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ABSTRACT Human Chitinase 3-like-1(YKL40) secreted by cancer cells, macrophages, and neutrophils, plays role in angiogen-
esis, differentiation and metastasis also associated with poor prognosis in solid carcinomas,short recurrence-free in-

terval and short overall survival. The aim of this workwas toevaluatethe role of human Chitinase 3-like 1 in adult patients with acute myeloid 
leukemia and its relation to other prognostic factors and treatment response.Patients and methodsThis study conducted with eighty six de 
novo AML patients their age ranged 18 to 60 years with median age thirty seven years and serum human Chitinase 3-like-1(YKL40)concentra-
tion was determined by a two-site, sandwich-type ELISA.Results: The results of this study revealed thatserum YKL40 was high in seventy cases 
(81.4%)andsignificant association with treatment response was detected (p< 0.05),a significant relation between the mean value ± S.D of 
serum level of YKL40 in acute myeloid leukemia patientsand the apparently healthycontrol was detected, also before and after chemotherapy 
and responders who achieved complete remission, however there was increment of the mean value of serum YKL-40 after failure of remission 
induction(Non responder) with insignificant p value (0.799 ).overall survival in patients with high initial levels of serum YKL-40 was signifi-
cantly less than those with normal serum levels of YKL40 (P<0.03) and disease free survival  was significantly higher in patients with initially 
normal serum levels of YKL-40 with p value < 0.05 and there was also a highly significant relation between disease free survival and overall 
survival in those responders to treatment and Non responders.ConclusionHuman Chitinase 3-like-1was a novel biomarker for predicting out-
come and survival in acute myeloidleukemia patients and normalization of initially high plasma YKL-40 was an important sign of response.

Introduction
Acute myeloid leukemia (AML) is a malignant disorder of the 
blood characterized by impaired differentiation and proliferation 
of hematopoietic precursor cells, resulting in abnormal accumu-
lation of immature precursors and suppression of growth and 
maturation of cells involved in normal hematopoiesis (1)

The prognosis of acute myeloid leukemia (AML) patients is very 
variable, ranging from survival of a few days to cure and clini-
cal outcome can be partly predicted by age, cytogenetic findings, 
and serum lactate dehydrogenase at the time of diagnosis. How-
ever, the prognosis of an individual AML patient cannot yet be 
estimated accurately. It is therefore important to identify new 
biomarkers in acute myeloid leukemia patients for the predic-
tion of prognosis, treatment response, detection of relapse, and 
monitoring for minimal residual disease. (2)

Human Chitinase 3-like-1(CHI3L1), also named human carti-
lage glycoprotein-39 (HC gp-39), 38-KDa heparin binding glyco-
protein (Gp38k), breast-regressing protein 39 KDa (brp-39), and 
Chondrex secreted by cancer cells, macrophages, and neutro-
phils. It might be a growth or differentiation factor, played a role 
in angiogenesis, differentiation and metastasis (3)

High serum human Chitinase 3-like-1 (YKL-40)associated with 
poor prognosis in solid carcinomas. Several studies of patients 
with solid tumors had shown that serum YKL-40  elevated in 
some patients with primary or metastatic carcinoma of the 
breast (4), colorectal (5), ovary (6), lung (7), prostate (8),cervical 
adenocarcinoma(9) kidney and glioblastoma (10). Interestingly, 
the studies showed that high serum YKL-40 was related to short 
recurrence-free interval and short overall survival, and that had 
a high serum YKL-40 was an independent prognostic variable of 
poor prognosis

Aim of the work
This study was aimed to evaluate the role of human Chitinase 
3-like 1(YKL-40) in adult patients with acute myeloid leukemia 
and its relation to other prognostic factors and treatment re-
sponse. 

Patients and methods
This study was carried out at hematology and oncology unit, in-
ternal medicine department, zagazig university hospital(Zagazig, 
Egypt) during the period between February 2011 and June 2012.
It included eighty six de novo acute myeloid leukemia patients 
and ten healthy volunteers , all patients were given their in-
formed consent after approval of our local ethical committee 
and all patients had severe cardiac, pulmonary, hepatic, renal, 
neurological, metabolic disease, concomitant malignancies or 
uncontrolled infections were excluded from the study and pa-
tients with acute promyelocytic leukemia were excluded as they 
had  a different natural history and different management.

All patients were subjected to complete clinical his tory and 
physical examination ,routine laboratory investigations (Com-
plete Blood Picture, Liver & kidney Functions, Serum electro-
lytes ,PT/INR, PTT ,Viral marker(HBs Ag, HCV Ab, HIV Ab),Bone 
Marrow Aspiration and biopsy, Immunophenotyping and Cy-
togenetic  study).Chest X-ray was done and CT chest if indicat-
ed. Pelvi-abdominal ultrasonography, CT abdomen& pelvis, Elec-
tro-Cardiograph (E.C.G) and echocardiograph were done also.

Serum levels of Human Chitinase 3-like 1 was assessed  before 
induction chemotherapy and after remission and all these pa-
tients were treated by induction 3&7 chemotherapy protocol ( 
3 days of daunorubcine 45mg/m2 and 7 days of continuous in-
fusion of cytarabine 100mg/m2)Bone Marrow evaluation was 
carried out at day 14 of end of induction protocol and response 
to treatment was evaluated according to revised recommenda-
tions of the international working group for standardization of 
response criteria ,Complete Remission (CR) was defined when 
the cellularity of the bone marrow (BM) after regeneration was 
near normal with <5% blast cells, the peripheral blood recovered 
completely, and no extra-medullary leukemic infiltrates were 
present.

When the bone marrow blast cell count remained between 5 
and 25% but was reduced by at least 50% in comparison to the 
initial value, and the peripheral blood levels recovered com-
pletely, a patient will be  considered to be in Partial Remission 
(PR). Failure to attain CR or PR will be consistent with Failure or 
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No response .(11). According to cytogenetic studies ,all patients 
were classified into favorable, unfavorable, and intermediate risk 
ad patients with favorable cytogenetic were challenged for con-
solidation high dose chemotherapy regimens as HAM i.e. High 
dose Ara C 1.5gm/m2 D1-3, Mitoxantone 10mg/m2 D3-5 for four 
cycles and then follow up. However those with unfavorable cy-
togenetic or intermediate were referred for arrangement for 
stem cell transplantation

METHOD
Serum samples of YKL-40 were collected immediately before the 
start of treatment, and after remission using EDTA or heparin as 
an anticoagulant. Centrifuge for 15 minutes and samples were 
stored at -80 C until analysis for YKL-40,samples from each pa-
tient were analyzed in the same assay without knowledge of the 
clinical, biochemical, or survival data, samples required a 50-fold 
dilution (10 ul of sample pulse 490 ul of Calibrator Diluent RD5P 
(1X).Serum concentrations of YKL-40 were determined by a two-
site, sandwich-type ELISA using streptavidin- coated micro plate 
wells, a biotinylated-Fab monoclonal capture antibody, and an 
alkaline phosphatase–labeled polyclonal detection antibody. The 
sensitivity of the ELISA was 10 ng/L. The intra and extra assay 
coefficient of variation were <3.6% and <7.1%, respectively.(12).
(13)

STATISTICAL ANALYSIS
Data was analyzed using IBM SPSS advanced statistics version 
20 (SPSS Inc., Chicago, IL). Numerical data of scores were ex-
pressed as mean and standard deviation or median and range 
as appropriate. Chi-square test (Fisher’s exact test) was used to 
examine the relation between qualitative variables. For not nor-
mally distributed quantitative data, comparison between two 
groups was done using Mann-Whitney test (non-parametric 
t-test). Spearman-rho method was used to test correlation be-
tween numerical variables. Survival analysis was done using 
Kaplan-Meier method and comparison between two survival 
curves was done using log-rank test. Cox-regression method was 
used to test the relation between numerical variables and sur-
vival. Odds ratio (OR) with it 95% confidence interval (CI) were 
used for risk estimation. The Receiver Operating Characteristic 
(ROC) curve was used for prediction of cut off values and p-val-
ue < 0.05 was considered significant.

RESULTS
Table(1): Patient characteristics of studied acute myeloid 
patients:-

P%No.Character

-----10086
Age(in years):
Range(18-60)  
Median (37)

NS46.5
53.5

40
46

Sex:
Male
Female

NS

41
48
6
34
2
2
6
4
4

36
42
6
30
2
2
6
4
4

Clinical presentation:
Pallor,weakness,fatigue
Fever
Gum hypertrophy
Purpura, bleeding
Lymphadenopathy
Spleenomegaly
Hepatomegaly
Chloroma 
Tumour lysis syndrome, renal 
impairment

-------
21
0
79

18
0
68

Virology:
Hcv Ab +ve
HBsAg +ve
Hcv/Hbv –ve

10086

Bone Marrow (B.M)Blasts (%):

Range (22-95)
X ±SD(70.55±20.85)           

10086
Immunophenotyping:
+ve myeloid markers
	

NS

16.3
41.9
30.2
11.6

14
36
26
10

FAB classification:
M1
M2
M4
M5

NS

16.3
58.1
11.6
14

14
50
10
12

Cytogenetic study:
unfavorable
intermediate
favorable
Unknown

<0.001

100

100

86

10

Serum YKL40
  1-  AML patients
Before therapy (57.4.±61.9ng/ml)
After therapy (40.1 ± 62.4ng/ml)
  2- Control (46.6 ± 47.7ng/ml)

<0.05
51
49

44
42

Therapy Response
CR
NR

 
Serum YKL40 was high in seventy cases (81.4%)  of  acute my-
eloid patients group and when chi square test (χ2) test was 
applied to test the significant relation among different vari-
ables (sex, immunophenotypes ,cytogenetic types, treatment 
response),only significant association with treatment response 
was detected and p value was less than 0.05.

A high significant association between the mean value ± S.D of 
serum level of YKL40 in acute myeloid leukemia patients includ-
ed in the study and the apparently normal control was detected, 
also  before chemotherapy and after remission and there was a 
significant increment of level after complete remission more 
than failure

Table (2) comparison between YKL40 levels in AML patients 
before and after induction chemotherapy as regard re-
sponse:

Variable Before 
therapy

After 
therapy  t P  value

Response
CR

NR

48.6 ± 61.8

65.7 ± 62.4

10.8 ±17.6

68.1±76.2
3.34

0.25

<0.001

NS

 
When one way ANOVA was used to test significance of differ-
ence of mean ± SD of serum YKL-40 in patients with different 
immunophenotypes  and cytogenetic types ,  there were not any 
significant relations were detected( P value 0.30,0.56 respective-
ly)

Table (3) Comparison between serum YKL-40 levels before 
induction chemotherapy in different phenotypes and cy-
togenetic types of AML patients

Variable Sum of 
Squares     Df Mean 

Square F P value

Immunophyno-
types
Between 
groups
Within groups
    Total

1.40
1.46
1.60

3
40
86

4.66
3.76 1.24 0.30

Cytogenetic 
types
    Between 
groups
    Within 
groups
    Total

8.00
1.52
1.60

3
40
86

2.66
3.91 0.68 0.56

Bivariate Spearman correlation analysis was used to test correla-
tion between serum YKL-40 and different variable (age, LDH lev-
el, ESR, BM blasts, TLC,HB, platelet PT, SGPT, SGOT, Creatinine 
level, PLT count and overall survival) there was not any signifi-
cant correlation between serum YKL-40 levels and these variable 
before induction therapy.

Table (4): Bivariate Spearman correlation analysis test be-
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tween serum YKL-40 before induction chemotherapy and 
age, LDH level, ESR, TLC, and BM blasts

Variable                      NO Bivariate correlation 
(r) P value

Age                               86 0.06 0.68

LDH                             86 0.15 0.33

ESR                              86 0.19 0.21

BM blast                       86 0.25 0.10

TLC                             86 0.22 0.22

HB                               86 0.35 0.23

PLAT                           86 0.16 0.29

CR                               86 0.24 0.13

AST                             86 0.05 0.78

ALT                             86 0.18 0.24

PT/INR                        86 0.30 0.06

OS                              86 -0.15 0.32

*. Correlation is significant at the 0.05 level (2-tailed).

Kaplan-Meier curve was used to estimate one year disease free 
and overall survival of patients and the mean overall survival 
in patients with high initial levels of plasma YKL-40 was signifi-
cantly less than those with normal plasma levels of the marker 
(P=0.03) and disease free survival  was significantly higher in pa-
tients with initially normal serum levels of YKL-40 with p value 
= 0.02 and there was also a highly significant difference between 
disease free survival and overall survival in those responders to 
treatment and Non responders

Figure (I):   overall survival of patients and initial plasma YKL-
40 before therapy Log rank was 4.369 and p value (0.03)was sig-
nificant

Figure (II): Disease free survival (DFS)of patients andYKL-40 
before therapy Log rank was 4.694 and p value (0.03)was signifi-
cant

Figure (III): overall survival of patients and treatment response 
Log rank was 10.65 and p value (0.001) was highly significant

Discussion
Acute myeloid leukemia (AML) is a malignant hematopoietic 
neoplasm characterized by clonal proliferation of tumor cells 
that arise from the hematopoietic stem/progenitor population 
within the bone marrow (14).It is the most common acute leuke-
mia in adults and accounts for approximately 69 percent of cases in 
this group AML accounts for less than 1% of all cancers and 29% of 
all leukemia, approximately 12,950 new cases of AML are diagnosed 
annually in the United States (15). 

The incidence of Acute myeloid leukemia (AML) increases with 
age, and is most frequently   observed in older adults, the median 
age at diagnosis was 67 years (16) but in our study, the patient me-
dian age was 39 years   and the range was 18-60 years without 
any significant relation between age and serum level of YKL-40 
and this might attributed to inclusion criteria of patients includ-
ed in the study.

The clinical signs and symptoms of AML were diverse and non-
specific, but they were usually directly attributable to the leuke-
mic infiltration of the bone marrow, with resultant pancytope-
nia(17).

Fever was the most common clinical manifestation of patients in 
our study followed by pallor, purpuric eruption and gum hyper-
trophy and this was consistent with data published by Weinblatt 
2004 who noted that fever and manifestations of bone marrow 
failure represent the most common initial clinical presentation 
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followed by manifestations of extra-medullary involvement.(18)

M2 of FAB morphologic classification was the most common in our 
study (41.5%) followed by M4 (30.4%), followed by M1 (16%).Bassan 
et al., 2002noted thatM1 was the commonest (27%) followed by M2 
(22%) but the study of Breems et al., 2008showed that M2 was the 
commonest (27%) followed by M4 (23%).(19)

Cytogenetic analysis was a key component of the initial evalu-
ation of any patient with acute myeloid leukemia (20)and this  
analysis of patients revealed that 16.3% of them were with un-
favorable cytogenetic , 58% were with intermediate cytogenetic, 
11.6% were with favorable cytogenetic and 14% were unknown. 
Patients with normal cytogenetic should be classified into fa-
vorable or unfavorable cytogenetic according to e.g. NPM1/
FLT3mutations in order to give more accurate data. Breems et 
al., 2008 noted that cytogenetic analysis of patients revealed that 
34% of them were with unfavorable cytogenetic type, 29% were 
with intermediate cytogenetic type, 8% were with favorable cy-
togenetic type and 29 % were unknown and this might attribut-
ed to different selection criteria of both studied groups (19).

The biological functions of YKL-40 in hematologic malignancies 
and solid carcinoma were unknown and it had been suggested 
that YKL-40 might played a role in the proliferation and differ-
entiation of malignant cells, protected the cells from undergoing 
apoptosis, stimulated angiogenesis, and had an effect on extra-
cellular tissue remodeling, although in vivo proof of this was yet 
to be obtained. In vitro studies of glioblastoma cell lines have 
shown that diverse types of stress resulted in YKL-40 mRNA and 
protein expression, suggesting an involvement of YKL-40 as a 
cellular survival factor.(21),(22)

Serum level of YKL-40 in eighty six acute myeloid leukemia patients 
(excluding promyelocytic leukemia) and ten apparently healthy vol-
unteers were measured and the median serum concentration of 
YKL-40 just before the start of chemotherapy in the newly diagnosed 
AML patients was 57.39 ng/ml (range 36.7-227.5) and was signifi-
cantly higher compared with the levels in healthy volunteers (46.6 
ng/ml, with range from 12.9 to170 and P < 0.001). according to Olav 
J et al 2005the median serum concentration of YKL-40 just be-
fore the start of chemotherapy in the 77 newly diagnosed AML 
patients was 11.2 ng/ml (range 15.3-63.7 ng/ml) and was signifi-
cantly higher compared with the levels in 245 healthy volunteers 
(43 ng/ml, range (20-184) and P < 0.001)and this was nearly con-
sistent with our data.(23)

Seventy (81%) of the AML patients had  serum YKL-40 level above 
the upper 95th percentile of serum YKL-40 in the controls while re-
ports of Olav J et al 2005(52%) of the AML patients had  serum 
YKL-40 level above the upper 95th percentile (age-corrected) 
and this might attributed to  selection criteria of studied group

Patients with elevated serum YKL-40 was an independent risk 
factor in acute myeloid leukemia patients without any correla-
tion with other variable.(24)

Forty four patients (51%) had achieved remission with significant 
relation between serum levels of YKL-40 and achievement of com-
plete response. However, there was not any significant relation of 
initial serum YKL-40 before chemotherapy in those who did not 
achieved remission while those had high levels were  usually as-
sociated with poor outcome.

Olav J et al 2005 had noticed that serum of YKL-40  of  thirty-
eight patients(49%) achieved complete remission within the 
first four weeks and there was a significant relationship between 
serum YKL-40  and effect of treatment within the first months 
(complete remission versus non-response, Fisher exact test, P = 
0.26 and the logistic regression for complete remission versus 

non responder  showed a significant association with remission 
(odds ratio, 1.4; 95% confidence interval (CI), 1.0-1.9; P = 0.05  
and this was matshed with our results.

Serum YKL-40 was measured  in all those patients after induction 
chemotherapy and there was marked significant decrement of YKL-
40 level in those had a high initial plasma levels and succeeded to 
achieve complete remission  , however there was no change or 
even increment of serum YKL-40 levels after failure to achieve 
remission in Non responders, so post induction serum YKL-40 
was a good indicator or monitor for response in acute myeloid 
leukemia patients and serum levels after induction parallel 
treatment outcome .

Serum level of YKL-40 before induction was significantly associ-
ated with poor survival outcome and disease free survival was 
significantly inversely related to initial serum YKL-40levels and 
univariante analysis of serum YKL-40 showed a significant as-
sociation with survival within the first month and the first year 
after starting chemotherapy (one year survival: HR, 1.6 and P < 
0.0001) and with the overall survival (HR, 1.3 and P < 0.0001).(23)

However disease free survival and overall survival was greatly re-
lated to achievement of remission and all these data had proved 
a role of YKL-40 as a predictor of overall and disease free sur-
vival in de novo acute myeloid leukemia patients(24)

Conclusion
YKL-40 was a novel biomarker for predicting outcome and sur-
vival in acute myeloid leukemia patients and normalization of 
initially high plasma YKL-40 was an important sign of response.

Disclosure
There was no conflict to author



IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 607 

Volume : 4 | Issue : 7 | July 2015 • ISSN No 2277 - 8179
Research Paper

REFERENCE
1.Appelbaum FR, Gundacker H, Head DR, Anderson JE, Godwin JE, Slovak ML and Willman Cl. (2006): Age and acute myeloid leukemia. Blood, 
107:3481–3485. | 2.Estey E. (2007): Acute myeloid leukemia and myelodysplastic syndromes in older patients. J Clin Oncol, 25(14):1908-1915. | 

3.Ling H and Recklies AD(2004). The chitinase 3-like protein human cartilageglycoprotein 39 inhibits cellular responses to the inflammatory cytokinesinterleukin-1 and tumour 
necrosis factor-a. Biochem J ;380:651 – 9. | 4.Johansen JS, Jensen BV, Roslind A, Nielsen D and Price PA. (2006): Serum YKL-40, a new prognostic biomarker in cancer patients? Can 
Epidemiol Biomarkers,15(2):194–202. | 5.Johansen JS, Schultz NA and Jensen BV. (2009):Plasma YKL-40: a potential new cancer biomarker? Future Oncol, 5(7):1065-82. | 6.Schultz NA, 
Johansen JS. 2010. YKL-40—A protein in the field of translational medicine: A role as a biomarker in cancer patients? Cancers, 2: 1453-1491 | 7.Cintin C, Johansen JS, Christensen IJ, 
Price PA, Sørensen S, Nielsen HJ.(2002) High serum YKL-40 level after surgery for colorectal carcinoma is related to short survival. Cancer ;95:267 – 74. | 8.Mylin AK, Andersen NF, 
Johansen JS, Abildgaard N, Heickendorff L, Standal T, Gimsing P, Knudsen LM. 2009. Serum YKL-40 and bone marrow angiogenesis in multiple myeloma. Int. J. Cancer, 124: 1492-
1494. | 9.Mitsuhashi A, Matsui H, Usui H, Nagai Y, Tate S, Unno Y, Hirashiki K, Seki K, Shozu M. 2009. Serum YKL-40 as a marker for cervical adenocarcinoma. Ann. Oncol., 20: 71-77. 
| 10.Kavsan VM, Baklaushev VP, Balynska OV, Iershov AV,, Yusubalieva GM, Sanson M, Chekhonin VP. 2011. Gene Encoding Chitinase 3-Like 1 Protein (CHI3L1) is a Putative Onco-
gene. Int. J. Biomed. Sci., 7: 230-237 | 11.Cheson B, Bennett J, Kopecky K, Lister TA, Tallman MS, Estey EH, Larson RA, Biondi A and Head DR. (2003) Revised recommendations of 
the international working group for diagnosis, standardization of response criteria, treatment outcomes, and reporting standards for therapeutic trials in AML. J Clin Oncol; 21:4642-
4649. | 12.Renkema GH, Boot GR, Au FL, et al.(1998) Chitotriosidase, a chitinase, and the 39- kDa human cartilage glycoprotein, a chitin-binding lectin, are homologues of family 18 
glycosyl hydrolases secreted by human macrophages. Eur JBiochem 251:504 – 9. | 13Hua L and Anneliese D. R (2004) The chitinase 3-like protein human cartilage glycoprotein 39 
inhibits cellular responses to the inflammatory cytokines interleukin-1 and tumour necrosis factor-a.Biochem. J. 380 :651–659 | | 14.Ichikawa M and Kurokawa M. (2009): Molecular 
mechanisms in the development of acute myeloid leukemia. Nihon Rinsho, 67(10):1889-93. | 15.Jemal A, Siegel R, Brawly O and Ward E. (2011):Cancer statistics. CA Cancer J Clin 
61:212–236. | 16.Ries L, Melbert D, Krapcho M and Miller BA. (2008) SEER Cancer Statistics Review, http://seer.cancer.gov/csr/1975_2005/, based on November 2007 SEER data sub-
mission, posted to the SEER web site. | 17.Löwenberg B, Downing JR and Burnett A. (1999): Acute Myeloid Leukemia: The N Engl J Med Vol 341 No 14, 1051- 1062 á. | 18.Weinblatt 
ME. (2004) Acute myelocytic leukaemia . http://www.emedicine.com. | 29. Breems DA, Van Putten WL, De Greef GE, et al. karyotype in acute myeloid leukemia: a better indicator of 
poor prognosis than a complex karyotype. J Clin Oncol 2008;26(29):4791-4797. | 20.Schlenk RF, Benner A, Krauter J, Tefferi E and Hoagland HC. (2004): Individual patient data-based 
meta Analysis of patients aged 16 to 60 years with core binding factor acute myeloid leukemia: a survey of the German Acute Myeloid Leukemia Intergroup. J Clin Oncol, 22:3741 | 
21.Tanwar MK, Gilbert MR, Holland EC.(2002) Gene expression microarray analysis reveals YKL-40 to be a potential serum marker for malignant character in human glioma. Cancer 
Res 2002;62:4364 – 8. | 22.Ling H, Recklies AD.(2004) The chitinase 3-like protein human cartilageglycoprotein 39 inhibits cellular responses to the inflammatory cytokinesinter-
leukin-1 and tumour necrosis factor-a. Biochem J 2004;380:651 – 9. | 23.Olav J. Bergmann, Julia S. Johansen, Tobias W. Klausen, et al.(2005) High Serum Concentration of YKL-40 Is 
Associated with short Survival in Patients with Acute Myeloid Leukemia. Clin Cancer Res ;11: 8644-8652. | 24.Anil K. Hurmale ,Sudheer K. Choudhary , Mahavir Yadav and Archana 
Tiwari .2013. | Overexpression of chitinase like protein YKL-40 in leukemia patients.J. BioSci. Biotech. 2(3): 215-220


