimen [66], and first continuous remission without bone-marrow transplantation. Patients with Down’s syndromewere
excluded. A postal questionnaire was used to collect information from the non-participating cohort on, for example, how the participants represent
the whole cohort.

phasewith controls, and a second phase consisting of an exercise inter-

vention for ALL survivors. Controls did not partake in the intervention

because the original study focused on ways to improve the assumed

poor cardiovascular health of the survivors in light of such past reports,

andbecause itwaspractically challenging to accomplish. Storedplasma

samples from the original study in Turku, Finland, which compared the

cardiac and endothelial health in a cohort of ALL survivors and controls

in 2007–2008, were used in this study. The inclusion and exclusion cri-

teria and a flow chart of the survivors’ inclusion in the original study are

presented in Figure 1.

2.1 Study population and the exercise
intervention

The study population and the intervention have been previously

described [12, 17]. In brief, the population consisted of 21 (11 females)

long-term survivors of childhood ALL aged 16–30 years at the time

of the original study in 2007–2008. They were diagnosed with ALL

between 1986 and 1996 and treated according to the Nordic Soci-

ety for Paediatric Haematology and Oncology (NOPHO) ALL86 or

a later NOPHO protocol. Median age at diagnosis was 4.9 (range:

1.6–12.9) years and median time from diagnosis 15.9 (range: 11.3–

21.4) years. Healthy control subjects consisted of 21 (11 females) age-

and sex-matched siblings (5/21), friends (11/21), or other non-athletic

adolescents and adults (5/21). Four of the survivors and five of the con-

trols were active smokers and one of the controls used actively snuff

tobacco. Two survivors and three controls had a previous history of

regular smoking. One survivor smoked occasionally and three controls

had smoked occasionally. All the regular or previous regular smokers

among the survivors and the controls had smoked for 31.5 and 32.5

years in total, respectively. Alcohol drinking habits were similar in both

groups. Thirteen and 15 survivors and controls, respectively, drank

alcohol at least once a month, while five survivors and three controls

drank alcohol more seldom than once a month. Three persons in both

groups did not drink alcohol at all. At baseline, 21 ALL survivors and

21 age- and sex-matched controls underwent a physical examination

and provided blood samples. Seventeen of the 21 survivors completed

a home-based exercise intervention [18] of 16 weeks in mean (4/21

survivors dropped out before starting the intervention because they

felt that the test day was too demanding). The same parameters as at

baseline were collected for these 17 ALL survivors after completion of

the exercise intervention. Timing of the sampling and the survivors’ and

controls’ examination test days are presented in Figure 2.

The exercise program in 2007–2008 was developed by experts in

sports and exercisemedicine and exercise science. In brief, the subjects

were provided illustrated instructions for the home-based muscle-

training program and told to perform it three to four times per week.

This program consisted of eight exercises to strengthen gluteal and

lower limbmuscles, shoulders and upper limbmuscles, abdominalmus-

cles, and back muscles. The subjects were instructed to do as many

repeats as possible for each exercise and repeat the cycle three times

per session. They were also encouraged to do 30-min aerobic exercise

sessions of their own choice (e.g., walking, jogging, aerobics) at least
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4 LÄHTEENMÄKI TAALAS ET AL.

F IGURE 2 Flow chart of the study population and the exercise intervention as well as timing of the plasma sample collections and clinical
examinations on the first and second study days. aAn illustrated homemuscle-training program that included eight exercises to strengthen gluteal
and lower limbmuscles, shoulders and upper limbmuscles, abdominal muscles, and backmuscles. as many repeats as possible for each of the
exercises, and repeat the cycle three times per session. All the subjects were informed andmotivated similarly by one person. bThe subjects were
encouraged to undertake aerobic exercise of their own choice (e.g., walking, jogging, aerobics) at least three times per week for 30min per session
either as a warm-up for themuscle-training program or on separate days.

three times per week either as a warm-up or separate to the mus-

cle training. All subjects also received pedometers and information on

daily step goals tomotivate them to increase physical activity bymoni-

toring the steps taken. Further details have been described earlier [17].

Description of the intervention and the timing of the different stages of

the study are presented in Figure 2.

2.2 Proximity extension assay

In total, 59plasma samples stored inTurku and collected in 2007–2008

(n = 21 ALL survivors at baseline, n = 17 ALL survivors after the inter-

vention, and n= 21 controls at baseline) were analyzed for 92 proteins

related to inflammation using the Olink Target 96 Inflammation panel

(article number 95302, Olink Proteomics, Uppsala, Sweden) at the

Clinical Biomarkers Facility at SciLifeLab (Uppsala, Sweden). The sam-

ples were thawed, centrifuged, measured, and refrozen to -80◦C for

shipment from Turku to Uppsala according to the company’s instruc-

tions. The samples were transferred to a 96-well polymerase chain

reaction plate such that they were both randomized and de-identified.

All 59 samples passed quality control.

The concentrations of the proteins analyzed with the Inflamma-

tion panel are reported using a unit of relative quantification, which

means that the values cannot be compared between different proteins,

only between different samples. Because the reported concentrations

are relative, they cannot be compared to any clinical reference values,

only change of the concentration is relevant. This unit, called Normal-

ized Protein eXpression (NPX), is an arbitrary unit defined by Olink to

achieve minimal intra- and inter-assay variation. NPX is on a log2 scale

[36].

2.3 Statistical analysis

Inflammation panel data inNPX valueswere analyzed using two paired

t-tests, Benjamini–Hochberg method for p-value correction with 5%

false discovery rate, and a distribution boxplot (Figure S1) for outlier

analysis. p-Values <0.05 were considered statistically significant after

correction with the Benjamini–Hochberg method. A principal compo-

nent analysis plot (Figure S2) assessed possible outlier samples. No

outliers were found, and all 59 samples could be included in the paired

t-tests, which were performed to compare results of the ALL survivors

at baseline versus after intervention, andALL survivors at baseline ver-

sus controls. Only the 17 survivors who completed the assessment

both before and after the intervention were included in the paired t-

test between them. These analyses were performed using R version

3.6.1. forWindows [37]. For interpretation of results, clinical data from

the original study were utilized. The main outcomes of the already

earlier published, and now utilized, data are presented in Table S1. In

addition, Fischer’s exact test (SAS JMP Pro 16.0.0 for Windows) was
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LÄHTEENMÄKI TAALAS ET AL. 5

F IGURE 3 Volcano plot of the paired t-test between the acute lymphoblastic leukemia (ALL) survivors at baseline (N= 21) and the controls (N
= 21). No statistically significant differences in protein expression levels were found after correction with Benjamini–Hochbergmethod, which is
represented by all the proteins being presented as red dots, that is, the corrected p-values did not reach<0.05. The dotted line represents the
uncorrected significance threshold of 0.05. On the y-axis are log10 of p-values and on the x-axis is the log2 fold change between the two groups
where a positive fold change indicates a lower protein level in the survivors than in the controls.

used to compare the number of survivors and controls with regard to

smokinghistory (not smoking, smokingorusing snuff tobacco regularly,

history of previous regular smoking, and irregular smoking) and alcohol

consumption habits (alcohol use at least once amonth, alcohol use less

frequently than once amonth, and not using alcohol at all).

3 RESULTS

No statistically significant differences in the inflammatory protein con-

centrations at baseline between the long-term survivors of ALL and

their age- and sex-matched controls were observed (Figure 3). No sta-

tistically significant differences in the smoking or alcohol consumption

habits between the survivors at baseline and controls were identified

(p= 0.50 and 0.90, respectively).

However, a statistically significant change in the inflammatory pro-

tein profile of the 17 ALL survivors who completed the physical

exercise intervention was observed (Figure 4). Plasma concentra-

tions of 11 out of 92 analyzed proteins were significantly lower

post-intervention than at baseline among ALL survivors (Figures 5

and 6). In descending order of uncorrected statistical significance,

the 11 proteins included: tumor necrosis factor superfamily mem-

ber 14 (TNFSF14), oncostatin M (OSM), monocyte chemoattractant

protein 1 (MCP-1), MCP-2, fibroblast growth factor 21 (FGF-21),

chemokine (C-C motif) ligand 4 (CCL4), transforming growth factor

alpha (TGF-α), tumor necrosis factor-related apoptosis-inducing ligand

10 (TRAIL), adenosine deaminase (ADA), chemokine (C-X-C motif) lig-

and 6 (CXCL6), and latency-associated peptide transforming growth

factor beta 1 (LAP TGF-β1) (Table 1). The sizes of the protein lev-

els’ mean log2 fold change are presented in Table 1 as well and they

are seen on y-axes of the boxplots in Figures 5 and 6. Descriptions of

the functions of the 11 proteins are presented in Table S2. Our inter-

pretation of the mechanisms of function of these 11 proteins is that

TNFSF14, MCP-1, CCL4, TRAIL, ADA, and LAP TGF-β1 are involved in
vascular inflammation. OSM, MCP-2, TGF-α, and CXCL6 are likely to

have an association with endothelial dysfunction and some are mostly

or additionally involved in IR (MCP-1, FGF-21, TRAIL, and ADA) or

insulin metabolism (TNFSF14/LIGHT).

4 DISCUSSION

In the present study, we found a decrease in 11 proteins related to

either vascular inflammation, IR, or both after the exercise intervention

in long-term survivors of ALL. In the original study [17, 18], endothe-

lial dysfunction and IR were also significantly ameliorated after the

intervention.

At baseline, the long-term ALL survivors did not differ in their

plasma inflammatory protein levels compared to their age- and

sex-matched controls. This was unexpected in light of reports of

ALL survivors being at risk for inflammation [38]–[40] and acceler-

ated aging [24] and considering the diseases affiliated with these
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6 LÄHTEENMÄKI TAALAS ET AL.

F IGURE 4 Volcano plot of the paired t-test between the acute lymphoblastic leukemia (ALL) survivors at baseline (N= 17) and after
intervention (N= 17). The proteins with statistically significant changes (after Benjamini–Hochbergmethod correction) in expression level
between the two time points are labeled with names. The dotted line represents the uncorrected significance threshold of 0.05. On the y-axis are
log10 of p-values and on the x-axis is the log2 fold change between the two groups where a positive fold change indicates a decrease in the protein
level during the exercise intervention.

conditions, such asMetS [41]. Using an inflammatory protein panel this

wide, not many similar results have been reported earlier. Interpreta-

tion of the results is complicated by the fact that the survivors had

worse fitness (VO2peak) than the controls, but had similar levels of prior

physical activity compared to the controls in the original study [12].

In addition, the original study [12, 17] found no significant differences

in, for example, BMI, systolic blood pressure, fasting glucose, high-

density lipoprotein cholesterol, or triglycerides between the survivors

and controls at baseline (Table S1) and we found similar alcohol drink-

ing habits in the two groups and no statistically significant differences

in the smoking habits were found either. Anthracycline chemotherapy

has been shown to have a dose-dependent correlation with VO2peak

among survivors of ALL [8], which may be the explanation for poor

exercise capacity among ALL survivors, despite no inflammatory dif-

ferences between the survivors and controls. In the original study [12],

the ALL survivor cohort was found to be similar to unparticipating sur-

vivors in leukemia-related factors (treatment intensity and protocol)

and regarding, for example, self-reported BMI and level of physical

activity, which undermines the possibility of attributing this result to

an unrepresentative sample. The survivors of childhood ALLwere ado-

lescents and young adults (ages 16–30 years) at the time of the study,

so the lack of differences in protein expression levels at baseline com-

pared to healthy controls may be due to the long duration of time it

takes to develop a pathological disease state, such as MetS or CVD.

Rather than inflammatory factors, the original study’s observed worse

VO2peak in the survivors may also be explained by impairments in pul-

monary, autonomic andmuscle function, as suggestedby recent studies

[11]. Furthermore, the control group included seven of 21 overweight

(BMI> 25) subjects and the patient group included eight of 21 subjects

(Table S1), which likely narrows their proteomic differences. Ten of the

21 controls had a below-average physical condition compared to 16 of

21 in the patient group, when physical conditionwasmeasured as peak

oxygen uptake (VO2peak) in proportion to weight and classified by age

and gender reference values [17]. Additionally, a large inter-individual

variation in protein profiles compared to rather stable intra-individual

levels [42] may have led to a lack of power in the analysis between the

survivors and controls.

Of the 11 proteins that improved after the exercise interven-

tion, TNFSF14/LIGHT decreasedmost significantly during the exercise

intervention compared to baseline. This protein has been found to be

involved in endothelial inflammation [43] and impaired insulin secre-

tion [44]. The ALL survivors had a significant improvement in their

endothelial function as measured by the left common carotid artery

intima media thickness and flow-mediated dilation of the left brachial

artery in the original study [18]. Our findings support the perception of

LIGHT being involved in endothelial inflammation and atherogenesis,

and that increased exercise may decrease these vascular pathologies.

The survivors’ insulinmetabolism, that is IR, improved during the inter-

vention and the decrease in LIGHT expression levels is in line with the

improvement seen in insulin metabolism.

The function of the protein OSM is not well defined. Regard-

ing its pro-inflammatory versus anti-inflammatory effects, more
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LÄHTEENMÄKI TAALAS ET AL. 7

F IGURE 5 Boxplots of the six proteins with themost significant changes in protein expression levels following paired t-tests between p1
(acute lymphoblastic leukemia [ALL] survivors at baseline,N= 17) and p2 (ALL survivors after intervention,N= 17). Normalized Protein
eXpression (NPX) is the unit on all of the y-axes and colors denote sample type (p1 or p2) on the x-axes. NPX is in log2 scale and it is used only for
relative quantification and the values, as such, can only be compared for the same protein across different samples analyzed in one project. The
levels of all six proteins decreased during the exercise intervention. Protein names and their Olink identification numbers are displayed above the
boxplots.

documentation of the pro-inflammatory effects exists in humans, at

least when it comes to vascular injury [45]. Endothelial cells express

high levels of OSM receptors, making them one of the primary target

cells for OSM, which is suggested to have an indirect ability to increase

vascular permeability and perivascular infiltration of immune cells at

the sites of tissue damage [45]. The decrease in OSM during the inter-

vention further supports its role as pro-inflammatory in endothelial

inflammation.

MCP-1 plays a role in endothelial dysfunction caused by inflam-

mation [46], and significantly elevated levels have been reported

in obese insulin-resistant adults [47]. The decrease in MCP-1 is in

agreement with the clinical findings of the original study [17] in

both these regards. MCP-2/CCL8 is known to inhibit the chemo-

tactic activity of MCP-1 [46], whose levels decreased during the

intervention. The mechanisms by which MCP-2 levels decreased

during the intervention are not as clear, but they are likely to

be related to attenuated inflammation and linked to the decrease

seen in MCP-1 [48]. Though, even MCP-2 has recently been shown

to be present in the endothelium of advanced human carotid

plaques [49] suggesting its involvement in endothelial dysfunction,

too.

We found support for the survivors’ improved insulin metabolism

even through FGF-21, whose plasma expression levels decreased dur-

ing the intervention. This cytokine is related to IR and MetS even in

pediatric populations [47] with elevated levels suggesting resistance

to it. Even involvement in β-cell failure has been suggested [47]. Due

to the cytokine’s stimulatory role in glucose uptake, there have been

promising findings in the form of dyslipidemia improving outcomes

from several of the clinical trials that are developing long-acting FGF-

21 analogs [50]. Altogether, the literature indicates that FGF-21 in

humans is an insulin-dependent hormone with primarily postprandial

release in addition to exercise-induced release from mainly the liver

[50]. In keeping with our MCP-1 data and the original study’s sig-

nificantly reduced IR, the exercise program led to reduced levels of

FGF-21, which is in alignment with a reported positive correlation

between plasma insulin and FGF-21 levels [51].

The recurring association between a marker of vascular inflam-

mation (Table S2) and the improvement in our survivors’ endothelial
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8 LÄHTEENMÄKI TAALAS ET AL.

F IGURE 6 Boxplots of the other five proteins with statistically significant changes in protein expression levels following paired t-tests
between p1 (acute lymphoblastic leukemia [ALL] survivors at baseline,N= 17) and p2 (ALL survivors after intervention,N= 17). Normalized
Protein eXpression (NPX) is the unit on all of the y-axes and colors denote sample type (p1 or p2) on the x-axes. NPX is in log2 scale and it is used
only for relative quantification and the values, as such, can only be compared for the same protein across different samples analyzed in one project.
The levels of all five proteins decreased during the exercise intervention. Protein names and their Olink identification numbers are displayed above
the boxplots.

function was seen in the case of CCL4, too, as its levels decreased

during the intervention. A study on children with untreated pri-

mary hypertension also discovered CCL4/macrophage inflammatory

protein-1-beta to be significantly elevated when compared to healthy

peers [52]. Furthermore, patients with MetS have also been reported

to have significantly elevated levels of CCL4 and its receptor C-C

chemokine receptor 5 (CCR5) [53]. The same study reported both

CCL4 andCCR5 levels to significantly reduce in response to a low-dose

statin treatment, of which the former’s reduction has been reported by

others as well [54], albeit in a cohort of patients with coronary artery

disease.

It might be that TGF-α has no direct association with endothelial

dysfunction or CVD (Table S2), but the significantly lowered levels of

the protein in our study during the intervention could be explained

indirectly via its effects on other inflammatory proteins [55, 56].

Our survivorshadalso lowerplasmaexpression levels ofTRAILafter

the intervention than at baseline. TRAIL has previously been suggested

to have a protective role in endothelial dysfunction [57] and in ischemic

vascular diseases based on clinical evidence [58], but opposite effects

of TRAIL have also been reported [59, 60]. Forde et al. [61] reviewed

both the protective and pro-atherogenic results on TRAIL and con-

cluded thatTRAILhas pleiotropic effects on the vasculature.We report

a decrease in TRAIL levels in childhoodALL survivors after the exercise

intervention, suggesting that in young subjects TRAIL levels decrease

when endothelial dysfunction is alleviated. Based on previous litera-

ture and our results, our hypothesis is that TRAIL has different roles

at different stages of atherosclerosis.

We saw as well a significant reduction in the levels of ADA from

baseline to post-intervention, which is in line with the significant evi-

dence of adenosine being involved in vascular barrier dysfunctions and

endothelial dysfunction (Table S2). How to affect adenosine pharma-

cologically in the context of CVD has been previously discussed [62]

and clopidogrel is already an established example of a drug affecting

the purinergic metabolism. Instead, we exhibit evidence of our previ-

ous 16-week exercise program affecting this metabolism in the form

of lowered levels of ADA without any medication. Additionally, recep-

tor inhibitors ofADA, dipeptidyl peptidase-4 inhibitors, are established

anti-diabetics.
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TABLE 1 Corrected and uncorrected p-values of the 11 proteins with significantly changed expression levels after the intervention

Protein

Corrected

p-value
Uncorrected

p-value
Log2 fold change

(95%CI)

TNFSF14/LIGHT 0.0069 0.000169 0.57 (0.32–0.81)

OSM 0.0069 0.000209 0.92 (0.51–1.32)

MCP-1/CCL2 0.0069 0.000278 0.36 (0.20–0.53)

MCP-2/CCL8 0.0069 0.000322 0.30 (0.16–0.43)

FGF-21 0.0069 0.000375 1.10 (0.58–1.62)

CCL4/MIP-1-β 0.0093 0.000608 0.43 (0.21–0.64)

TGF-α 0.0202 0.0018 0.32 (0.14–0.50)

TRAIL/TNFSF10 0.0202 0.00182 0.34 (0.15–0.54)

ADA 0.0202 0.00198 0.48 (0.20–0.75)

CXCL6 0.0227 0.00247 0.38 (0.16–0.61)

LAP TGF-β1 0.0290 0.00347 0.38 (0.14–0.61)

Note: p-Values <0.05 after correction with the Benjamini–Hochberg method were considered statistically significant. The sizes of the protein levels’ mean

change in log2 scale with 95% confidence intervals (CI). A difference of 1 equates to halving of the protein level.

Abbreviations: ADA, adenosine deaminase; CCL, chemokine (C-C motif) ligand; CXCL, chemokine (C-X-C motif) ligand; FGF-21, fibroblast growth fac-

tor 21; LAP TGF-β1, latency-associated peptide transforming growth factor beta 1; MIP-1-β, macrophage inflammatory protein-1-beta; MCP, monocyte

chemoattractant protein; OSM, oncostatin M; TGF-α, transforming growth factor alpha; TNFSF14/LIGHT, tumor necrosis factor superfamily member 14;

TRAIL/TNFSF10, tumor necrosis factor-related apoptosis-inducing ligand 10.

No studies on endothelial dysfunction and CXCL6 seem available in

the literature (Table S2), but our results showing significantly reduced

levels of CXCL6 during the intervention suggest it may have a role

as a biomarker of endothelial inflammation, as the endothelial func-

tion had improved at the post-intervention phase. A very recent study

[63] shows CXCL6 to be a new specific marker for cardiosphere-

derived cells which are cells with characteristics of inflammatory cells.

They are found in human cardiac biopsies and have disease-modifying

capabilities in, for example, cardiac conditions.

TGF-β has been suggested to regulate atherogenesis even in

humans, and in animals it is reported to have anti-atherosclerotic

properties, mainly through inhibition of T cells with atherosclerotic

functions, but possibly even by directly regulating endothelial cells and

macrophages among other cell types [64]. We found the plasma LAP

TGF-β1 expression levels to be significantly lower after the exercise

program than before it, which indicates an increase in the active form

(TGF-β1) as the latent form (Table S2) reduced. Thus, we suggest TGF-β
to be active in resolving endothelial inflammation. The active formwas

not measured in this study.

In summary, the long-term survivors of ALL did not have any dif-

ferences in their inflammatory burden compared to their peers in our

cohort of 21 former patients and 21 healthy controls. Instead, a home-

based 16-week exercise intervention resulted in reduced expression

profiles of low-grade inflammation biomarkers in the plasma of 17 ALL

survivors who had completed the program. The 11 proteins that were

significantly decreased in this study are involvedmost often in vascular

inflammation, like in the case of TNFSF14, MCP-1, CCL4, TRAIL, ADA,

and LAP TGF-β1. Some of the identified proteins do not have a clear

role in endothelial inflammation, but we considerOSM,MCP-2, TGF-α,
and CXCL6 to have an association with endothelial dysfunction when

the proteomic results are considered together with our clinical data

(Table S1). Some of the proteins were found to be mostly or addition-

ally related to IR, like in the case ofMCP-1, FGF-21, TRAIL, andADA, or

insulin metabolism in the case of TNFSF14/LIGHT. Although the roles

of someof the identifiedproteinsweremoredifficult to interpret based

on available data, the observed changes in their plasma expression

levels after the intervention reflect a healthier inflammatory profile.

Despite the fact that no change was observed in some proteins

related to endothelial inflammation (such as fractalkine/chemokine (C-

X3-Cmotif) ligand 1, colony stimulating factor-1, or hepatocyte growth

factor) following completion of the intervention, we can state that a

home-based exercise program does alleviate cardiovascular pathology

on a biomarker level in a population with similar baseline inflamma-

tory profiles as its healthy peers. We consider there to be room to

increase the number of not only randomized controlled trials, but

even these types of exploratory studies among ALL survivors as the

population is at risk for premature morbidity, exercise is a potential

modifier of this risk, and the population can benefit from poten-

tial early detection of localized pathologies which precede systemic

effects.

Limitations of this study were the relatively small sample size and

drop-out of four subjects before completion of the intervention. The

lack of controlled diet was also a limitation as high-fat diets have been

shown to influence systemic low-grade inflammation [65] and not hav-

ing controlled the exact alcohol consumption amounts might have also

contributed to the lack of differences in survivors versus controls. If

we had had the possibility to compare changes in the controls after an

exercise intervention, it could have helped verify some of the inflam-

matory changes that we saw in the survivors, but also provide further

base formaking conclusions about the survivors’ initial health, as it now

seems to have been similar to the healthy controls’ at baseline, at least

regarding their inflammatory profiles. Furthermore, five subjects had
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received cranial irradiation, leading to a heterogeneity of the survivor

group.

Future studies should involve larger sample sizes for greater sta-

tistical power and additional interventions to reduce the burden of

low-grade inflammation on these young adults. Studies with more

recently treated patients should also be performed to better evaluate

the potential consequences of today’s more intensive chemotherapy-

only treatment on ALL survivors’ inflammatory profiles compared to

their healthy peers. The improvements seen in inflammatory protein

profiles after our previous exercise intervention further emphasize the

role of exercise in mitigating the inflammatory state and risk of CVD

among survivors of ALL. We would like to suggest that these kinds of

positive effects following exercise could be achieved by the general

public as well, as the survivors’ inflammatory profiles did not differ

from their controls’ profiles at baseline.

ACKNOWLEDGMENTS

This work was supported by grants from Mary Béve’s Childhood

Cancer Research Foundation and Turku University Hospital Research

Foundation (both to Tuomas Lähteenmäki Taalas).

CONFLICTS OF INTEREST

The authors declare they have no conflicts of interest. A preprint of

this article’s previous version is published with DOI 10.21203/rs.3.rs-

961004/v1 on Research Square.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ETHICS STATEMENT

This add-on study falls under the original study’s ethical permission

from the Commission on Ethics of Southwest Finland Hospital District

(reference number 45/2007) and was performed in accordance with

the Declaration of Helsinki.

PATIENT CONSENT STATEMENT

Written informed consent from each participant was obtained as part

of the original study.

ORCID

Tuomas Lähteenmäki Taalas https://orcid.org/0000-0002-5243-

0382

Liisa Järvelä https://orcid.org/0000-0002-2168-3635

ArjaHarila-Saari https://orcid.org/0000-0003-2767-5828

REFERENCES

1. Schmiegelow K, Forestier E, Hellebostad M, Heyman M, Kristinsson

J, Söderhäll S, et al. Long-term results of NOPHO ALL-92 and ALL-

2000 studies of childhood acute lymphoblastic leukemia. Leukemia.

2010;24(2):345–54. https://doi.org/10.1038/leu.2009.251

2. Hunger SP, Lu X, DevidasM, Camitta BM, Gaynon PS,Winick NJ, et al.

Improved survival for childrenandadolescentswithacute lymphoblas-

tic leukemia between 1990 and 2005: a report from the children’s

oncology group. J ClinOncol. 2012;30(14):1663–9. https://doi.org/10.

1200/JCO.2011.37.8018

3. Toft N, Birgens H, Abrahamsson J, Griskevicius L, Hallböök H,

Heyman M, et al. Toxicity profile and treatment delays in NOPHO

ALL2008—comparing adults and children with Philadelphia

chromosome-negative acute lymphoblastic leukemia. Eur J Haematol.

2016;96(2):160–9. https://doi.org/10.1111/ejh.12562

4. Vetsch J, Wakefield CE, Robertson EG, Trahair TN, Mateos MK,

Grootenhuis M, et al. Health-related quality of life of survivors of

childhood acute lymphoblastic leukemia: a systematic review. Qual

Life Res. 2018;27(6):1431–43. https://doi.org/10.1007/s11136-018-

1788-5

5. Dixon SB, Chen Y, Yasui Y, Pui C-H, Hunger SP, Silverman LB, et al.

Impact of risk-stratified therapy on health status in survivors of child-

hood acute lymphoblastic leukemia: a report from the childhood can-

cer survivor study. Cancer Epidemiol Biomark Prev. 2022;31(1):150–

60. https://doi.org/10.1158/1055-9965.EPI-21-0667

6. Bhakta N, Liu Q, Ness KK, Baassiri M, Eissa H, Yeo F, et al. The cumula-

tive burden of surviving childhood cancer: an initial report from the St.

Jude LifetimeCohort Study (SJLIFE). Lancet. 2017;390(10112):2569–

82. https://doi.org/10.1016/S0140-6736(17)31610-0

7. ArmstrongGT,OeffingerKC,ChenY,KawashimaT,YasuiY, Leisenring

W, et al. Modifiable risk factors and major cardiac events among adult

survivors of childhood cancer. J Clin Oncol. 2013;31(29):3673–80.

https://doi.org/10.1200/JCO.2013.49.3205

8. Caru M, Laverdière C, Lemay V, Drouin S, Bertout L, Krajinovic M,

et al. Maximal cardiopulmonary exercise testing in childhood acute

lymphoblastic leukemia survivors exposed to chemotherapy. Support

Care Cancer. 2021;29(2):987–96. https://doi.org/10.1007/s00520-

020-05582-y

9. Bertrand É, Caru M, Lemay V, Andelfinger G, Laverdiere C, Krajinovic

M, et al. Heart rate response and chronotropic incompetence during

cardiopulmonary exercise testing in childhood acute lymphoblas-

tic leukemia survivors. Pediatr Hematol Oncol. 2021;38(6):564–80.

https://doi.org/10.1080/08880018.2021.1894279

10. Brubaker PH, Kitzman DW. Chronotropic incompetence: causes,

consequences, and management. Circulation. 2011;123(9):1010–20.

https://doi.org/10.1161/circulationaha.110.940577

11. Ness KK, Plana JC, Joshi VM, Luepker RV, Durand JB, GreenDM, et al.

Exercise intolerance, mortality, and organ system impairment in adult

survivors of childhood cancer. J ClinOncol. 2020;38(1):29–42. https://

doi.org/10.1200/JCO.19.01661

12. Järvelä LS, Niinikoski H, Lähteenmäki PM, Heinonen OJ, Kapanen J,

Arola M, et al. Physical activity and fitness in adolescent and young

adult long-term survivors of childhood acute lymphoblastic leukaemia.

J Cancer Surviv. 2010;4(4):339–45. https://doi.org/10.1007/s11764-

010-0131-0

13. CaruM, SamoilenkoM,Drouin S, LemayV, Kern L, Romo L, et al. Child-

hood acute lymphoblastic leukemia survivors have a substantially

lower cardiorespiratory fitness level than healthy canadians despite

a clinically equivalent level of physical activity. J Adolesc Young Adult

Oncol. 2019;8(6):674-683. https://doi.org/10.1089/jayao.2019.0024

14. Caru M, Curnier D. Sex and gender considerations after surviving

acute lymphoblastic leukemia: an exercise oncology context. J Adolesc

Young Adult Oncol. 2020;9(3):441-4. https://doi.org/10.1089/jayao.

2019.0137

15. Lipshultz SE, Lipsitz SR, Mone SM, Goorin AM, Sallan SE, Sanders

SP, et al. Female sex and higher drug dose as risk factors for

late cardiotoxic effects of doxorubicin therapy for childhood can-

cer. N Engl JMed. 1995;332(26):1738-1744. https://doi.org/10.1056/

NEJM199506293322602

16. Meeske KA, Ji L, Freyer DR, Gaynon P, Ruccione K, Butturini

A, et al. Comparative toxicity by sex among children treated for

acute lymphoblastic leukemia: a report from the children’s oncology

group: acute toxicities among male and female patients with ALL.

 26886146, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jha2.588 by U

niversity of T
urku, W

iley O
nline L

ibrary on [08/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-5243-0382
https://orcid.org/0000-0002-5243-0382
https://orcid.org/0000-0002-5243-0382
https://orcid.org/0000-0002-2168-3635
https://orcid.org/0000-0002-2168-3635
https://orcid.org/0000-0003-2767-5828
https://orcid.org/0000-0003-2767-5828
https://doi.org/10.1038/leu.2009.251
https://doi.org/10.1200/JCO.2011.37.8018
https://doi.org/10.1200/JCO.2011.37.8018
https://doi.org/10.1111/ejh.12562
https://doi.org/10.1007/s11136-018-1788-5
https://doi.org/10.1007/s11136-018-1788-5
https://doi.org/10.1158/1055-9965.EPI-21-0667
https://doi.org/10.1016/S0140-6736(17)31610-0
https://doi.org/10.1200/JCO.2013.49.3205
https://doi.org/10.1007/s00520-020-05582-y
https://doi.org/10.1007/s00520-020-05582-y
https://doi.org/10.1080/08880018.2021.1894279
https://doi.org/10.1161/circulationaha.110.940577
https://doi.org/10.1200/JCO.19.01661
https://doi.org/10.1200/JCO.19.01661
https://doi.org/10.1007/s11764-010-0131-0
https://doi.org/10.1007/s11764-010-0131-0
https://doi.org/10.1089/jayao.2019.0024
https://doi.org/10.1089/jayao.2019.0137
https://doi.org/10.1089/jayao.2019.0137
https://doi.org/10.1056/NEJM199506293322602
https://doi.org/10.1056/NEJM199506293322602


LÄHTEENMÄKI TAALAS ET AL. 11

Pediatr Blood Cancer. 2015;62(12):2140–9. https://doi.org/10.1002/

pbc.25628

17. Järvelä LS, Kemppainen J, Niinikoski H, Hannukainen JC, Lähteenmäki

PM, Kapanen J, et al. Effects of a home-based exercise program on

metabolic risk factors and fitness in long-term survivors of childhood

acute lymphoblastic leukemia. Pediatr Blood Cancer. 2012;59(1):155-

160. https://doi.org/10.1002/pbc.24049

18. Järvelä LS, Niinikoski H, Heinonen OJ, Lähteenmäki PM, Arola M,

Kemppainen J. Endothelial function in long-term survivors of child-

hood acute lymphoblastic leukemia: effects of a home-based exercise

program. Pediatr Blood Cancer. 2013;60(9):1546-1551. https://doi.

org/10.1002/pbc.24565

19. Järvelä LS, Saraste M, Niinikoski H, Hannukainen JC, Heinonen OJ,

Lähteenmäki PM, et al. Home-based exercise training improves left

ventricle diastolic function in survivors of childhood ALL: a tissue

Doppler and velocity vector imaging study. Pediatr Blood Cancer.

2016;63(9):1629-1635. https://doi.org/10.1002/pbc.26051

20. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin

BA, et al. Diagnosis and management of the metabolic syndrome: an

AmericanHeart Association/NationalHeart, Lung, andBlood Institute

Scientific Statement. Circulation. 2005;112(17):2735-2752. https://

doi.org/10.1161/circulationaha.105.169404

21. Rodier F, Campisi J. Four faces of cellular senescence. J Cell Biol.

2011;192(4):547-556. https://doi.org/10.1083/jcb.201009094

22. Franceschi C, Campisi J. Chronic inflammation (inflammaging) and its

potential contribution to age-associated diseases. J Gerontol A Biol

Sci Med Sci. 2014;69(suppl 1):S4–9. https://doi.org/10.1093/gerona/

glu057

23. López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. The

hallmarks of aging. Cell. 2013;153(6):1194-1217. https://doi.org/10.

1016/j.cell.2013.05.039

24. AriffinH, AzananMS,AbdGhafar SS,Oh L, LauKH, ThirunavakarasuT,

et al. Young adult survivors of childhood acute lymphoblastic leukemia

show evidence of chronic inflammation and cellular aging: inflam-

maging in childhood CA survivors. Cancer. 2017;123(21):4207-4214.

https://doi.org/10.1002/cncr.30857

25. ZhangY,Gundelach J, Lindquist LD, BakerDJ, VanDeursen J, BramRJ.

Chemotherapy-induced cellular senescence suppresses progression

ofNotch-driven T-ALL. PLoSOne. 2019;14(10):e0224172. https://doi.

org/10.1371/journal.pone.0224172

26. Song N, Li Z, Qin N, Howell CR, Wilson CL, Easton J, et al.

Shortened leukocyte telomere length associates with an increased

prevalence of chronic health conditions among survivors of child-

hood cancer: a report from the St. Jude Lifetime Cohort. Clin

Cancer Res. 2020;26(10):2362-2371. https://doi.org/10.1158/1078-

0432.CCR-19-2503

27. DongQ, SongN, QinN, Chen C, Li Z, Sun X, et al. Genome-wide associ-

ation studies identify novel genetic loci for epigenetic age acceleration

among survivors of childhood cancer. Genome Med. 2022;14(1):32.

https://doi.org/10.1186/s13073-022-01038-6

28. Horsburgh S, Robson-Ansley P, Adams R, Smith C. Exercise and

inflammation-related epigenetic modifications: focus on DNA methy-

lation. Exerc Immunol Rev. 2015;21:26-41.

29. Lehallier B, Gate D, SchaumN, Nanasi T, Lee SE, Yousef H, et al. Undu-

lating changes in human plasma proteome profiles across the lifespan.

Nat Med. 2019;25(12):1843-1850. https://doi.org/10.1038/s41591-

019-0673-2

30. Leggate M, Carter WG, Evans MJC, Vennard RA, Sribala-Sundaram

S, Nimmo MA. Determination of inflammatory and prominent pro-

teomic changes in plasma and adipose tissue after high-intensity

intermittent training in overweight and obese males. J Appl Phys-

iol. 2012;112(8):1353-1360. https://doi.org/10.1152/japplphysiol.

01080.2011

31. Kahn SE, Cooper ME, Del Prato S. Pathophysiology and treatment of

type 2 diabetes: perspectives on the past, present, and future. Lancet

North Am Ed. 2014;383(9922):1068-1083. https://doi.org/10.1016/

S0140-6736(13)62154-6

32. Lind L, Elmståhl S, Ingelsson E. Cardiometabolic proteins associated

withmetabolic syndrome.Metab Syndr RelatDisord. 2019;17(5):272-

279. https://doi.org/10.1089/met.2018.0123

33. Nieman DC, Wentz LM. The compelling link between physical activity

and the body’s defense system. J Sport Health Sci. 2019;8(3):201-217.

https://doi.org/10.1016/j.jshs.2018.09.009

34. Florin TA, Fryer GE, Miyoshi T, Weitzman M, Mertens AC, Hudson

MM, et al. Physical inactivity in adult survivors of childhood acute

lymphoblastic leukemia: a report from the childhood cancer sur-

vivor study. Cancer Epidemiol Biomark Prev. 2007;16(7):1356-1363.

https://doi.org/10.1158/1055-9965.EPI-07-0048

35. HaL,MizrahiD,CohnRJ, SimarD,WakefieldCE, Signorelli C. Accuracy

of perceived physical activity and fitness levels among childhood can-

cer survivors. Pediatr Blood Cancer. 2021;68(9):e29134. https://doi.

org/10.1002/pbc.29134

36. What is NPX? Olink. Available from: https://www.olink.com/question/

what-is-npx/. Accessed 8May 2020.

37. R Core Team. R: a language and environment for statistical comput-

ing. Vienna, Austria: R Foundation for Statistical Computing; 2017.

Available from: https://www.R-project.org/

38. Leahy J, Spahis S, Bonneil E, Garofalo C, Grimard G, Morel S,

et al. Insight from mitochondrial functions and proteomics to under-

stand cardiometabolic disorders in survivors of acute lymphoblastic

leukemia. Metabolism. 2018;85:151-160. https://doi.org/10.1016/j.

metabol.2018.03.011

39. FournierM, Bonneil E, Garofalo C, GrimardG, Laverdière C, Krajinovic

M, et al. Altered proteome of high-density lipoproteins from paedi-

atric acute lymphoblastic leukemia survivors. Sci Rep. 2019;9(1):4268.

https://doi.org/10.1038/s41598-019-40906-x

40. Cheung YT, Brinkman TM, Mulrooney DA, Mzayek Y, Liu W, Banerjee

P, et al. Impact of sleep, fatigue, and systemic inflammation on neu-

rocognitive and behavioral outcomes in long-term survivors of child-

hood acute lymphoblastic leukemia: sleep and cognition in childhood

ALL. Cancer. 2017;123(17):3410-3419. https://doi.org/10.1002/cncr.

30742

41. Oudin C, Berbis J, Bertrand Y, Vercasson C, Thomas F, Chastagner

P, et al. Prevalence and characteristics of metabolic syndrome in

adults from the French childhood leukemia survivors’ cohort: a

comparison with controls from the French population. Haematolog-

ica. 2018;103(4):645-654. https://doi.org/10.3324/haematol.2017.

176123

42. ZhongW, Gummesson A, Tebani A, Karlsson MJ, HongM-G, Schwenk

JM, et al. Whole-genome sequence association analysis of blood pro-

teins in a longitudinal wellness cohort. Genome Med. 2020;12(1):53.

https://doi.org/10.1186/s13073-020-00755-0

43. Otterdal K, Smith C, Oie E, Pedersen TM, Yndestad A, Stang E, et al.

Platelet-derived LIGHT induces inflammatory responses in endothe-

lial cells andmonocytes. Blood. 2006;108(3):928-935. https://doi.org/

10.1182/blood-2005-09-010629

44. HalvorsenB, Santilli F, ScholzH, Sahraoui A, GulsethHL,WiumC, et al.

LIGHT/TNFSF14 is increased in patients with type 2 diabetes mellitus

and promotes islet cell dysfunction and endothelial cell inflamma-

tion in vitro. Diabetologia. 2016;59(10):2134-2144. https://doi.org/

10.1007/s00125-016-4036-y

45. Stawski L, Trojanowska M. Oncostatin M and its role in fibro-

sis. Connect Tissue Res. 2019;60(1):40-49. https://doi.org/10.1080/

03008207.2018.1500558

46. Uhlén M, Fagerberg L, Hallström BM, Lindskog C, Oksvold P,

Mardinoglu A, et al. Tissue-based map of the human proteome.

 26886146, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jha2.588 by U

niversity of T
urku, W

iley O
nline L

ibrary on [08/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/pbc.25628
https://doi.org/10.1002/pbc.25628
https://doi.org/10.1002/pbc.24049
https://doi.org/10.1002/pbc.24565
https://doi.org/10.1002/pbc.24565
https://doi.org/10.1002/pbc.26051
https://doi.org/10.1161/circulationaha.105.169404
https://doi.org/10.1161/circulationaha.105.169404
https://doi.org/10.1083/jcb.201009094
https://doi.org/10.1093/gerona/glu057
https://doi.org/10.1093/gerona/glu057
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1002/cncr.30857
https://doi.org/10.1371/journal.pone.0224172
https://doi.org/10.1371/journal.pone.0224172
https://doi.org/10.1158/1078-0432.CCR-19-2503
https://doi.org/10.1158/1078-0432.CCR-19-2503
https://doi.org/10.1186/s13073-022-01038-6
https://doi.org/10.1038/s41591-019-0673-2
https://doi.org/10.1038/s41591-019-0673-2
https://doi.org/10.1152/japplphysiol.01080.2011
https://doi.org/10.1152/japplphysiol.01080.2011
https://doi.org/10.1016/S0140-6736(13)62154-6
https://doi.org/10.1016/S0140-6736(13)62154-6
https://doi.org/10.1089/met.2018.0123
https://doi.org/10.1016/j.jshs.2018.09.009
https://doi.org/10.1158/1055-9965.EPI-07-0048
https://doi.org/10.1002/pbc.29134
https://doi.org/10.1002/pbc.29134
https://www.olink.com/question/what-is-npx/
https://www.olink.com/question/what-is-npx/
https://www.R-project.org/
https://doi.org/10.1016/j.metabol.2018.03.011
https://doi.org/10.1016/j.metabol.2018.03.011
https://doi.org/10.1038/s41598-019-40906-x
https://doi.org/10.1002/cncr.30742
https://doi.org/10.1002/cncr.30742
https://doi.org/10.3324/haematol.2017.176123
https://doi.org/10.3324/haematol.2017.176123
https://doi.org/10.1186/s13073-020-00755-0
https://doi.org/10.1182/blood-2005-09-010629
https://doi.org/10.1182/blood-2005-09-010629
https://doi.org/10.1007/s00125-016-4036-y
https://doi.org/10.1007/s00125-016-4036-y
https://doi.org/10.1080/03008207.2018.1500558
https://doi.org/10.1080/03008207.2018.1500558


12 LÄHTEENMÄKI TAALAS ET AL.

Science. 2015;347(6220):1260419-1260419. https://doi.org/10.

1126/science.1260419

47. Reinehr T, Roth CL. Inflammation markers in type 2 diabetes and

the metabolic syndrome in the pediatric population. Curr Diab Rep.

2018;18(12):131. https://doi.org/10.1007/s11892-018-1110-5

48. Dean RA, Cox JH, Bellac CL, Doucet A, Starr AE, Overall CM.

Macrophage-specific metalloelastase (MMP-12) truncates and inac-

tivates ELR+ CXC chemokines and generates CCL2, -7, -8, and

-13 antagonists: potential role of the macrophage in terminating

polymorphonuclear leukocyte influx. Blood. 2008;112(8):3455-3464.

https://doi.org/10.1182/blood-2007-12-129080

49. Xue S, Tang H, Zhao G, Fang C, Shen Y, Yan D, et al. C-C motif ligand

8 promotes atherosclerosis via NADPH oxidase 2/reactive oxygen

species-induced endothelial permeability increase. Free Radic Biol

Med. 2021;167:181-192. https://doi.org/10.1016/j.freeradbiomed.

2021.02.022

50. Lewis JE, Ebling FJP, SammsRJ, TsintzasK.Going back to thebiology of

FGF21: new insights. Trends Endocrinol Metab. 2019;30(8):491-504.

https://doi.org/10.1016/j.tem.2019.05.007

51. Zhang X, Yeung DCY, Karpisek M, Stejskal D, Zhou Z-G, Liu F,

et al. Serum FGF21 levels are increased in obesity and are indepen-

dently associated with the metabolic syndrome in humans. Diabetes.

2008;57(5):1246-1253. https://doi.org/10.2337/db07-1476

52. Litwin M, Michałkiewicz J, Niemirska A, Gockowska L, Kubiszewska

I, Wierzbicka A, et al. Inflammatory activation in children with pri-

mary hypertension. Pediatr Nephrol. 2010;25(9):1711-1718. https://

doi.org/10.1007/s00467-010-1548-4

53. Loughrey BV, Mcginty A, Young IS, Mccance DR, Powell LA. Increased

circulating CC chemokine levels in the metabolic syndrome are

reducedby low-dose atorvastatin treatment: evidence froma random-

ized controlled trial. Clin Endocrinol. 2013;79(6):800-806. https://doi.

org/10.1111/cen.12113

54. Waehre T, Damås JK, Gullestad L, Holm AM, Pedersen TR, Arnesen

KE, et al. Hydroxymethylglutaryl coenzyme a reductase inhibitors

down-regulate chemokines and chemokine receptors in patients with

coronary artery disease. J Am Coll Cardiol. 2003;41(9):1460-1467.

https://doi.org/10.1016/S0735-1097(03)00263-8

55. Tahara H, Sato K, Yamazaki Y, Ohyama T, Horiguchi N, Hashizume H,

et al. Transforming growth factor-α activates pancreatic stellate cells

and may be involved in matrix metalloproteinase-1 upregulation. Lab

Invest. 2013;93(6):720-732. https://doi.org/10.1038/labinvest.2013.

59

56. Peeters SA, Engelen L, Buijs J, Chaturvedi N, Fuller JH, Jorsal A,

et al. Circulating matrix metalloproteinases are associated with arte-

rial stiffness in patients with type 1 diabetes: pooled analysis of three

cohort studies. Cardiovasc Diabetol. 2017;16(1):139. https://doi.org/

10.1186/s12933-017-0620-9

57. Cholan PM, Cartland SP, Dang L, Rayner BS, Patel S, Thomas SR, et al.

TRAIL protects against endothelial dysfunction in vivo and inhibits

angiotensin-II-induced oxidative stress in vascular endothelial cells

in vitro. Free Radic Biol Med. 2018;126:341-349. https://doi.org/10.

1016/j.freeradbiomed.2018.08.031

58. Nash M, Mcgrath JP, Cartland SP, Patel S, Kavurma MM. Tumour

necrosis factor superfamily members in ischaemic vascular diseases.

Cardiovasc Res. 2019;115(4):713-720. https://doi.org/10.1093/cvr/

cvz042

59. Sato K, Niessner A, Kopecky SL, Frye RL, Goronzy JJ, Weyand CM.

TRAIL-expressing T cells induce apoptosis of vascular smooth muscle

cells in the atherosclerotic plaque. J Exp Med. 2006;203(1):239-250.

https://doi.org/10.1084/jem.20051062

60. Michowitz Y, Goldstein E, RothA, AfekA, AbashidzeA, BenGal Y, et al.

The involvement of tumor necrosis factor-related apoptosis-inducing

ligand (TRAIL) in atherosclerosis. J AmColl Cardiol. 2005;45(7):1018-

1024. https://doi.org/10.1016/j.jacc.2004.12.065

61. Forde H, Harper E, Davenport C, Rochfort KD, Wallace R, Murphy

RP, et al. The beneficial pleiotropic effects of tumour necrosis factor-

related apoptosis-inducing ligand (TRAIL) within the vasculature: a

review of the evidence. Atherosclerosis. 2016;247:87-96. https://doi.

org/10.1016/j.atherosclerosis.2016.02.002

62. Idzko M, Ferrari D, Riegel A-K, Eltzschig HK. Extracellular nucleotide

and nucleoside signaling in vascular and blood disease. Blood.

2014;124(7):1029-1037. https://doi.org/10.1182/blood-2013-09-

402560

63. Kogan P-S, Wirth F, Tomar A, Darr J, Teperino R, LahmH, et al. Uncov-

ering the molecular identity of cardiosphere-derived cells (CDCs)

by single-cell RNA sequencing. Basic Res Cardiol. 2022;117(1):11.

https://doi.org/10.1007/s00395-022-00913-y

64. Li MO, Wan YY, Sanjabi S, Robertson A-KL, Flavell RA. Trans-

forming growth factor-β regulation of immune responses. Annu

Rev Immunol. 2006;24(1):99-146. https://doi.org/10.1146/annurev.

immunol.24.021605.090737

65. Duan Y, Zeng L, Zheng C, Song B, Li F, Kong X, et al. Inflammatory links

between high fat diets and diseases. Front Immunol. 2018;9:2649.

https://doi.org/10.3389/fimmu.2018.02649

66. Gustafsson G, Schmiegelow K, Forestier E, Clausen N, Glomstein

A, Jonmundsson G, et al. Improving outcome through two decades

in childhood ALL in the Nordic countries: the impact of high-dose

methotrexate in the reduction of CNS irradiation. Nordic Soci-

ety of Pediatric Haematology and Oncology (NOPHO). Leukemia.

2000;14(12):2267–75. https://doi.org/10.1038/sj.leu.2401961

67. Lee W-H, Kim S-H, Lee Y, Lee BB, Kwon B, Song H, et al. Tumor

necrosis factor receptor superfamily 14 is involved in atherogenesis by

inducing proinflammatory cytokines and matrix metalloproteinases.

Arterioscler Thromb Vasc Biol. 2001;21(12):2004-2010. https://doi.

org/10.1161/hq1201.098945

68. Sandberg WJ, Halvorsen B, Yndestad A, Smith C, Otterdal K,

Brosstad FR, et al. Inflammatory interaction between LIGHT and

proteinase-activated receptor-2 in endothelial cells: potential role in

atherogenesis. Circ Res. 2009;104(1):60-68. https://doi.org/10.1161/

CIRCRESAHA.108.188078

69. Komori T,Morikawa Y. OncostatinM in the development of metabolic

syndrome and its potential as a novel therapeutic target. Anat

Sci Int. 2018;93(2):169-176. https://doi.org/10.1007/s12565-017-

0421-y

70. Setiadi H, Yago T, Liu Z, Mcever RP. Endothelial signaling by

neutrophil-released oncostatin M enhances P-selectin-dependent

inflammation and thrombosis. Blood Adv. 2019;3(2):168-183. https://

doi.org/10.1182/bloodadvances.2018026294

71. JonesKL,Maguire JJ, Davenport AP. Chemokine receptor CCR5: from

AIDS to atherosclerosis: CCR5: from AIDS to atherosclerosis. Br J

Pharmacol. 2011;162(7):1453-1469. https://doi.org/10.1111/j.1476-

5381.2010.01147.x

72. Sherbet GV. The epidermal growth factor (EGF) family. In: Growth

factors and their receptors in cell differentiation, cancer and cancer

therapy. Elsevier; 2011. p. 173–98. https://doi.org/10.1016/B978-0-

12-387819-9.00014-1

73. D’auria F, Centurione L, Centurione M, Angelini A, Di Pietro R.

Tumor necrosis factor related apoptosis inducing ligand (trail) in

endothelial response to biomechanical and biochemical stresses in

arteries: TRAIL effects on the cardiovascular system. J Cell Biochem.

2015;116(11):2427-2434. https://doi.org/10.1002/jcb.25223

74. Yegutkin GG, Wieringa B, Robson SC, Jalkanen S. Metabolism of cir-

culating ADP in the bloodstream is mediated via integrated actions of

soluble adenylate kinase-1 and NTPDase1/CD39 activities. FASEB J.

2012;26(9):3875-3883. https://doi.org/10.1096/fj.12-205658

75. Burnstock G. Purinergic signaling in the cardiovascular system. Circ

Res. 2017;120(1):207-228. https://doi.org/10.1161/circresaha.116.

309726

 26886146, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jha2.588 by U

niversity of T
urku, W

iley O
nline L

ibrary on [08/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1126/science.1260419
https://doi.org/10.1126/science.1260419
https://doi.org/10.1007/s11892-018-1110-5
https://doi.org/10.1182/blood-2007-12-129080
https://doi.org/10.1016/j.freeradbiomed.2021.02.022
https://doi.org/10.1016/j.freeradbiomed.2021.02.022
https://doi.org/10.1016/j.tem.2019.05.007
https://doi.org/10.2337/db07-1476
https://doi.org/10.1007/s00467-010-1548-4
https://doi.org/10.1007/s00467-010-1548-4
https://doi.org/10.1111/cen.12113
https://doi.org/10.1111/cen.12113
https://doi.org/10.1016/S0735-1097(03)00263-8
https://doi.org/10.1038/labinvest.2013.59
https://doi.org/10.1038/labinvest.2013.59
https://doi.org/10.1186/s12933-017-0620-9
https://doi.org/10.1186/s12933-017-0620-9
https://doi.org/10.1016/j.freeradbiomed.2018.08.031
https://doi.org/10.1016/j.freeradbiomed.2018.08.031
https://doi.org/10.1093/cvr/cvz042
https://doi.org/10.1093/cvr/cvz042
https://doi.org/10.1084/jem.20051062
https://doi.org/10.1016/j.jacc.2004.12.065
https://doi.org/10.1016/j.atherosclerosis.2016.02.002
https://doi.org/10.1016/j.atherosclerosis.2016.02.002
https://doi.org/10.1182/blood-2013-09-402560
https://doi.org/10.1182/blood-2013-09-402560
https://doi.org/10.1007/s00395-022-00913-y
https://doi.org/10.1146/annurev.immunol.24.021605.090737
https://doi.org/10.1146/annurev.immunol.24.021605.090737
https://doi.org/10.3389/fimmu.2018.02649
https://doi.org/10.1038/sj.leu.2401961
https://doi.org/10.1161/hq1201.098945
https://doi.org/10.1161/hq1201.098945
https://doi.org/10.1161/CIRCRESAHA.108.188078
https://doi.org/10.1161/CIRCRESAHA.108.188078
https://doi.org/10.1007/s12565-017-0421-y
https://doi.org/10.1007/s12565-017-0421-y
https://doi.org/10.1182/bloodadvances.2018026294
https://doi.org/10.1182/bloodadvances.2018026294
https://doi.org/10.1111/j.1476-5381.2010.01147.x
https://doi.org/10.1111/j.1476-5381.2010.01147.x
https://doi.org/10.1016/B978-0-12-387819-9.00014-1
https://doi.org/10.1016/B978-0-12-387819-9.00014-1
https://doi.org/10.1002/jcb.25223
https://doi.org/10.1096/fj.12-205658
https://doi.org/10.1161/circresaha.116.309726
https://doi.org/10.1161/circresaha.116.309726


LÄHTEENMÄKI TAALAS ET AL. 13

76. Haskã3 G. Adenosine: an endogenous regulator of innate immunity.

Trends Immunol. 2004;25(1):33-39. https://doi.org/10.1016/j.it.2003.

11.003

77. Kameoka J, Tanaka T, Nojima Y, Schlossman SF, Morimoto C. Direct

association of adenosine deaminase with a T cell activation anti-

gen, CD26. Science. 1993;261(5120):466–9. https://doi.org/10.1126/

science.8101391

78. MorimotoC, SchlossmanSF. The structure and functionofCD26 in the

T-cell immune response. ImmunolRev. 1998;161(1):55-70. https://doi.

org/10.1111/j.1600-065X.1998.tb01571.x

79. Mehrad B, Strieter RM. CXC chemokine signaling in interstitial lung

diseases. In: Handbook of cell signaling. Elsevier; 2010. p. 2907–11.

https://doi.org/10.1016/B978-0-12-374145-5.00334-X

80. Nabah YNA, Losada M, Estellés R, Mateo T, Company C, Piqueras

L, et al. CXCR2 blockade impairs angiotensin II-induced CC

chemokine synthesis and mononuclear leukocyte infiltration. Arte-

rioscler Thromb Vasc Biol. 2007;27(11):2370-2376. https://doi.org/

10.1161/atvbaha.107.147009

81. Miyazono K, Heldin CH. Latent forms of TGF-beta: molecular struc-

ture andmechanisms of activation. Ciba Found Symp. 1991;157:81–9;

discussion 89–92. https://doi.org/10.1002/9780470514061.ch6

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Lähteenmäki Taalas TL, Järvelä L,

Niinikoski H, Huurre A, Harila-Saari A. Inflammatory

biomarkers after an exercise intervention in childhood acute

lymphoblastic leukemia survivors. eJHaem. 2022;1–13.

https://doi.org/10.1002/jha2.588

 26886146, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jha2.588 by U

niversity of T
urku, W

iley O
nline L

ibrary on [08/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.it.2003.11.003
https://doi.org/10.1016/j.it.2003.11.003
https://doi.org/10.1126/science.8101391
https://doi.org/10.1126/science.8101391
https://doi.org/10.1111/j.1600-065X.1998.tb01571.x
https://doi.org/10.1111/j.1600-065X.1998.tb01571.x
https://doi.org/10.1016/B978-0-12-374145-5.00334-X
https://doi.org/10.1161/atvbaha.107.147009
https://doi.org/10.1161/atvbaha.107.147009
https://doi.org/10.1002/9780470514061.ch6
https://doi.org/10.1002/jha2.588

	Inflammatory biomarkers after an exercise intervention in childhood acute lymphoblastic leukemia survivors
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Study population and the exercise intervention
	2.2 | Proximity extension assay
	2.3 | Statistical analysis

	3 | RESULTS
	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	PATIENT CONSENT STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


