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Abstract
Background: This study aimed to investigate the correlation of A-kinase interacting 
protein 1 (AKIP1) expression with disease risk, clinical characteristics, and prognosis 
of acute myeloid leukemia (AML).
Methods: 291 de novo AML patients and 97 controls were consecutively recruited, 
and bone marrow samples were collected to detect AKIP1 expression using quantita-
tive polymerase chain reaction prior to initial treatment. Treatment response, event-
free survival (EFS), and overall survival (OS) in AML patients were evaluated.
Results: A-kinase interacting protein 1 expression was higher in AML patients than 
that in controls; meanwhile, receiver operating characteristic curve displayed that 
AKIP1 was able to distinguish AML patients from controls (area under the curve:0.772, 
95%CI: 0.720-0.823). Among AML patients, AKIP1 high expression was correlated 
with −7 or 7q−, monosomal karyotype, and worse risk stratification. Moreover, AKIP1 
expression was negatively correlated with complete remission achievement, while no 
correlation of AKIP1 expression with hematopoietic stem cell transplantation achieve-
ment was observed. AKIP1 high expression was associated with shorter EFS and OS 
in total patients, and further subgroup analysis exhibited that AKIP1 high expression 
correlated with worse EFS and OS in intermediate-risk and poor-risk patients but not 
in better-risk patients. Besides, subsequent analysis revealed that AKIP1 high expres-
sion was an independent factor predicting unfavorable EFS and OS.
Conclusion: A-kinase interacting protein 1 has the potential to be a novel marker for 
assisting AML management.
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1  | INTRODUC TION

Acute myeloid leukemia (AML), an aggressive hematological malig-
nancy, is characterized by abnormal cell proliferation and differen-
tiation of the immature myeloid cells.1,2 It accounts for 20% of all 

hematological malignancy related deaths, with a 5-year survival rate 
of 40% for younger patients (18-60 years) and 5-year survival rate 
of 10% for the elder patients (age above 60 years).3-5 Despite there 
are potentially curative treatments for AML patients, including in-
tensive chemotherapy and allogeneic stem cell transplantation, 
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only a minority of eligible AML patients would benefit from these 
therapies, and half of patients received transplantation finally re-
lapse.6,7 Hence, it is needed to explore novel biomarkers for diag-
nosis, disease progression, and prognosis of AML, so as to conduct 
effective surveillance and therapies of AML patients at early stage.

A-kinase interacting protein 1 (AKIP1), a 23 kDa protein located 
in the cytoplasm, nucleus and mitochondria, is initially discovered in 
breast cancer cells to facilitate the nuclear translocation of catalytic 
subunit of protein kinase A.8 Currently, AKIP1 has been shown to in-
teract with a broad range of proteins involved in various cellular pro-
cesses (such as cell apoptosis and oxidative stress).9 Besides, a few 
studies have shown that AKIP1 is overexpressed in tumor tissues 
(such as non-small cell lung cancer (NSCLC), esophageal squamous 
cell carcinoma, and colorectal cancer), meanwhile, AKIP is reported 
to contribute to progression of cancers, and its overexpression cor-
relates with aggravated disease progression (such as tumor size, 
TNM stage, and lymph node metastasis) and worse survival profiles 
in these cancers.10-12 For hematological malignancies, the role of 
AKIP1 is largely unknown, while AKIP1 has been found enriched in 
human bone marrow (https​://www.ncbi.nlm.nih.gov/gene/56672​); 
moreover, AKIP1 promotes solid tumor growth via regulating vari-
ous proteins or pathways (such as chemokine (C-X-C motif) ligand 2 
(CXCL2), NF-κB pathway, and Akt pathway), which are also crucial 
steps in the initiation and progression of leukemia.8,13-15 Taken to-
gether, we speculated that AKIP1 might also be related to disease 
initiation or progression of hematological malignancies, including 
AML, whereas the direct evidence about the role of AKIP1 in AML 
is rarely reported.

Thus, this study was conducted to investigate the correlation 
of AKIP1 expression with disease risk, clinical characteristics, and 
prognosis of AML based on a large-sample-size participants, and 
we envisaged that these data would provide information for predic-
tion of AML prognosis and establishment of personalized therapies.

2  | MATERIAL S AND METHODS

2.1 | Patients and controls

This study prospectively recruited 291 de novo AML patients and 
97 controls from our hospital between January 2016 and May 2019. 
AML patients were enrolled in the study if they had confirmed di-
agnosis of primary AML based on the World Health Organization 
(WHO) Classification of Tumors of Hematopoietic and Lymphoid 
Tissues (2008), age more than 18 years old, no concurrent malig-
nancies, and no history of radiotherapy or chemotherapy, while pa-
tients with acute promyelocytic leukemia or patients in pregnant 
or lactating were excluded from the study. Controls consisted of 
healthy bone marrow (BM) donors and subjects who underwent 
BM biopsy for the diagnosis of non-hematopoietic malignancies. 
All controls were older than 18 years, not in pregnant or lactating, 
and had no history of malignant hematological diseases or tumors 
and serious infection. The current study was approved by the Ethics 

Committee of Bayannur Chinese Medicine Hospital and performed 
in line with the principles of Declaration of Helsinki. And the writ-
ten informed consents were obtained from all AML patients and 
controls.

2.2 | Sample and data collection

Prior to the initial treatment, AML patients’ BM samples were col-
lected, and the density gradient centrifugation was immediately 
performed to isolate BM mononuclear cells (BMMCs), which was 
then stored at −80℃ for further detection. Controls’ BM samples 
were obtained when they underwent BM biopsy, and the BMMCs 
were separated and stored in the same condition as well. In addi-
tion, clinical characteristics of AML patients were also collected 
after the diagnostic work-up was completed, mainly including age, 
gender, French-American-British (FAB) classification, cytogenetic 
abnormalities, molecular genetic abnormalities, and risk strati-
fication. The risk stratification was based on cytogenetics and 
molecular genetics, according to the NCCN Guidelines (Version 
1.2014).

2.3 | Detection of AKIP1 expression

To detect the expression of AKIP1, total RNA was extracted from 
BMMCs using RNeasy Protect Mini Kit  (Qiagen). Then, the re-
verse transcription was performed with ReverTra Ace®  qPCR RT 
Kit (Toyobo, Osaka), followed by the qPCR process using KOD 
SYBR®  qPCR Mix (Toyobo, Osaka), which was performed under 
the following condition: 95℃ for 5  minutes, 94℃ for 5  seconds, 
and then 61℃ for 30  seconds. The final results were calculated 
with 2−△△CT formula, and GAPDH was used as the internal refer-
ence. Information of primers applied in the qPCR was as follows: 
AKIP1, forward: AGAACATCTCTAAGGACCTCTACAT, reverse: CCA 
GAATCAACTGCTACCACAT; GAPDH, forward: GGAGCGAGATCC 
CTCCAAAAT; reverse: GGCTGTTGTCATACTTCTCATGG.

2.4 | Treatment, response evaluation, and follow-up

Three days of an anthracycline (eg, daunorubicin, at least 60 mg/
m2, idarubicin, 10-12  mg/m2, or the anthracenedione mitox-
antrone, 10-12 mg/m2) and 7 days of cytarabine (100-200 mg/m2 
cont. iv) or therapies of comparable intensity were administered 
to the AML patients for induction therapy. Response of AML to 
induction treatment was monitored clinically, with serial periph-
eral blood counts and repeat BM examinations. The complete re-
mission (CR) was defined as blast clearance in the bone marrow 
to <5% of all nucleated cells, morphologically normal hematopoie-
sis, and return of peripheral blood cell counts to normal levels. 
The subsequent treatment, such as consolidation therapy, hemat-
opoietic stem cell transplantation (HSCT), best supportive care, or 
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palliative systemic treatment, was performed on the basis of re-
sponse status after induction therapy. Besides, AML patients were 
followed up 3-6 months or as clinically indicated, with a median 
follow-up duration of 18.0 months (until deadline of 2019/5/1). 
Totally 42 patients lost follow-up in our study. According to the 
follow-up records, event-free survival (EFS) and overall survival 
(OS) were evaluated.

2.5 | Statistical analysis

SPSS 24.0 statistical software (IBM) and GraphPad Prism 7.02 sta-
tistical software (GraphPad Software Inc) were used for data analy-
sis and figures processing. Normality determination for continuous 
variable was performed using the Kolmogorov-Smirnov test, and 
the continuous variable was described as mean and standard de-
viation (SD) if normally distributed, or as median and interquartile 
(IQR) if not normally distributed. Categorized variable was displayed 
as count (percentage). Comparison was performed using chi-square 
test or Wilcoxon rank-sum test as appropriate. Receiver operating 
characteristic (ROC) curves and the area under the ROC curve (AUC) 
were used to assess the feasibility of using AKIP1 expression to 
distinguish different subjects. And the sensitivity and specificity at 
median value of AKIP1 expression were calculated as well. EFS was 
calculated from the date of initiation of therapy to the date of induc-
tion treatment failure, or relapse from CR, or death, and patients not 
known to have any of these events were censored on the date they 
were last examined. OS was calculated from the date of initiation of 
therapy to the date of death, and patients who lost follow-up were 
censored on the date they were last known to be alive. Both EFS and 
OS were displayed by Kaplan-Meier curves and were determined by 
the log-rank test between subgroups. Univariate and forward step-
wise multivariate Cox's proportional hazard regression model analy-
ses were carried out to assess the factors related to EFS or OS. All 
reported tests were two-tailed, and P value  <  .05 was considered 
statistically significant.

3  | RESULTS

3.1 | AKIP1 expression in AML patients and controls

A-kinase interacting protein 1 expression was higher in AML 
patients than that in controls (P  <  .001; Figure 1A). Moreover, 
ROC curve displayed that AKIP1 was able to distinguish AML pa-
tients from controls (AUC:0.772, 95%CI: 0.720-0.823), and the 
sensitivity and specificity at median value (1.759) of AKIP1 ex-
pression of all participants were 58.4% and 75.3%, respectively 
(Figure 1B).

3.2 | Correlation of AKIP1 expression with 
characteristics of AML patients

Acute myeloid leukemia patients were classified as AKIP1 high ex-
pression patients and AKIP1 low expression patients according to 
the median value of AKIP1 expression among them. And AKIP1 high 
expression was associated with −7 or 7q− (P  =  .003), monosomal 
karyotype (P = .021), and worse risk stratification (P = .002; Table 1). 
Meanwhile, AKIP1 high expression was numerically associated with 
presence of −5 or 5q− (P = .083) and absence of t (8;21; P = .050), 
while lacked statistical significance.

3.3 | Correlation of AKIP1 expression with CR and 
HSCT achievements

Among total AML patients, 231 (79.4%) patients achieved CR while 
60 (20.6%) patients failed to achieve CR. AKIP1 expression was 
decreased in CR patients than that in non-CR patients (P <  .001; 
Figure 2A). Besides, ROC curve showed that AKIP1 expression was 
able to distinguish CR patients from non-CR patient with the rela-
tively low AUC value (0.646, 95% CI: 0.574-0.718), and the sensi-
tivity and specificity at median value (2.330) of AKIP1 expression 

F I G U R E  1  Comparison of AKIP1 expression between AML patients and controls. A, AKIP1 expression in AML patients and controls. B, 
ROC curve for AKIP1 predicting AML risk. Comparison between groups was determined by Wilcoxon rank-sum test. P < .05 was considered 
significant. AKIP1, A-kinase interacting protein 1; AML, acute myeloid leukemia; AUC, area under the curve; ROC curve, receiver operating 
characteristic curve
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in AML patients were 54.1% and 65.0%, respectively (Figure 2B). 
Furthermore, among CR patients, there were 31 patients received 
HSCT as well as 200 patients did not receive HSCT, and no differ-
ence of AKIP1 expression was observed between HSCT patients 
and non-HSCT patients (P  =  .318; Figure 2C). Meanwhile, ROC 
curve showed that AKIP1 expression was unable to distinguish 
HSCT patients from non-HSCT patients (AUC: 0.556, 95% CI: 
0.439-0.672; Figure 2D). These results indicated that AKIP1 high 
expression correlated with reduced CR achievement, while no cor-
relation of AKIP1 expression with HSCT achievement was found.

3.4 | Correlation of AKIP1 expression with EFS and 
OS in AML patients

Kaplan-Meier curves disclosed that AML patients with AKIP1 high 
expression had shorter EFS (P  <  .001; Figure 3A) and decreased 
OS (P  <  .001; Figure 3B) than those with AKIP1 low expression. 

TA B L E  1  Correlation of AKIP1 expression with characteristics 
of AML patients

Characteristics
AML 
patients

AKIP1 expressiona

P 
valueHigh Low

No. of patients 291 146 145  

Age (y), No. (%)

<45 153 (52.6) 71 (46.4) 82 (53.6) .176

≥45 138 (47.4) 75 (54.3) 63 (45.7)

Gender, No. (%)

Male 156 (53.6) 79 (50.6) 77 (49.4) .863

Female 135 (46.4) 67 (49.6) 68 (50.4)

FAB classification, No. (%)

M1 1 (0.3) 0 (0.0) 1 (100.0) .410

M2 108 (37.1) 50 (46.3) 58 (53.7)

M4 73 (25.1) 38 (52.1) 35 (47.9)

M5 93 (32.0) 47 (50.5) 46 (49.5)

M6 16 (5.5) 11 (68.8) 5 (31.3)

Normal karyotype, No. (%)

No 142 (48.8) 71 (50.0) 71 (50.0) .954

Yes 149 (51.2) 75 (50.3) 74 (49.7)

inv(16) or t(16;16), No. (%)

No 268 (92.1) 135 (50.4) 133 (49.6) .815

Yes 23 (7.9) 11 (47.8) 12 (52.2)

t(8;21), No. (%)

No 273 (93.8) 141 (51.6) 132 (48.4) .050

Yes 18 (6.2) 5 (27.8) 13 (72.2)

t(9;11), No. (%)

No 283 (97.3) 142 (50.2) 141 (49.8) .992

Yes 8 (2.7) 4 (50.0) 4 (50.0)

t(9;22), No. (%)

No 287 (98.6) 145 (50.5) 142 (49.5) .311

Yes 4 (1.4) 1 (25.0) 3 (75.0)

Complex karyotype, No. (%)

No 263 (90.4) 131 (49.8) 132 (50.2) .705

Yes 28 (9.6) 15 (53.6) 13 (46.4)

+8, No. (%)

No 278 (95.5) 139 (50.0) 139 (50.0) .786

Yes 13 (4.5) 7 (53.8) 6 (46.2)

−7 or 7q−, No. (%)

No 279 (95.9) 135 (48.4) 144 (51.6) .003

Yes 12 (4.1) 11 (91.7) 1 (8.3)

11q23, No. (%)

No 284 (97.6) 141 (49.6) 143 (50.4) .255

Yes 7 (2.4) 5 (71.4) 2 (28.6)

−5 or 5q−, No. (%)

No 288 (99.0) 143 (49.7) 145 (50.3) .083

Yes 3 (1.0) 3 (100.0) 0 (0.0)

(Continues)

Characteristics
AML 
patients

AKIP1 expressiona

P 
valueHigh Low

Others (not included in better or poor risk), No. (%)

No 262 (90.0) 134 (51.1) 128 (48.9) .318

Yes 29 (10.0) 12 (41.4) 17 (58.6)

Monosomal karyotype, No. (%)

No 271 (93.1) 131 (48.3) 140 (51.7) .021

Yes 20 (6.9) 15 (75.0) 5 (25.0)

FLT3-ITD mutation, No. (%)

No 228 (78.4) 112 (49.1) 116 (50.9) .496

Yes 63 (21.6) 34 (54.0) 29 (46.0)

Biallelic CEBPA mutation, No. (%)

No 260 (89.3) 132 (50.8) 128 (49.2) .555

Yes 31 (10.7) 14 (45.2) 17 (54.8)

NPM1 mutation, No. (%)

No 191 (65.6) 98 (51.3) 93 (48.7) .592

Yes 100 (34.4) 48 (48.0) 52 (52.0)

Risk stratification, No. (%)

Better-risk 80 (27.5) 29 (36.2) 51 (63.8) .002

Intermediate-
risk

121 (41.6) 60 (49.6) 61 (50.4)

Poor-risk 90 (30.9) 57 (63.3) 33 (36.7)

Note: Comparison was determined by chi-square test or Wilcoxon rank-
sum test.
Abbreviations: AKIP1, A-kinase interacting protein 1; AML, acute 
myeloid leukemia; CEBPA, CCAAT/enhancer-binding protein α; FAB 
classification, French-American-British classification; FLT3-ITD, 
internal tandem duplications in the FMS-like tyrosine kinase 3; NPM1, 
nucleophosmin; SD, standard deviation.
aHigh or low expression of AKIP1 was classified by the median value of 
AML patients. 

TA B L E  1   (Continued)
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To further assess the correlation of AKIP1 expression with survival 
profiles, patients were divided into three subgroups according to 
different risk stratification. In intermediate-risk patients (P <  .001; 
Figure 4B) and poor-risk patients (P =  .005; (Figure 4C), AKIP1 ex-
pression was negatively correlated with EFS, while no correlation 
of AKIP1 expression with EFS was found in better-risk patients 
(P = .955; Figure 4A). Besides, AKIP1 expression was also negatively 
correlated with OS in intermediate-risk patients (P = .002; Figure 5B) 
and poor-risk patients (P = .010; Figure 5C), while no correlation of 
AKIP1 expression with OS was observed among better-risk patients 
(P = .084; Figure 5A).

3.5 | Analysis of factors affecting EFS and OS

Univariate Cox's regression displayed that AKIP1 high expression 
was associated with worse EFS in AML patients (P < .001), and age 
(≥45 years; P = .045), complex karyotype (P < .001), monosomal kar-
yotype (P  =  .001), FLT3-ITD mutation, and poor risk stratification 
were associated with worse EFS as well (Table 2). According to fur-
ther multivariate Cox's regression analysis, AKIP1 high expression 
(P < .001) was verified as an independent predictive factor for poor 
EFS, and age (≥45 years; P = .038) as well as poor risk stratification 
(P  <  .001) also independently predicted unsatisfied EFS (Table 2). 
As for factors affecting OS, AKIP1 high expression was associated 
with decreased OS (P < .001), and age (≥45 years; P = .043), complex 
karyotype (P = .021), monosomal karyotype (P = .015), FLT3-ITD mu-
tation (P = .003), and poor risk stratification (P < .001) were also cor-
related with shorter OS; furthermore, multivariate Cox's regression 
analysis disclosed that AKIP1 high expression (P < .001) and poor risk 

stratification (P < .001) were independent factors predicting worse 
OS in AML patients (Table 3).

4  | DISCUSSION

Our results indicated that (a) AKIP1 presented with increased ex-
pression in AML patients compared to controls, and it was able to 
distinguish AML patients from controls; (b) in AML patients, AKIP1 
high expression correlated with −7 or 7q−, monosomal karyotype, 
and worse risk stratification; (c) AKIP1 high expression correlated 
with reduced CR achievement, and it was an independent predic-
tive factor for worse EFS and OS in total AML patients; meanwhile, 
further subgroup analysis showed that AKIP1 presented with good 
predictive value for shorter EFS and OS in intermediate- and poor-
risk patients but had no predictive value for prognosis in better-risk 
patients.

A-kinase interacting protein 1 is initially reported as human 
breast cancer-associated gene 3 (BCA3) whose biological role is 
largely unknown.12 Recently, some studies have identified AKIP1 as 
a gene overexpressed in multiple human cancer cells, and it might 
participate in the tumorigenesis and invasiveness.10,14,16,17 For ex-
ample, an experiment shows that AKIP1 induces the autocrine ef-
fect of CXCL1, CXCL2, and CXCL8 to enhance cervical cancer cell 
proliferation in vitro and promote tumor growth in vivo.16 Besides, a 
study displays that AKIP1 promotes cell proliferation, cell migration, 
and cell invasion via activating Slug-induced epithelial-mesenchymal 
transition (EMT) in gastric cancer cells.17 Also, a study shows that 
AKIP1 knockdown represses NSCLC cell migration and cell invasion 
via transactivating zinc finger E-box binding homeobox 1 (ZEB1).10 

F I G U R E  2  Comparison of AKIP1 
expression between CR and non-CR 
patients, HSCT and non-HSCT patients. 
A, AKIP1 expression in CR patients 
and non-CR patients. B, ROC curve for 
AKIP1 predicting CR achievement. C, 
AKIP1 expression in HSCT patients and 
non-HSCT patients. D, ROC curve for 
AKIP1 predicting HSCT achievement. 
Comparison between groups was 
determined by Wilcoxon rank-sum 
test. P < .05 was considered significant. 
AKIP1, A-kinase interacting protein 1; 
AUC, area under the curve; CR, complete 
remission; HSCT, hematopoietic stem 
cell transplantation; ROC curve, receiver 
operating characteristic curve
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Another study discloses that AKIP1 downregulation inhibits cell mo-
tility and cell invasion through suppressing Akt/GSK-3β/Snail path-
way in breast cancer cells.14 These data indicate that AKIP1 might 
regulate some factors such as CXC chemokines and ZEB1 or mediate 
some processes such as Slug-induced EMT and Akt/GSK-3β/Snail 
pathway to promote cell proliferation and cell invasion, thereby fa-
cilitates tumorigenesis and invasiveness in some solid cancers.14,16,17

Accumulating evidences have displayed that AKIP1 is over-
expressed in tumor tissues of several human malignancies, such 
NSCLC, gastric cancer, and colorectal cancer, and its high expres-
sion also correlates with severer tumor features in these can-
cers.10,11,14 For instance, a study displays that AKIP1 is positively 
associated with TNM stage and lymph node metastasis in NSCLC 
patients.10 Besides, a study shows that AKIP1 expression is pos-
itively associated with tumor size, TNM stage, and lymph node 

F I G U R E  3  EFS and OS in AML patients. A, EFS in AKIP1 high expression and AKIP1 low expression patients. B, OS in AKIP1 high 
expression and AKIP1 low expression patients. K-M curves were used to exhibit EFS and OS. Comparison between groups was determined 
by log-rank test. P value < .05 was considered significant. AKIP1, A-kinase interacting protein 1; EFS, event-free survival; K-M curves, 
Kaplan-Meier curves; OS, overall survival

F I G U R E  4  Subgroup analysis for correlation between AKIP1 and EFS. A, Correlation between AKIP1 expression with EFS in better-
risk AML patients. B, Correlation between AKIP1 expression with EFS in intermediate-risk AML patients. C, Correlation between AKIP1 
expression with EFS in poor-risk AML patients. K-M curves were used to exhibit EFS. Comparison between groups was determined by 
log-rank test. P value < .05 was considered significant. AKIP1, A-kinase interacting protein 1; AML, acute myeloid leukemia; EFS, event-free 
survival; K-M curves, Kaplan-Meier curves

F I G U R E  5  Subgroup analysis for correlation between AKIP1 expression and OS. A, Correlation between AKIP1 expression with OS in 
better-risk AML patients. B, Correlation between AKIP1 expression with OS in intermediate-risk AML patients. C, Correlation between 
AKIP1 expression with OS in poor-risk AML patients. K-M curves were used to exhibit OS. Comparison between groups was determined 
by log-rank test. P value < .05 was considered significant. AKIP1, A-kinase interacting protein 1; AML, acute myeloid leukemia; K-M curves, 
Kaplan-Meier curves; OS, overall survival
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metastasis in colorectal cancer.11 These data disclose the positive 
correlation of AKIP1 expression with disease progression in some 
solid tumors. As for the role of AKIP1 in hematological malignan-
cies, related evidence is limited. Whereas AKIP1 presents with 
abundant expression in human bone marrow samples, moreover, 
AKIP1 promotes tumorigenesis and invasiveness in solid tumors 
through regulating some chemokines or pathways (such as CXCL1 
and Wnt/β-catenin pathway), leading to the increased risk and ac-
celerate progression, and the regulation on these chemokines or 
pathways is also critical to promote initiation and progression of 
hematological malignancies, especially AML.16,18 Based on these 
indications, we speculated that AKIP1 might have potential cor-
relation with disease risk and progression in AML, whereas the 
direct evidence about the role of AKIP1 in AML is rarely reported. 
In our study, we found that AKIP1 expression was increased in 
AML patients compared to controls, and it showed predictive 
value for AML risk, which might result from that AKIP1 activated 
Akt/GSK-3β/Snail signal pathway or CXC chemokines to promote 
cell proliferation, and further facilitated disease initiation of AML, 
thereby it predicted increased AML risk.14,16 Furthermore, we 

observed that AKIP1 high expression was associated with pres-
ence of −7 or 7q−, monosomal karyotype, and worse risk strat-
ification in AML patients. The following reasons might explain 
these results: AKIP1 might have influence on genes or signaling 
pathways that contribute to cytogenetic or molecular mutations; 
thus, its high expression led to increased possibilities of −7 or 7q−, 
monosomal karyotype, and worse risk stratification in AML pa-
tients, while its detailed effect underlying cytogenetic or molecu-
lar mutations needed to be further explored.

The development of useful prognostic markers is important to pre-
dict outcomes of cancer patients, and AKIP1 has been identified as a 
biomarker for poor prognosis in some cancers.11,12 For example, a study 
displays that AKIP1 is negatively correlated with OS in colorectal cancer 
patients.11 Also, another study shows the negative correlation of AKIP1 
expression with OS in esophageal squamous cell carcinoma patients.12 
Considering AKIP1 had shown the predictive value for poor prognosis in 
these solid tumors and it had interaction with CXCL1, NF-κB pathway, 
and Akt pathway, which were also critical in the mechanism underlying 
AML progression, we hypothesized that AKIP1 might also play a role in 
the prediction of AML prognosis, while direct evidence is rarely seen. 
In our study, we observed that AKIP1 high expression correlated with 
decreased CR achievement, EFS, and OS in AML patients, which might 

TA B L E  2  Univariate and multivariate Cox's proportional hazard 
regression model analyses of factors related to EFS

Items

Cox's proportional hazard regression 
model

P 
value HR

95%CI

Lower Higher

Univariate Cox's regression analysis

AKIP1 high expression <.001 2.021 1.515 2.696

Age (≥45 y) .010 1.451 1.092 1.926

Gender (male) .138 1.242 0.933 1.652

Complex karyotype <.001 2.406 1.504 3.849

Normal karyotype .992 1.001 0.755 1.328

Monosomal karyotype .001 2.383 1.418 4.005

FLT3-ITD mutation <.001 2.104 1.517 2.919

Biallelic CEBPA 
mutation

.428 1.206 0.759 1.917

NPM1 mutation .174 0.812 0.601 1.096

Poor risk stratificationa <.001 2.600 2.109 3.204

Forward stepwise multivariate Cox's regression

AKIP1 high expression <.001 1.897 1.413 2.546

Age (≥45 y) .038 1.352 1.017 1.798

Poor risk stratificationa <.001 2.576 2.081 3.188

Abbreviations: AKIP1, A-kinase interacting protein 1; CEBPA, CCAAT/
enhancer-binding protein α; CI, confidence interval; EFS, event-free 
survival; FAB classification, French-American-British classification; 
FLT3-ITD, internal tandem duplications in the FMS-like tyrosine kinase 
3; HR, hazard ratio; NPM1, nucleophosmin.
aRisk stratification was included into the Cox's regression analysis in the 
form of ordered categorized variables, which was encoded as better-
risk = 1, intermediate-risk = 2, poor-risk = 3. 

TA B L E  3  Univariate and multivariate Cox's proportional hazard 
regression model analyses of factors predicting OS

Items

Cox's proportional hazard regression 
model

P 
value HR

95%CI

Lower Higher

Univariate Cox's regression

AKIP1 high expression <.001 2.815 1.875 4.225

Age (≥45 y) .043 1.501 1.012 2.225

Gender (male) .926 1.019 0.689 1.507

Complex karyotype .021 2.262 1.132 4.520

Normal karyotype .919 1.020 0.692 1.505

Monosomal karyotype .015 2.654 1.212 5.810

FLT3-ITD mutation .003 2.008 1.273 3.168

Biallelic CEBPA 
mutation

.920 1.036 0.522 2.057

NPM1 mutation .056 0.661 0.432 1.011

Poor risk stratificationa <.001 2.816 2.110 3.759

Forward stepwise multivariate Cox's regression

AKIP1 high expression <.001 2.666 1.759 4.040

Poor-risk stratificationa <.001 2.788 2.071 3.754

Abbreviations: AKIP1, A-kinase interacting protein 1; CEBPA, CCAAT/
enhancer-binding protein α; CI, confidence interval; FAB classification, 
French-American-British classification; FLT3-ITD, internal tandem 
duplications in the FMS-like tyrosine kinase 3; HR, hazard ratio; NPM1, 
nucleophosmin; OS, overall survival.
aRisk stratification was included into the Cox's regression analysis in the 
form of ordered categorized variables, which was encoded as better-
risk = 1, intermediate-risk = 2, poor-risk = 3. 



8 of 8  |     YAN et al.

due to the following reasons: (a) Patients with AKIP1 high expression 
presented severer disease condition than those with AKIP1 low expres-
sion; thus, AKIP1 high expression patients might have less possibility to 
achieve CR.10,17 (b) AKIP1 might promote cell proliferation (via regulat-
ing CXCL1, CXCL2, and CXCL8) or enhance cell invasion to accelerate 
disease progression and retard treatment efficacy, which further led to 
worse EFS and OS in AML patients10,14,16,17; (c) considering AKIP1 ex-
pression negatively correlated with CR achievement and independently 
predicted survival profiles, we speculated that AKIP1 might cause drug 
resistance through activating NF-κB pathway or Akt pathway, which 
impaired the treatment efficacy, aggravated disease progression, and 
eventually reduced survival profiles in AML patients.19,20 Furthermore, 
we performed subgroup analysis and observed that AKIP1 high expres-
sion correlated with shorter EFS and OS in intermediate- and poor-risk 
patients but not in better-risk patients, indicating that AKIP1 could be 
a biomarker for assisting prognosis prediction in intermediate-risk and 
as poor-risk AML patients.

Our data provided clinical evidences about the role of AKIP1 in 
AML, while some limitations still existed in our study: (a) The follow-up 
duration (median follow-up duration of 18.0 months) was relatively 
short; thus, long-term assessment about the role of AKIP1 in AML 
prognosis needed further exploration; (b) the underlying mechanism 
of AKIP1 in AML is largely unknown; thus, further study investigating 
the molecular mechanism of AKIP1 in AML is needed; (c) AML patients 
in this study were de novo AML patients, and the role of AKIP1 in 
refractory and relapsed AML patients needed to be further investi-
gated; (d) sample size, especially sample size in controls, was relatively 
small, and further study with equal sample size in controls and AML 
patients would be better; and (e) further study with AKIP1 detection 
using more methods would be better.

In conclusion, AKIP1 is overexpressed, and its high expression 
correlates with −7 or 7q−, monosomal karyotype, worse risk stratifi-
cation, reduced CR achievement, and worse survival profiles in AML 
patients. Therefore, AKIP1 has the potential to be a novel marker for 
assisting AML management.
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